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List of acronyms and abbreviations

pu-BPA
u-BPP
1,4-BDC (or BDC)
2,6-NDC
2-amBzIM
2MI

4,4 BPDC
4,4-BPY
4,4’-SDA
4MPD
6FDA
6F-PBI
APTMDS
B

BTC

Bul
BzIM
CCS
CLC
CMS
DABA
DABCO
DAM (or TMPDA)
DBzPBI
DEA
DMF
DMPBI
DSDA
ETS

Glu

GPU
Hhfipbb
HFb

HFS
HHV
HSP
IAST
IGCC
IPA
IPCC
LANL

1,2-Bis(4-pyridyl)ethane

1,3-Bis(4-pyridyl)propane

1,4-Benzenedicarboxylate
2,6-Napthalenedicarboxylate
2-Aminobenzimidazole

2-Methylimidazole

4,4’-Biphenyl dicarboxylate

4,4’-Bipyridine

Bis(4-aminophenyl) sulphide
2,3,5,6-Tetramethyl-1,4-phenylenediamine
4,4'-(Hexafluoroisopropylidene)diphthalic anhydride
Hexafluoroisopropylidene-containing polybenzimidazole
Bis(3-aminopropyl)tetramethyldisiloxane

Bulk crystals

1,3,5-Benzenetricarboxylate

5-Tert-butylisophthalic acid

Benzimidazole

Carbon Capture and Storage

Chemical looping combustion

Carbon molecular sieves

3,5-Diaminobenzoic acid
1,4-Diazabicyclo[2.2.2]octane
2,4,6-Trimethyl-m-phenylenediamine

PBI after N-substitution reaction with 4-tert-butylbenzyl bromide
Diethanolamine

Dimethylformamide

PBI after N substitution reaction with methyl iodide
3,3’,4,4’-Diphenylsulfone tetracarboxylic dianydride
Emissions Trading System

Glutarate

Gas permeance units

4,4’-Hexafluoroisopropylidene bis(benzoic acid)
Hollow fiber

Hexafluorosilicate

Higher heating value

Hansen solubility parameters

Ideal adsorbed solution theory

Integrated gasification combined cycle

Isopropanol

Intergovernmental Panel on Climate Change

Los Alamos National Laboratory



LB

LCOE

M

M#*HFb
MEA
MM-HFbM
MMM
MOF

MS

PTMSP
PVAc
SET-plan
TED
TPX
XLPEO
ZEP

Langmuir-Blodgett

Levelized Cost of Energy

MOF-based mixed matrix membrane
MOF-based mixed matrix membrane in asymmetric hollow fiber geometry
Monoethanolamine

Mixed matrix membranes in asymmetric hollow fiber geometry
Mixed-matrix membrane

Metal organic framework
Maxwell-Stefan

Mesoporous silica spheres

Membrane Technology and Research, Inc.
Nanoparticle crystals
2-Aminoterephthalate

Nanosheets

4,4'-Oxydianiline
4,4’-Oxydiphthalicanhydride

Polyamide
Poly(3-acetoxyethylthiophene)
Polyamide-imide

Polybenzimidazole

Pulverized coal

Polydimethylsiloxane

Polyethylenimine

Polyethersulfone

Polyimide

Polymer of intrinsic microporosity
Poly(L-lactic acid)

Pyromellitic dianhydride

Poly(methyl methacrylate)

Poly (4-methyl-1-pentyne)
Polymethylphenylsiloxane
Polyoxazoline

Poly-(1,4-phenylene ether-ether-sulfone)
Poly(2,6-dimethyl-1,4-phenylene oxide)
Polysulfone
Poly[1-(trimethylsilyl)-1-propyne]
Poly(vinyl acetate)

