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Abstract : This review has shown the capability of MOFs and ZIFs materials to adsorb CO, under typical PSA temperatures and
pressures. The usual operating conditions are adsorption temperatures of 15~40 “C and adsorption pressures of 4~6 bar based on
numerous PSA processes which are widely employed in gases industry for adsorptive separation of CO,. The extent of CO»
adsorption on the microporous materials depends on the metal species and organic linkers existing in the frameworks. The pore
size and the surface area, and the process variables are the key parameters to be associated with the efficiency of the adsorbents,
particularly adsorption pressures if other variables are comparable each other. The MOFs and ZIFs materials require high
pressures greater than 15 bar to yield significant CO, uptakes. They possess a CO, adsorption capacity which is very similar to or
less than that of conventional benchmark adsorbents such as zeolites and activated carbons. Consequently, those materials have
been much less cost-effective for adsorptive CO, separation to date because of very high production price and the absence of
commercially-proven PSA processes using such new adsorbents.
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Figure 1. Pore sizes of microporous materials to compare kinetic diameters of typical gas molecules in synthetic gasses.
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Table 1. Electronic properties of CO, with reference gases

Adsartate| Y | 0% e | (10 sy
O, 29.11 0 430
H, 8.042 0 0.662
co 19.5 0.1098 2.50
N, 17.403 0 1.52
CH, 25.93 0 0

Note. Esu: electrostatic unit (1 C=2.998 x 10° esu)
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Table 2. CO, uptakes on MOF and ZIF materials at chosen conditions

bar72] 71 Zo] oj$- rk B3], COE AHHoR Fa} - &

gl SH o= AiAl A de] AEHIL 9= PSAS] A

el FzF 2=9)t o2 242t 15~40 T2} 4~6 bar (=&7 10

bar7}A)ets AFALS 7FeFSHH[22-24], A BRAIE E g

o) FAALYLS AUAA £ AUL & 4 ek A= &

Foh3, HAAE, FAGLHR LH}0] CO, FAFL v
T

L

Wal| woRA Fol1l FHLE WeloA dg SHEARAS
o] CO, FAA A FHAL 7H T YEA S shofs) 2 4

91L& Zolth.

Z| Yaghi 150 93 Ea1% MOF-177[16]2 25 T &
22 9} 32 bar?] T2t oAl 33.1 mmol/g?] CO, SA+aF
& Urehst(Table 2), $UT FX2A0] 4 MOF-74 (103
mmol/g)2} MOF-505 (10.1 mmol/g)of| H]3] 3u] o]A; =Sk},
o]t MOF-1772] S245-2 T PCN-6X (porous coordi-
nation network) A|2]= MOF& 9] 4] PCN-68 (Cus(HO)s(ptei)-
13H,0-33dmf, ptei = 5,5'-((5'-(4-((3,5-dicarboxyphenyl)ethynyl)
phenyl)-[1,1',3',1"-terphenyl]-4,4"-diyl)-bis(ethyne-2,1-diyl))diis-
ophthalate, dmf = N,N-dimethylformamide, Sgzr=15,109 mz/g)
9] CO, Z2Fo g K 11E 304 mmollg 25 T, 35 bar)Q} GAF
3t 0] TH25]. 3 MOF-1779] CO, E&HA)5-L isoreti-
cular (IR) MOF9] &|g3}= IRMOR-1 (21.5 mmol/g), IRMOR-6

Adsorbent Designated to™: (%) (bl;r) C(rOnznlll([))lt/agl;e Ref.
Zn40(1,3,5-benzenetribenoate), MOEF-177 25 32 33.1 [16]
Zn40(1,4-benzenedicarboxylate)s MOF-5 22 1 2.1 [16]
Cus(1,3,5-benzenetricarboxylate), Basolite C300° 35 1 3.9 [26]

. 25 6 10.9 [16,27-30]

Cus(1,3,5-benzenetricarboxylate), HKUST-1

25 15 12.7 [30]
[Cr3F(H20),0(1,3,5-benzenetricarboxylate)]s MIL-100 30 48.7 18 [31]
[Cr3F(H,0),0(1,4-benzenedicarboxylate)]s MIL-101° 30 48.7 40 [31]
Nio(V,N'-piperazinebismethylenephosphonate) Ni-STA-12 i i 115 25 [32]
Zn(1,4-benzenedicarboxylate)(4,4'-bipyridine)o s MOF-508b 30 4.5 6 [33]
Mg(N,N,N',N"-tetrakis(4-carboxyphenyl)-biphenyl-4,4'-diamine SNU-25 25 1 1.49 [34]
Cr(OH)(1,4-benzenedicarboxylate) MIL-53 (Cr) 31 20 8.8 [35]
Al(OH)(2-amino-1,4-benzenedicarboxylate) Amino-MIL-53 (Al) ig 153 23 [36,37]
ﬁgﬁggﬁg?ﬁtﬁi&;ﬁ )ii2,3 triazol-4-yl)benzene, 4’-tert-butyl Cu-BTTri 25 | 304 [38]
Zn(2-methylimidazolate), ZIF-8 30 ! 0.6 [16]

30 10 5.6
Zn(4-cyanoimidazolate)(2-nitroimidazolate) ZIF-82 25 1.05 2.13 [39]
Zn(imidazolate); 13(2-nitroimidazolate)o g7 ZIF-70 25 1.08 1.31 [39]

*Taken directly from the original literature
® A commercial product of HKUST-1 by BASF
¢ Activated by consecutive ethanol and NH4F treatments
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Figure 2. A capacity of MOF-177, PCN-68, zeolite 13X and MAX-
SORB carbon for CO; adsorption at 25 C. All the uptake
values used here have been produced using data in the
supporting information[16,25].
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Table 3. CO; uptakes on MOF and ZIF materials at 25 C

CO; uptake (mmol/g) at:
Adsorbent Sger (m/ 2) Pore size (A) Pore volume (cm’/ 2) P (bar) Ref.
4 6
MOF-177 4,508~4,746 11.2 1.59 3.6 5.9 [16,41]
PCN-68 5,109 - 2.13 6.0 7.0 [25]
MAXSORB 3,370 - 1.80 6.7" 8.9 [16,42]
Zeolite 13X 488~616 11.0 0.27~0.34 5.4 5.9° [16,43-45]
Note. “ - ”: no data
*Interpolated
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Figure 3. A comparison of the extent of CO, adsorption at 22~31 C
on representative MOFs and ZIFs with conventional ad-
sorption materials (Zeolite 13X, BPL and MAXSORB) as
a function of adsorption pressure. The uptakes at 6 bar in
Table 3 were chosen here. Details of adsorption conditions
are provided in Tables 2 and 3[46,47].
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Table 4. Availability and cost of MOF and ZIF materials

Commercial production or operation | Cost®
Adsorbents
Product Proven PSA process | ($/kg)
MOFs” Y - 11,960
ZIFs® Y - 12,530
Zeolites’ Y Y 2~10
Molecular sieves® Y Y 1~5
Activated carbons Y Y 0.5~3
Note. “-” =no data; Y: yes

“Based on quotes for a 1-kg package from a supplier

°For commercial Basolite C300, Basolite A100 and Basolite F300
‘For commercial Basolite Z1200

For different frameworks such as FAU, MFI, CHA, MOR, etc
“For 4A and 5A
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