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Figure 1. Schematic illustration of ZIF-8 membrane synthesis from
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Figure 4. SEM images of mixed linker ZIF-8 crystals with 2,4-dmlm
(@) 7 0%, (b) = 2.5%, (c) 7 3.5%, (d) ~ 6%, (e) ~ 10%, (f) ~ 14% and
() ™ D00G +rrrersresessess e e s 16
Figure 5. XRD patterns of mixed linker ZIF-8 crystals with 2,4-dmlm
(a) 7 0%, (b) ~ 25%, (c) = 35%, (d) ~ 6%, (e) ~ 10%, (f) 7 14%, (g) ~
20%, (h) ~ 26% and (i) ~ 350G rsrrrsrrrsserssemsserisssisssiiis e 17
Figure 6. N, isotherm of mixed linker ZIF-8 crystals with 2,4-dmlm
(a) 7 0%, (b) ~ 25%, (c) ~ 35%, (d) T 6%, (e) ~ 10%, (f) ~ 14%, (g) ~
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Figure 7. SEM images of a-Al, Oz support with ZIF-8 seed layer ---- 22
Figure 8. SEM images of ZIF-8 membrane from secondary growth (a)
~ 0%, (b) ~ 10%, and (C) ~ 2006 wwwesrreemssseseemiresismmissiniseni s 23
Figure 9. SEM images of ZIF-8 membrane from 5th growth (a) ~ 10%,
(B) ™ 2096, and (C) ~ 06 woesressesssmssssimsisssmssssissssssssmsssssisssssisssssssnssssssssssss 2
Figure 10. XRD patterns of mixed linker ZIF-8 membranes with
24-dmlm (a) ~ 0%, (b) = 2.5%, (c) = 3.5%, (d) ~ 6%, (e) ~ 10%, (f) ~
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Synthesis of mixed ligand ZIF-8 analogue membranes and their gas

separation performance

Un Ji Kim

Department of Chemical engineering, The Graduate School,

Pukyong National University

Abstract

A mixed linker approach is one of effective routes to fine—tune separation
properties of MOFs by involving two or more ligands in a single framework.
In this contribution, we attempted to synthesize mixed ligand ZIF-8 analogue
membranes by adding 2, 4-dimethylimidazole (dmIm) into ZIF-8
(Zn2+/2-methylimidazole), aiming at adjusting molecular sieving effect of a
ZIF-8 membrane. Gradual addition of a secondary ligand (dmIm) resulted in
reduction in gas permeance presumably due to framework densification and/or
reduction in pore aperture, accompanied by significant improvement in
molecular sieving efficiency of a ZIF-8 membrane. Detailed results will be
presented. Noticeably, a analogue membrane including dmim exhibited
remarkably high oxygen/nitrogen separation factor of ~7, and olefins
separation factor of 725, which is two times higher performance than the

currently reported membrane.

_ix_



A&

A7 wey B =7

1.

|

2] (ol &/oll &

i=]
RS

3t Aol Lels/seane)

A
&y

o
=

el
or

3}

i

53
Bl

H)
.
)
™
)

—_
10

23!

=
)
\W
™
2

o)
B

A BA A AAE

o
N in

a1, o

A A8

H2 AlSEel 3

o B4 sdd AA d5= AFgol Ho 3AFH 7

Fol wel e BneE

b ol [2] 2 g gane

)

ey A
Tgol A

<]

B/

e

X
oo
;OL
B

—_
0

o
it

7}

=
[€)

mK

I

—~
o

iz

wjr

2]

9/]

<& ¥ /32

st H A, 98 A R AAME 5

z
ol
pjo

wK

o

beb (3, 4] 1y

E ggg 3

(>99%)

y

A

L
=

=

<A/, Ny/O,

272)

Z] &

d

1920t o] 78 @A 7EA

i

171 W&o oy &7} A3

|~

]

ki3

ok [5, 6] weEbA =

—
pu



)
=

<0
)

o

i)
T

et

7]

)

T

A (Metal-organic frameworks, MOFs)+

3L o
[¢)

A}
2]