European Strategic Energy Technology Plan
Triethylenediamine

Polymethylpentene

Cross-linked polyethylene oxide

Zero Emission Fossil Fuel Power Plants



ZIF Zeolitic imidazolate framework

List of symbols

A Membrane area

b; Affinity constant of specie i

C; Concentration of component i

Gyt Langmuir capacity constant of specie i

D¢ Diffusivity of specie i in the filler

Dy Diffusion coefficient of component i

b; Maxwell-Stefan diffusivity of component i

D;ff ‘Effective’ diffusion coefficient of component i

Dt Diffusivity of specie i in the Henry environment

Dt Diffusivity of specie i in the Langmuir environment

Dknji Knudsen diffusion coefficient of component i

Dy, Diffusivity of specie i in the matrix

d, Pore diameter

Deel Self-diffusivity of component i

F Correction factor

fi Fugacity of component i

K Interfacial equilibrium constant or partition coefficient

K Langmuir isotherm adsorption constant

Kt Henry adsorption coefficient of specie i

L Membrane thickness

M; Molecular weight of component i

Ne Molar flux of a gas species in the continuous phase of a MMM
Ny Molar flux of a gas species in the dispersed phase of a MMM
Netr Effective molar flux of a gas species in a MMM

Ni Molar flux of component i

Py Permeability of specie i in the filler

P; Permeability coefficient of component i

pi Partial pressure of component i

Pn Permeability of specie i in the matrix

qi Adsorbed amount or loading of component i in a porous material
g%t Maxim adsorbed amount or loading of component i in a porous solid at saturation
R Gas constant

R, Distance between Hansen parameters

Sjj Ideal selectivity

T Temperature

X; Mole fractions of component i

0 Separation factor

T; Thermodynamic correction factor

m2
Pa’!
mol/m?
mol/m?
m?/s
m?/s
m?/s
m?/s
m?/s
m?/s
m?/s

m?/s

m?/s

Pa

Pa’!

mol/(Pa-m?3)

m

kg/mol

mol/(m?-s)
mol/(m?-s)
mol/(m?-s)
mol/(m?-s)
(mol-m)/(m?-s-Pa)
(mol-m)/(m?-s-Pa)
Pa
(mol-m)/(m?-s-Pa)
mol/kg

mol/kg

J/(mol-K)

Pals

K



dp

B

dp

Api

b

Hansen solubility parameter to quantitatively describe the dispersion or London
interaction between two phases

Hansen solubility parameter to quantitatively describe the hydrogen bonds between
two phases

Hansen solubility parameter to quantitatively describe the polar interaction between
two phases

Partial pressure difference for component i across the membrane
Porosity

Fractional coverage of the surface in a porous material

Density

Tortuosity

Volume fraction of the dispersed phase in a MMM

Pa03

PaO.S

Paos

Pa



Table 2: Overview of the reported MOF-containing MMM s for gas separation in chronological order

M4

wt.% loading

Example (best performance)

Type of analysis

Operation
conditions
(optimal value)

(best MMM
performance)
MOF Polymmer peo, ey PCO gen o pH Gl recy AP
(Barrer) ) (Barrer) ) (Barrer) ) (bar)
14-0.7)  18.0-(3.2) - - - - Single gas CO,, O,, N,, CH,
Cu 4,4-BPDC-TED PAET 10-30 (30) 25 2
- - - - - - Gas mixture CH,/CO, (10:90)
[Cua(PFs)(NOs)(4,4° .
-bpy)s]2PFe 2H,0 PSF 2.5-5(5) - - - - - - Single gas He, H,, O,, N,, CH,4 35 1
46.7- 46.7- 79.2-
It PAI (109) 49.7-(40.4) (109) 28.3-(24.6) (191) 1.7-(1.8)
1N, -DdC ),
’ 6FDA- 1000- 1000- 743- .
(dabco)] 30 23.0-(19.6) 21.4-(19.1) 0.7-(0.6) Single gas - -
i i =
PDMS (4010) 3.4-(3.7) (4010) 10.5-(10.0) (955) 0.2-(0.2)
10-40(30, 10, 2500- . 2500- . 550- .
PDMS 40) (2900)° 3.1-(3.6) (3050)° 7.0-(8.9) (900)° 0.2-(0.4)
HKUST-1 ™ o8
PSF 5-10(5,10)  6.5-(7.5)" ey 6.5-(7.5)"  20.0-(25.0) . 1.5-(1.9)" Single gas H,, CO,, O,, N,, CH, - -
(21.5) (15.0)
Mn(HCOO), PSF 5-10(10,5)  6.5-(7.0)"  18.0-(9.5)"  6.5-(7.0)"  20.0-(25.5)" (19655-)’ 1.5-(1.6)"
'0";%)(20’ 73-9.9)  34.7-27.6)  7.3-9.9) 33.1-(31.9) (1270'53') 2.4-(2.0) Single gas H,, CO,, 05, N,, CH,
Cu-44-BPY-HFS  Matrimid® Gas mixture 35 2
ueA B atrimi " 363-205) 26.2.6) H,/CO, (50:50, 75:25)
: ’ R CO,/CH, (50:50, 10:90)
CH,/N, (94:6, 50:50)
. 10.0- 33.1-
Matrimid® 20 (38.8) 28.2-(29.2) - (114.9) 3.3-(3.0)
IRMOF-1 e
Ultem® 10, 20 (20) 2.0-3.0)  30.3-(26.3) - a ¢ 9') 5.7-(5.7) Single gas H,, CO,, CH, 50 7
. 10.0- 33.1-
HKUST-1 Matrimid® 30 @1 28.2-(29.8) - 66.9) 3.3-(3.0)
MOF-5 Matrimid® 10-30 (30) 2.0- 41.7-(44.7) 9.0- 36.0-(38.8) 24.4- 2.7-(2.7) Single gas H,, CO,, O,, N,, CH. 35 2
(20.2) : ’ (20.2) : : (53.8) VT P H T




