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Abstract — Metal organic frameworks (MOFs) are a class of crystalline organic-inorganic hybrid compounds formed
by coordination of metal clusters or ions with organic linkers. MOFs have recently attracted intense research interest due
to their permanent porous structures, large surface areas and pore volume, high-dispersed metal species, and potential
applications in gas adsorption, separation, and catalysis. CO, adsorption in MOFs has been investigated in two areas of
CO, storage at high pressures and CO, adsorption at atmospheric pressure conditions. In this short review, CO, adsorp-
tion/separation results using MOFs conducted in our laboratory was explained in terms of four contributing effects; (1)
coordinatively unsaturated open metal sites, (2) functionalization, (3) interpenetration/catenation, and (4) ion-exchange. Zeolitic
imidazolate frameworks (ZIFs) and covalent organic frameworks (COFs) were also considered as a candidate material.
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Scheme 1. Representative MOF structures.
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Fig. 1. High-pressure CO, adsorption isotherms of (a) UMCM-1, (b)
MOF-177, (¢) MOF-5, and (d) zeolite 13X at 298 K.
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pore volume: 3.6 cm*/g)¥} MOF-210 (BET: 6,240 m*/g, Langmuir:
10,400 m%/g, pore volume: 3.6 cm®/g)2] 735~ 298 K/50 bar Z710llA
54.5 mmol/g (2,398 mg-CO,/g-adsorbent)?] ol1kslehi F2 Ad5-S 2t
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Scheme 2. The structures of (a) narrow-pore (np) and (b) large-pore
(Ip) form of MIL-53(Al) [57].
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Fig. 2. High-pressure CO, and N, adsorption-desorption isotherms
of amino-MIL-53(Al) [57].

pore(ip)= A5 A== & (breathing effect)0] LA H ot
(Scheme 2)[56]. Fig. 20141 & = Q15%0] 298 K/5 bar o]3stellA] o]k
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(mp), 10~15 barellA] o|ibslekl: Falso] §438] 7 stal(mp Ip), 20
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ke F& TS FHRE, AR BA, V1A T 5ol ek
T37F B = SA0] Wskghe g1 4 AATH57). =g
H,BDC th4l o}l 7|58} ¥ 7] 2]3H=2](Scheme 1) H,BDC-NH,
= ARESlo] A %3 amino-MIL-532] 745, 24 9wk tin] o)Ak

stk heo] F7HEEE %7} narrow pore(np)©ll A large sheka: AEET) gle S7kee #1E 5 3l%1om([57,58],
Table 1. High-pressure CO, adsorption data of selected MOFs

Sample Surface area (m7g) - Pore volume (cm*/g)  Temp. (K) Pres. (bar)  CO, uptake (mmol/g) Ref.

BET Langmuir

HKUST-1 (CUBTC) 1781 - - 298 35 10.7 [48]
IRMOF-1 (MOF-5) 2833 - - 298 35 21.7 [48]
IRMOF-3 2160 - - 298 35 18.7 [48]
MIL-47(V) - 1500 - 304 20 11.5 [50]
MIL-53(Al) 1300 - 04 298 25 6.8 [53]
MIL-53(Cr) - 1500 - 304 25 10.0 [50]
MIL-100(Cr) 1900 - 1.1 304 50 18.0 [51]
MIL-101(Cr) 4230 - 22 304 50 40.0 [51]
MIL-102(Cr) - - - 304 30 3.1 [54]
MOF-177 4508 - - 298 35 335 [48]
MOF-200 4530 10400 3.6 298 50 54.5 [52]
MOF-205 4460 6170 22 298 50 38.1 [52]
MOF-210 6240 10400 3.6 298 50 54.5 [52]
MOF-505 1547 - - 298 35 10.2 [48]
UMCM-1 4100 - 2.1 298 24 23.5 [49]
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Fig. 3. CO, adsorption isotherms of (a) Mg-MOF-74, (b) Co-MOF-74,
(¢) CuBTC, and (d) zeolite 13X at 298 K [67,74].
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Zh= 7107 437 AlgelolE 13X8} 1w aedS vl (206 mg-COy/
g-adsorbent) A2 tl58t J5S 22 A& 1T 5 SIth218
mg-CO,/g-CuBTC)[76]. ®=3} polyvinylalcohol (PVA)S H}QIT] 2 A}
g3to] A|z=gtk CuBTC o] 73-9- 298 K/1 bar 27104 CuBTC
AR ] 60%2] FAeS 2 A1e ERIE 4 ollEHI(129
mg-CO,/g-adsorbent), ©]:= PVA HIQIT o] oJgt - M| ul3l
o 23] 7had oikslekA FAeS 2 F1 0 R Ik 76].
M-MOF-74 A]2]Z=M/DOBDC. CPO-37-M, M=Mg, Co, Zn, Ni)
ofd, mldlg, FHE, YA 55 DOBDC (2,5-dihydroxybenzene
carboxylic acidyE f7] BIRE=R AA3}] o]F0x] MOF EZolt}
[77-79]. ©F 1.1 nm&] 248 124 S 2k gl o719 w9
AFE & 5 o = FHAE 7] BRI=S Ft25A] 7]olA
08] Ak, S|EFA] Z1olA] 17]] Akadat, 9 A Sl B
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Sample Temp. (K) P (bar) CO, conc. (%) C(ﬁzﬂ'}-‘(l:]%e co, /CHielect1v1tyCO2 N, Ref.
Cu(BDC-OH) 296 1.0 - 2.3 6.7 - [61]
Cu,(Hbtb), 298 1.0 50 - 124 - [26]

303 1.0 50 3.8 5 - [62]
HKUST-1 (CuBTC)

298 15.0 100 12.7 2.8% 5.3% [70]

298 1.0 50 1.8 2 - [63]
IRMOF-1 (MOF-5)

296 1.0 100 2.1 - - [71]
IRMOF-11 298 2.5 50 4 - 11 [59]
IRMOF-13 298 2.5 50 4 - 11 [59]
IRMOF-1-4Li (chem.-4Li MOF)P 298 1.0 15.6 - - 395 [60]
IRMOF-16-4Li 298 10.0 10 - 75 - [66]
MIL-101 298 0.1 100 0.3 - - [68]
DETA-MIL-101°¢ 298 0.1 100 0.2 - - [68]
Ui0-66 303 1.0 100 24 - - [69]
NH,-UiO-66 303 1.0 100 29 - - [69]
Mg/DOBDC (Mg-MOF-74) 298 1.0 100 8 283 - [64]
Co/DOBDC (Co-MOF-74) 298 1.0 100 6.5 - 25 [67]
MIL-47(V) 298 2.5 50 2 - 10 [59]
rho-ZMOF 298 1.0 50 2.2 500 - [65]

%C0,/CH, and CO,/N, selectivities at 298 K and 15 bar; ° Li*-doped MOF structure; ® DETA (diethylenetriamine) grafting on MIL-101.
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Fig. 4. High-pressure CO, adsorption isotherms of (a) MOF-5, (b)
IRMOF-3, (c) zeolite 13X at 298 K.
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Scheme 3. Diethylenetriamine (DETA) grafting on MIL-101 [68].
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