Fo T,

o

s

o

= o

=4dolt}. MOFs

sttt [8] whebA

S

Ll

Al ohFA (<2nm)

-
s

£-71=2Z]

= MOFs

el T~ AolA T nm=E ZAo] 7}

<]

Ao

=

=3

¥} Langmuir
7] WA 4ol

R

£

et
el

<0
o

o

ZIFs7} 714

(Zn*" = Co?h)¥} o]m|t}

=

KeR

| Zeolic-imidazole frameworks,

L
7% ol

o

-

R

bl 2

&t ZIFs

[<]

[e)

[}

1, MOFs9

[

2] o
7ol w¢ Agorw FTAHAU. ZIFs

A=
=
| =]
RLe

o}

dr

dEeE =

s}

1

27

o] vt} &

1
T

A E(<BA) o=

HAl Z=ARS AL

<]

IR RE
)

[

DR R

i=]
RS

A

MOFseo|| H]
A

=

R

o}
A2 7]

1
T

t}. w3 ZIFs



22 FAE o ¥ #AS =i v [9]

% ZIF-82 27F opd ) 2-vdomtpEoe] wiel ZAdste] JAdE te i
=242 40-42A999 & 71 271015 7HAa QA o] g z=d
A/ZZG Atole] Av]olvh, whebA] eI/ ZRo FHstA vt

otk [11] 28y 28 MOFsES 543 F79 72~ &
= AelA @AZE vebdth olH g dAHS A8 96t

F4 A B R7] GREE Aol 1T as]e 23S musgrh £

L

T oA AT PANe wd FAAN F ) olgel eusE m@se
MOFse| #e] 54¢ uld 243k avbdel =2 3 shtolth [12] =
@ 04 Foune ¥ e #4428 b A AARE Q4

e e Q4 Ul eln T owAZE dAst 44 Aol AAE

o
e
°x
)
)
iR
)
S
>,
o
ri
o,
_ﬁ
2,
i
_I_z

o
RS
o

o
B
>
o
L

M,
o)
M

guts dAdske Tled %S A 7] wWEel ols e wEL

o] 22+ A WS Algste A ZIF-8 wow Zadal/2a g 7ha
2] 45 (C50GPU)S BTt [13] 7 HAl= o34 AAAE MOFs
ol =% SHAA AXA HFEeE e oA AA
37 2N 4% 4 F2 Wy (Rapid thermal deposition, & RTD)
ojty. of W vy F2 AHEFA Bl 9 MOF, HKUST-1 %
A = g

ZIF-80] A%How & AT $e ANY 5 9 37

-1 ’



=

(it

Ryl
H

)

ol o
s F

o}
-

7FA1 9] ZIF-8

1)

ToR
ol
)

A9l o

=

RE opy e} 3}shak e ol A

LN

HH

1)

=23

A

;OL
B

el



o. 23 44

1. Ax 2 Al

B AL A5 2 Al eF2 Poly(vinyl alcohol)(PVA 500, 94F =
glop), S, AAHINO;, 99%, WA stE), dF v 2 2(CR6, Baikalox
USA), Zinc nitrate hexahydrate(Zn(NO3)o-6H-O, 99%, Sigma aldrich),
Zinc acetate hexahydrate(Zn(CH3CO»)2-2H20, 99% , Sigma, aldrich),
2-methylimidazole(CH3C3H>NoH, 99%, Sigma aldrich),
2.4-dimethylimidazole(CH;CH3CsHoNoH,  95%, Sigma  aldrich), &2
(CH;0H, 99.5%, WA3}sF), NN-Dimethylformamide anhydrous(DMF,
99.9%, WA3}lE), N,N-Dimethylacetamide anhydrous(DMAc, 99.5%,
SAMCHUN), Chloroform(CHCls, 99.5%, SAMCHUN), Silicone Elastomer
base(Dow silicones corporation), Silicone Elastomer curing agnet, (Dow
silicones corporation)o]™, == 318t B F7} AA Qlo] IR ALE

= A,

A= B[A J7E T F 85ToA 117 302l urket A s+
o 1AIZE 302 ¥, =Y e s 1l wikE AlEEs A=A bel