Gas mixture
H,/CO, (75:25, 50:50, 25:75)

30 ; 38.0-(29.0) - - - 23-23) CH./N, (94:6, 50:50, 25:75)
CO,/CH, (10:90, 50:50, 25:75)
1,2,
ZIF-8 PPEES 10-30 (30) 6-(25) - 6-(25) - - - - 30 3,5,
7,1
4.5
Cu 1,4-BDC PVAc 15 2.4-(33) 349-(40.4) 24-33) 32.1-354) - - Single gas He, CO,, O,, N,, CH, 35 (g)'rl
CO,)
39.7- 28.9- Single gas H,, CO,, O,, N, CH,,
20-60 (50) 9.5-(4.7) (124.9) 9.5-(4.7)  30.6-(26.2) (18.1) 3.0-(3.8) C.H,
ZIF-8 Matrimid® Gas mixture 25 2.7
50-60 (50, )
60) - 42.1-(89.2) - - - 2.6-(7.0) H,/CO, (50:50)
CO,/CH, (10:90)
10.0- 11.0- Gas mixture
HKUST-1 Matrimid®  10-30 (30) (1757 18.0-24.0)° (185  23.5-(24.5) - - CO,/CH, (10:90, 35:65, 75:25) 35 10
(GPU) (GPU) CO4/N, (10:90, 35:65, 75:25)
PMDA- 306.6- . 306.6- . 3066- .
HKUST-1 ODA 3-6 (3,6) (227.2) 12.0-(7.0) (227.2) 8.0-(5.5) (4445) 10.0-(27.8) Single gas H,, CO,, O,, N,, CH, 25 10
Ultem® 1.4-(2.9)" 38-(39)" - - - -
L 7.5- . Single gas CO,, CH,4 35 4.5
Z1F-90 Matrimid® 15 (10.5)° 34-(35) - - - -
6FDA- 390- . .
DAM (720) 24-(37) - - - - Gas mixture CO,/CH, (50:50) 25 2
ZIF-20 PSF 8 - - - - - - Gas mixture O,/N, (50:50) 35 2
8,16, 25,40 L3,
NH,-MIL-53(Al) PSF ’ (’25)’ 2.0-(2.4) 45-(117) - - - - Gas mixture CO,/CH, (50:50) -10, 35 5,7,
10,13
3.7 8.7-(14.9) Single gas H,, CO 35 3.5
(262) . . gle g 25 2 .
35, 60,
ZIF-7 PBI lo’égs 30 - - - - 80,
75-(440)" 8.5-(7.2)" Gas mixture H,/CO, (50:50) 120, 7
150,
180
16+0, 8+8 4.6- 5.9- Gas mixture
ZIF-8 + S1C PSF ’ 24.3-(19.8 24.6-(19.5 - -
(16+0) (12.1) (19.8) (12.3) (19.3) CO,/CH, (50:50) 33 2

CO/N; (50:50)




16+0, 8+8

0,/N, (50:50)

HKUST-1 + S1 4.6-(4. 24.3-(22.4 9-(8.4 24.6-(38. - -
Us S1C (848) 6-(4.9) 3-(224)  59-84) 6-(38.0) H,/CH, (50:50)
10.0- 11.5-
HKUST-1 (17.5)" 18.5-(23.0)" (19.5)" 18.0-(23.5)" - -
(GPU) (GPU)
10, 20, 30 10.0- 11.5- Gas mixture
ZIF-8 Matrimid® ’(303 (22.5)" 18.5-(19.5)" (20.0)" 18.0-(19.5)" - - CO,/CH, (10:90, 35:65, 75:25) 35 10
(GPU) (GPU) CO,/N, (10:90, 35:65, 75:25)
10.0- 11.5-
MIL-53(Al) (20.0) 18.5-(22.5)" (20.0)" 18.0-(23.0)" - -
(GPU) (GPU)
10, 20, 30 54- 54- 6.7- Single gas 10, 20,
ZIF-8 PPEEs (30) (50.0) 22.9-(20.8) (50.0) 30.1-(24.5) 92.3) 1.3-(1.8) H,. CO,. 05, Ny, CH,, Gy, GHy 30, 40 1
Single gas C;Hg, C3Hg 2
; 1.4,
ZIF-8 6FDA 16.4,28.7, 48 ) ) ) ) ) ) . 35 58
DAM (48) Gas mixture C;Hg/C;Hg (50:50) e
5.5
MIL-101(Cr) 8, 16,24 - - - - - -
MOF-508a(Zn) PSE - - - - - - Sinl ooN
MIL-53(Al) 8 - _ i . _ ] ingle gas O, N, 30 3
MIL-100(Fe) - - - - - -
14.5- " .
Q1.0 48.0-(44.0) - - - - Single gas CO,, CH,
MIL-53(Al) 25 s
6FDA- 1.0y 42.0-(42.5) - - - - Gas mixture CO,/CH, (50:50)
35 10
ODA 14.5- .
10, 15, 20, (14'7)* 48.0-(76.0)" - - - - Single gas CO,, CH,
NH,-MIL-53(Al) 25,30, 32, 35 14'5
(32) a 4'7;,, 42.0-(53.0)" - - - - Gas mixture CO,/CH, (50:50)
14.0- . 25, 30,
- - (26.0) 30.0-(36.0) - - Single gas CO,, N, 6.7
(GPU) 35,45
ZIF-8 Ultem® 10, 13 (13) 57
) ) (26.0)" ) ) . ) 25, 35, o
(GPU) (32.0) Gas mixture CO,/N, (20:80) 45 éi,
PMDA- 0.30- 0.30- 0.35-
MIL-53(Al) ODA 5 0.21) 72.1-(50.5) 0.21) 34.8-(27.5) (0.42) 1.1-(2.0) Single gas He, H,, CO,, N,, CH, 25 6
(GPU) (GPU) (GPU)




0.30- 0.30- 0.35-
MOF-5 (027)  72.1-(56.8)  (027)  348-(141)  (0.24) 1.1-(0.9)
(GPU) (GPU) (GPU)
0.30- 0.30- 0.35-
HKUST-1 032)  72.1(73.6)  (032)  348-38.1)  (0.44) 1.1-(1.3)
(GPU) (GPU) (GPU)
ZIF-8 Matrimid® 10, 25 (25) (12272) 34-(39) . . y . Single gas CO,, CH, 35 45
- 5, 10, 20, 30, 8.1- 8.1- 32.7- .
ZIF-8 Matrimid® >, 000 (6s  BEE®  oe 24090 (5T 4.0-(3.9) Single gas Hy, CO,, O,, N, CH, 22 4
14.4- 44.1-(46.1) - - - - Single gas CO,, CH
Ui0-66 (50.4) o860 gle gas CO,, CH,
- 41.7-(42.3) - - - - Gas mixture CO,/CH, (50:50)
14.4- :
. 44.1-(51.6 - - - - Singl CO,, CH.
NH,-Ui0-66 (13.7) CLo ngle gas €O-, M
- 41.7-(44.7) - - - - Gas mixture CO,/CH, (50:50)
14.4- .
- 44.1-(51.2 - - - - Singl CO,, CH.
HKUST-1 6532 25 (21.8) (51.2) mete gas -, T 35 10
- 41.7-(50.7) - - - - Gas mixture CO,/CH, (50:50)
14.4- .
44.1-(59.6 - - - - Singl CO,, CH
NH,-HKUST-1 (26.6) (59.6) ingle gas CO,, CH,
- 41.7-(52.4) - - - - Gas mixture CO,/CH, (50:50)
14.4- .
44.1-(15.0 - - - - Single gas CO,, CH.
Ui0-67 (20.8) (15.0) ingle gas CO,, CH,
- 41.7-(15.0) - - - - Gas mixture CO,/CH, (50:50)
18, 20, 29, 3.7-
PBI 34,59 (29) - - - (105.4)y 360123 ,
Single gas H,, CO, 25 3.5
10,20, 33 ] ] ] ] 21-89)  62-9.5)
ZIF-8 (10) (GPU) (GPU)
PBI/ 25, 80,
Matrimid® 10, 20, 33 (65.4) (12.3) . ) 120,
(10) - - - (GPU) (GPU) Gas mixture H,/CO, (50:50) 150, 7
180
6FDA- 211.4-
ZIF-8 DAM:DAB 20 - - ) 21.3-(19.3) - - Single gas CO,, N, 30 1.4
(553)
A 4:1
- - - 4.1- 8.9-(12.0) Single gas H,, CO 35 3.5
(825) . . gle g 25 2 .
ZIF-8 PBI 30, 60 (30)
Gas mixture 35, 60,
- - - - (470) (26.3) 120, 2