110

=
=

2] A A

ko3

=
o7 2t} Zine

Ay A [15, 16]
8000rpm©]

3}al 2-methylimidazole

S

3

o}

oA AA

Q

[}

3 2t 10g CR6 3H$-tish A

o

-

dhzle} WAL S o] 83le] £ Yol vl §l=
8mL < F59l

[e)

=

=

&oto] 4TeA ¥ B

)
=

i
3.1 2z A& ¥ (Secondary growth)

3. ZIF-8 &3 1 34

)

3 gy AAA Az FAE o
A Z3E PVA €9 1ImL

-
T

T

T
oF
=

-

0ColA 2A1%F &<t 44
nitrate hexahydrate 1.17g

woON
3

0
iop- o
o
= B
oy ﬂ
= ML

wA
o r
oW
No ol
X0 N
o 5
oM
= Z
m
Wy

e
5 3
Tyl e
I

wa
il X
<E A
o T
o) o
Ho 3
o o
S o



3 DMF £9< 40mL A Ea 208 59 2259 HaA I S48 &
MG 0.04336wt% = S|AAZ F FA Ao R o] &gttt HdH FA &
NG ot dFuf A A 102 T © ZWIIL 1100TNA 6A1F &
oF 223t I A v 9 ZLEEE 5C/min o|th o] F ZIF-8 ¥
A ARow ”E AAAE ZIF-8 e §4 Al AbgEt

2z A WS ¢Jél Zinc  nitrate  hexahydrate  0.11g¥}
2-methylimidazole 2.27¢2 Z+Z} 20mL SF<ol &3fa] =x|stt}y. =x%
e gdo F& A Y 38 F<eF 500rpm FEol Al mREAIZITH

A5 HEE S E AMESt] HEZE 2ol
FAo R wAGH. HEE golvd & {45 60mLA vro] ¥, 2

120Cel A 6A1%F ZEdaliF=3lth. 7tdol € %
LEZYIEE A2oA FEd] AdE F AXAE 7AdH. A3 AAA
£ 120mL W&o Y3 100rpmo. & L H|E oA A 12417 o] A

gk ANe & 3 HEeE 2F 442 F 48 WRIAFD v

R

aw

=

o At A S A 2ol 12413 o) AR AR F e 22
A 90T = 12A] 3F ZFEX A =% H 7 W2

2-methylimidazole:2,4-dimethylimidazole=100:0,  70:30, 50:50, 40:602]
mol%s H&E YT §Ae Fulstel 1 FUE WHom Fystd

27} A WS o] &3k ZIF-8 o d4 9 L= Figure 19 o} 9l

o



. N—
9o [ .-
/_HL el

RN S

L‘({’j‘/‘\ ]i’ )

,,Y';-
ST

R ne eivae ~?’/"1\s’1"~ v
ST G
\\Nk\ SN : ) \\{-){_{[f& _,’_.\)‘ o "? ?)’f‘\ ?‘L){\wi;';l“\?‘ ..,?'Y

Dip-coating of precursor Secondary growth (120°C, 6hr) MOF(ZIF) membrane

Figure 1. Schematic illustration of ZIF-8 membrane synthesis from

secondary growth method



32 3% 9 & 94 (Rapid thermal deposition)

o] A4 WA= Zinc acetate hexahydrate 0.33gS 10mL <o &
2o A) 2-methylimidazole 0.257gS 10mL DMAc®t bmL <

3l A171aL (
EfAA (&4 B) +=Hg 20mL wheold Wel] &< A Iml,

F4ol
DMAc 2ml 183 €94 B 3mLE AFo|EE o] &slo] g2 YolF

i 350rpm =R WHkAIZITE wub F 5% B 25y BAAA J|EE

2-methylimidazole:2,4-dimethylimidazole=100:0, 90:10, 70:30, 50:502]
molos ¥& e Sele Fwlslel A9 BUT wow PN

)
3 e o g ZIF-8 o

g

F& o =3 stAl o] 7=+ Figure 20 ¢
At [14]