H,/CO, (50:50)

180,




H,/CO,/CO (49.5:49.5:1) 230
6.5
ZIF-7 Pebax®  8,22,34(22) T72-(l11) 14-(30) 72-(111) 34-(97) - - Single gas CO,, N, CH, 20 (ijrs
CO,)
138,242, 4390 4390 1630 Single gas He, H,, CO,, Oy, N
- - - ) 2s 2s 25 25
ZIF-8 PIM-1 32(‘;; %?‘o @00 MAD a0 244080 Glr 0.4-(1.1) o 20-22 1
HKUST-1 - - - - - -
. 5, 10,
FeBTC P&4 20 - - - - - - Gas mixture C,Hy/ C,Hg (80:20) - 15
MIL-53(Al) - - ; - - ;
HKUST-1 P84 ]O’égs 40 - - - - - - Gas mixture C,H,/ CHj (80:20) - 3 ’1150’
10, 25, 45 4.1- .
(45) - - - - (24.5) 8.9-(25) Single gas H,, CO, 35 35
ZIF-90 PBI 35, 60,
45 - - - - (226.9) (13.3) Gas mixture H,/CO, (50:50) 18206 7
180
10, 20, 30, 68.7- . 68.7- . 75.0- \ .
HKUST-1 PPO 40, 50.(40) (115 16.4-(34) (115 16.0-(26) 1oy 1.1-(1.0) Single gas H, CO,, Ny, CH, 30 -
6FDA- 468.5- 468.5- 518.5-
durene (s5529) PEULD 5559y B4 5135 110D
ZIF-8 6FDA- 333 Single gas H,, CO,, O,, N,, CH,4 35 3.5
durene 0.4- 0.4- 52.1- 130.3-
(cross- 23.7) (16.9) 23.7) (11.9) (283.5) (12.0)
linked)
6FDA:DSD
A- 0,5, 10,15 57.9- 90.1-
AMPD:4.4° (15) 665 ~ 3>1369) - - (100) 1.6-(1.8)
NH,-MIL-53(Al) -SDA 1:1 Single gas H, CO,, CH, 35 3
6FDA-
o 134- 169-
4MPD:4,4 10 a3y 302072 - - (179) 1.3-(1.3)