NP

I‘
b o~ 32 ] ol

\.-:=. T T || @Rk

vt 20 J(E PANY 5. urrw,/ @] 7 “‘—’{ J*
Capillary suction of precursor Thermal evaporation of solvent MOF membrane

Figure 2. Schematic illustration of ZIF-8 membrane synthesis from

evaporation induced rapid thermal deposition

_’lo_



4. ZIF-8 3% 349 A g Ao

2 PDMS ZH AYL 7]E Haud BHHs Faustel At [17]
10% s%° PDMS &<& PDMS 4 A &9 PDMS Z4stA B &9
= 10:1 ¥]€ = 433 n-heptane &o] 10wt% = =9It} A4 3A7F
&<t 500rpmel] A o

& FToA 1243 B Ao FUrE JE LEdA 100= 9A

T 1243 o AshalFo] Eu ),

wm

ST
(=
>
~y
o
e
oX
i
N
P
™
(0e)
HE
o
2
=

/\é.}i‘__l

5.

A

dAdE ZIF-8 #29e] XA 3 H(X-Ray Diffraction, XRD) #2412
PANalytical AF¢] X'Pert3-Powders ©|838te] FatAth. FAMHA AN 74
(Scanning Electron Microscope, SEM) AlZ& TESCANAFS] MIRA 3=
o] g&3ato] EA AT &3 WA AA S0t HES LolEy] g
A7) & EA (Nuclear Magnetic Resonance Spectrometer(NMR)-&
JEOLALS]  JNM  ECZ-400= °l&skel Teilar A FF o242
MicrotracBELAFS] BELSORP-max I & o]&3le] &3]t}

rzgdd/z2g g 9@ ool 7t R FA42 Wicke-Kallenbach 7]&
of olaf th7|Qt StollA] thket moA] HaPsich T3 L ol= L A

27} cc/min®] FHOE TF L F Fwel TFAAL oY AL

_’I’I_



el 42t 10cc/ming ZT2Fdl/Z2 7 T35S o] &3ttt Fdo] A
£ YOUNGIN ChromassAte] 7}~ Z=ZntED

Agste] BA gt

3] (GC system controller)

il

?] ¥& 71~ F3 =4 Hiden analytical’l?] QGA Mass=

Y
of ¥Agtt FF 7F2=E 20ce/ming] & o R FFsbal of= Jb

by
rr
>
&
<
Z.
=]
o
h
i
i)
I
(2
2
O
il
ol
o

_’|2_



1

;AE

49 23 2 2

1.

£ 97 ZIF-8 3569 EA43}

1.

<37l

-
AN -

on

R

< 2,4-dmlm

HE

o
e

o @7 ZIF-8 1t

ol &

—~
fife)

‘?4

vebd e

o
=

olzt 1] &

ZIF-8 U ZAA 24-dmIm7} &

1
o

Figure 3

ToR

73

A%

FA}

£
ENE S

7
AL

=
[€)

NEEEET

=

[e]

g2l

A%

}o] ZIF-8

S

S
=

(FE-SEM)

ZIF-8 Y= 249 Av3 AES yednt ZIF-8 442 wt

1
o

Figure 4

s

2]

ZHAI AL A

=
=

o 129412 & AHH Wy IR EAMT

ay

H

ZIF-8 279 XRD #H¢¥2

=
T

A7t 24-dmIme] <Foll uw}

1
o

Figure 5

T

)
T
o

aze)
ToR
ol
o
B

)
N

]

£}
-

R

g
W

A

N

ot FE-SEM o]n]| %]
o] Ay A7} 20=75, 10.3, 12.4, 14.7, 16.3, 18.00| 4] JE}F

gl m

]
Ae

=
Fol= ZIF-83 22 3]dolA 3=t

o

T

=

pA

gt [18]

Oj]

o
-

7t

5
ZIF-8¢] A4A

73k kol

=)
“

2,4-dmIm 2]

=l

N

B o]