-SDA 1:1




6FDA:DSD

A- 57.9- 90.1-
aMpDag %1000 (709) 35.1-(41.6) (114) 1.6-(1.6)
NH,-MIL-101(Al) ~ SPA LI
6FDA-
AMPD:4,4 10 (113541') 30.2-(29.6) (116991') 13(1.3)
-SDA 1:1
5000- .
- - 3-(13) Single gas H,, CO,
5, 10, 15, 20, (11000)
NH,-CAU-1 PMMA 25 (1) RT 3
- - - 2-(10)" Gas mixture H, CO, (-)
MIL-68(Al) PSF 4,8(8) 54-(47)  31.1-(36.5) - - Gas mixture CO,/CH, (50:50) 35 2
HKUST-1 PLLA 5 - - - - -CO,, 0, 23 -
6FDA- sal.
durene 20 (1090) 13.1-(13.0) - -
(400 °C)
6FDA- (;05
durene:DA 5,10, 15, 20, 256- 19.5-20.9) ) ) o
BA 9:1 30, 40 (40) (779) : : Single gas CO,, CH,, CsH,, C5Hg 35
C3H6
(200 °C)
and
ZIF-8 6FDA- C;Hy)
durene:DA 429-
BA 7:3 20 (698) 2004238 - -
(400 °C)
6FDA-
durene:DA 305- . .
BA O:1 20, 40 (20) (728) 13.8-(19.6) - - Gas mixture CO,/CH, (50:50) 35 20
(400 °C)
6.2-(9.2 31.0-2.1 - - Single gas CO,, CH
Matrimid® 15 62 @D nee el e T
- 28.5-(2.1) - - Gas mixture CO,/CH, (50:50)
1.5-(3.0)  39.5-(36.2) - - Single gas CO,, CH,
Ultem® 15
NH,-MIL-53(Al) - 31.6-(36.1) - - Gas mixture CO,/CH, (50:50) 35 10
6FDA- Ml 3534 - - Single gas CO,, CH
ODA:DAM 15’583 22 (51.2) S-G4D) gle gas CO,, CH,
1:1 - 23.6-(31.8) - - Gas mixture CO,/CH, (50:50)




130.0-

o SiPSAM 10, 15, 20 (13 232082 - - - - Single gas CO,, CH,
: 15
1:4 (15) - 23.6-(28.5) - - - - Gas mixture CO,/CH, (50:50)
(3528.25-) 18.9-(36.6) - - - - Single gas CO,, CH,4
Gas mixture
opEDA L 15.20,25, CO,/CH, (10:90)
L 30, 32,35 CO,/CH, (35:65) 3035 L.
(APTMDS) (30) - 20.2-(33.9) - - - - CO,/CH, (50:50) 45, 60, {16)
CO,/CH, (60:40) 75 -
CO,/CH, (80:20)
CO,/CH, (85:15)
6.2-(6.7 31.0-(9.4 - - - - Single gas CO,, CH
Matrimid® 15 ©7 el geem T
- 28.5-(8.5) - - - - Gas mixture CO,/CH, (50:50)
1.5<(1.8)  39.5-(43.1 - - - - Single gas CO,, CH.
Ultem® 15 (1.8) ( ) glc g 2 4
- 31.6-(42.8) - - - - Gas mixture CO,/CH, (50:50)
o SiDSAM " (5641' 15) 23.5-(12.5) - - - - Single gas CO,, CH,
MIL-53 1:1 - 23.6-(13.0) - - - - Gas mixture CO,/CH, (50:50) 35 10
5 S/I;D[?AM s 15350)‘ 23.2-(18.1) ; ; ; ; Single gas CO,, CH,
1:4 - 23.6-(19.1) Gas mixture CO,/CH, (50:50)
6FDA- (3726%1-) 18.9-(8.9) Single gas CO,, CH,
ODA:DAM ’s i
1:1 .
(APTMDS) - 20.2-(8.8) - - - - Gas mixture CO,/CH, (50:50)
7-(17) 36-(64.6 - - - - Single gas CO,, CH.
TKL-107 Matrimide > 10;20,30 ) (646) il 25 2
(20) 6-(15)" 24-(50.3) - - - - Gas mixture CO,/CH, (20:80)
380-
XLPEO 10 - - (250) 22-(25) - -
6FDA- 650- .
CPO-27(Mg) TMPDA 10 - - (850) 14-(23) - - Single gas CO,, N, 25 2
3100-
PDMS 20 - - (2100) 9.5-(12) - -
Gas mixture 35, 60
Silica-(ZIF-8) core- 8, 12, 16, 20, 11.8- . 35.0- , o
shell PSF 32(32) 731y 10.2-(5.5) - (224.1 3.4-(3.9) H,/CO, (50:50) 901,é30, 2

CO,/CH,4 (10:90, 50:50, 90:10)




35, 60,

90, 120
5,10, 15,20 .
> 10, 15, 20, 351- 351- Single gas
7 i 7 i i i CO,, 0,,N,, CH =
25,(22335 1287) 8.3-(9.0) (128 33.8-(32.3) 0. N, CHL RT 2,6
ZIF-8 Pebax® 5 10.15.20
25,30, 35, - - égg} 66-(53)" - - Gas mixture COy/N, (10:90) 25 15
40, 50 (25)
. 5,10, 15, 20 6.4- .
MIL-53 Matrimid® as) (12.4) 28.2-(51.8) - - - - Single gas CO,, CH, 35 3
ZIF-8 - - - - - - Gas mixture
H,/CH, (50: 2
NH,-MIL-53(Al) PSE 8 - - - - - - 02/ /CN “((55(;)_ 55(;))) 3
2 2 .
[Cd,6FDA(H,0)1,5 6FDA- 20.6- 20.6- .
HO ODA 10 378) 33.1-(44.8) (378) 26.4-(35.1) - - Single gas CO,, N,, CH, 25 2
5, 10, 15, 20, 100. _ 24,
MIL-53(Al) PMP 25, 30, 35, 40 - - - Gesy O11-0.04) Single gas H,, CO, 30 s
(30) .8
357,10,  14683- ) 7y 14083 s 4170 ] ; Single gas CO,, Oy, Ny, CH RT 2,6
ZIF-8 gi?eﬁé 1. 20,30 (2185.5) 6-(71) 51855 4-(17.0) gle gas ©0a, Co, Mo, CHu S
(30) . - - - - - Gas mixture CO,/N; (10:90) 25 1.5
16+0, 12+4, .
NHZ—Ml\I/[Ié—SSS(AI) + PSF 848, 4112 } ) ) ) ) R Gas mixture
(4+12) 0y/N, (50:50) 35 2
NH,-MIL-53(Al) + . 8+8, 4+12 H,/CH, (50:50)
MSSs Matrimid® (4412) - - - - - _
Matrimid® 15 ’égs % 48-(3.9)  100-(107) - - - - 9’3255 ’ 93’ 15 ;
NH,-MIL-53(Al) ’
PSF 15,20, 25 52-(5.4)  23.0-(27.5) - - - - 35 3
(25) i i i : Gas mixture CO,/CH, (50:50)
Matrimid® 8, 15,25 (25)  4.8-(3.0) 100-(98) - - - - 9’325 ’ 93’ 15 ;
NH,-MIL-101(Al) 5 .
PSF 8,15,25(25) 5.2-(8.4) 23.0-(28.5) - - - - 35
- Single gas O,, N 2
ZIF-8 6FDA 17,30 (17) ; ; ; ; ; - STEEE Ty 35
DAM Gas mixture C;Hg, C5Hg (50:50) 1.4
ZIF-8 s 9-(26)* 34.5-(35)" - - - -
ZIF-7-8-(20) Matrimid® 9-(20)°  34.5-(35.5)" - - - - Single gas CO,, CH, 35 3.45
ZIF-8-ambz-(15) 9-(12)" 34.5-(36)" - - - -




ZIF-8-ambz-(30) 911"  34.5(38.5) - . . -

ZIF-7-8-(20) 8-(19) 43-(41)" - - - - 6.9,
ZIF-8-ambz-(15) B4 43-(40) - : - : Gas mixture CO,/CH, (50:50) - ¥
ZIF-8-ambz-(30) 8-(11y  43-(42.5)° - - - - 414

. . . 2-40
14-(14) 55-(35) - - - - Single gas CO,, CH, 35 (40)
FeBTC Matrimid® 10, 20, 30 —
14-(8.2)" 22-(28)" - - - - Gas mixture CO,/CH, (50:50) - 5
10, 20, 30 6.2-
PBI-Bul 30, 23452)  ST0436)  2352) 268(160) 77, 2.7-(4.2)
DMPBI- 10, 20, 30 3.8- 3.8- 12.8- .
ZIF-8 Bul 30, Ghey  VI2OSD Gy 207013 0y 34-2.4)  Single gas He, H,, CO,, N,, CH, 35 20
DBzPBI- 25.8- 25.8- 61.4-
Bul 1020000 'e 159016 o 129-143) it 24420)
5, 10, 15, 20, (395555) 8.8-(24.4) - - - - Single gas CO,, CH, , 4
NH,-MIL-53(Al) PMP 25, 30, 35, 40 30 1'_ 30 6, 8’
(30) (339.5) 8.1-(22.9) - - - - Gas mixture CO,/CH, (10:90)
MIL-53(Al)-ht 33(‘33; 35;5 84-(51) 39.4-(47.0) 84-(51) 33.6-(28.3) (2150;) 3.1- (2.0)
Matrimid® . 5.7 Single gas H,, CO,, O,, N,, CH, 35 2
MIL-53(Al)-as 37.5 8.4-(40)  39.4-(90.1) 8.4- (40)  33.6-(95.2) (66 0-) 3.1-(1.7)
¢-MOF-5 PEI 5,15,25(25) 1.7-(54) 18.7-(234) 1.7-(54) 16.8-(28.4) (12%' 13') 6.0- (5.3) Single gas H,, CO,, N, CH, 25 6
10, 20, 30, 1.1- " .
HKUST-1 Ultem® 35.4005)  LT@D 36806400 L 28.0-280) - - Single gas CO,, 05, N, CH, 35 3.5
ODPA-
DAM 10, 15, 20, 477
(annealed 30, 40, 50 (266 7 29-(28)" - - - -
200 °C (40) :
HKUST-1 24 h)
Matrimid®
(annealed 7.6- .
200 °C (24.8) 37.5-(37.8) - - - - Single gas CO,, O,, N,, CHy 35 2
24 h)
ODPA- 20
DAM 47.7- .
ZIF-8 (annealed 134y 29-(26) - - - -
200 °C

24 h)




350

for
. C;H,,
10, 20, 30 959- 959- 756~ Single gas H,, CO,, O,, N, CHy,
p— 20) @osy 164128 ghee 147029 0% 0.8-(0.6) O, CH, CoHe Cotl 35 C.Hs,
ZIF-71 durene C;Hg
and
CSHS)
10, 20, 30 917- : .
20) (3435) 21.8-(16.0) - - - - Gas mixture CO,/CH, (50:50) 35 7
[Cuy(Glu)y(p- 28- .
- - * 1-(55 - - 3.1
bpa)]-(CH;CN) o 5,10, 15,20 (11.6) ) Single gas CO,, N, -
[Cux(Glu)y(p- s ) ] 28- 1-(7)* ; - 0.4
bpp)]-(C;HsO0) (16.0)
MIL-53(Al) 14-(24) 55-(66)" - - - - 25,5,
ZIF-8 14-24)" 55-(72)" - - - - 7.5,
10,
Single gas CO,, CH, 11255’
HKUST-1 - 10, 20, 30 14-(18) 55-(52) - - - - s 20,
(30) 25,
30, 40
MIL-53(Al) 9-(18)" 5-(40)" - - - - 25,5,
ZIF-8 2-(20) 3-(37) - - - - Gas mixture CO,/CH, (50:50) 713 ;
HKUST-1 9-(14)" 5-(46)" - - - - 15 éO
PSF 4.7 - - - - - - ] ] .
PES 47 - - - - - -
ZIF-11
16.1,29.7, 17.2- . -
PBI 395 (39.5) - - - (464.7) 5.0-(3.6) Single gas H,/CO, RT
b-Cu 1,4-BDC 8 58-(5.2)  59.8-(45) - - - - 345
ne-Cu 1,4-BDC 8 5.8-(5.0)  59.8-(49.4) - - - - 6,75
ns-Cu 1 4-BDC Matrimid® 2,4,8(8) 5.9-(2.8)  47.7-(88.2) - . R ) Gas mixture CO,/CH, (50:50) 25 3,45,
6,7.5
ns-Cu 2,6-NDC 8 5.8-(6.3) 59.8-(43.5) - - - - 3
25.7-
ZIF-8 100 nm (15.6) 19.4-(28.5) - - - -
(GPU) .
PSF Single gas CO,, CH,4 27 4
25.7-
ZIF-8 300 nm (25.9) 19.4-(5.8) - - - -

(GPU)




25.7-

ZIF-8 500 nm (28.1) 19.4-(5.8)
(GPU)

- - Single gas C;Hg, N, - 1.5
2.5,5,10,15 02
ZIF-8 PDMS T ) ] Gas mixture C3Hy/N, (10:90, gg 4212 ég
20:80, 30:70, 40:60) 55 35,
4.5

Results with * are calculated from graphs.