[e)
A&

- ] -
o

24 2

o
A&

AL Hol 7)E

-
T

_EH

ZIF-8 71%

3 -
1

o] 1Y

A1 Zo)] Ho]

o x

_’|3_



Abole] flipping motion Z ol &f& YEL= Aolth AR o] Ald X
Fo] 24-dmIme] Fo] HIH o= Frhgte] wel o E2 gHoR o]F
stthrt Axell= AebA= AS ekt o] 22 flipping motion®] A}
2tA 71Fo] EOENSS dAEH. FiE Ax FF T4 FAHS B

oto] &3 #71 WA oR A ZIF-8 249 A n A 7E

of WA AA 7|F HIZ A Aot 5 W xH I AA|
71 F7F gzt=e] o] sojdel uwEl FojE
-mImEtt =277} 2 24-dmImS H7bste] 7] %9

v 2
o

i)

=

il

o

%

N}

_’|4_



8
o

2 4-dmim in framew o
-k [y
[==] mn
1 1
P

(8]
1

=]
1
L

0 10 20 30 40 50 B0 70
2 4-dmim fraction in solution

Figure 3. The ratio of 2,4-dmlm ligand actually included in the mixed

linker ZIF-8 crystal
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Figure 4. SEM images of mixed linker ZIF-8 crystals with 2,4-dmlm

(a) 7 0%, (b) = 25%, (c) ~ 35%, (d) ~ 6%, (e) ~ 10%, (f) ~ 14% and
(g) ~ 20%
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Figure 5. XRD patterns of mixed linker ZIF-8 crystals with 2,4-dmlm
(a) 7 0%, (b) ~ 25%, (c) ~ 35%, (d) ~ 6%, (e) ~ 10%, (f) ~ 14%, (g) ~
20%, (h) ~ 26% and (1) ~ 35%
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dmIm SgET Viotal

loading (%) [x10% m?/g'] cm®/g'l

0 1.72 0.66
2.3 1.71 0.64
3.5 1.63 0.63
5.9 1.45 0.61
9.8 1.23 0.58
13.3 1.20 %5, ]
19.6 1.12 0.46
26.1 1.08 0.43
33.8 0.96 0.39

Table 1. Surface area and total pore volume of ZIF-8 crystals with

2,4-dmIm

_19_



— — o=
A T E o4 o WX
< X ~
o RO W K ° B s WK X = I~
X o ~ 9 ny X ~ =y
Mo o i o m o} fite) OM s ) ;Ir.” f‘ﬂ E-ﬁ A_.rl y = ﬂa
o ol @_ W T oo L F o T g %0 mw T
< 0
of A X X < F T G GO W =) H_A. < oF oo
= X g L 0 ~o ot AO o
oy Fm W W N oy N o Tt _ X o S
) o 0 -~ il HL OL ﬂ umO o ﬂ o
%0 = xo g © O _w‘. L.m (s = T . MM I T
0 ) : f
E__i X0 "o No WL ! JX:M F O N qr M o w B NS
T~ N i i S 2 oA H o
,m._l mﬂ O,o . nﬂ = [} - ﬂ/rA < = ﬂ ? .
oy S Y Y oy B o o g Ko
N ﬂ = e :.L O I - = el s gk = >
o T 3 oy T o oo o o5 G . £ 3
00 S X o o ol - AR T 5 X7 g
_ > X & B o o - T S I
<3 g X & [y Wp e . BqHOB
— — 5o Bg - | = i w T P ogm o o
S T B | o B T oW
= Wc ﬂn_ o | X° B T T ) a & Mu_. 4 o~ =3
ZT X % ,UI loH 1o = > | 73
o W SIS K % m O S YW x B
i T e 5 I W oy B o — ° W X°
be = o TR = ~+ N mﬂ Y Ny o o m b o = o "
5 55 o 7 g i o w W o 7T L O
o i N BT CR 5y P ~S— el _ = oy
b o5 o o T gVl | - W e T 5
,wH 1_,_Al 0 = . o0 ) o 3 9 /i X i g = 5 X
s o 9w o o © I = 8 x ® % o
s = W < W e B W 7 ~ >
) "W 5 K oW R T o T X o
s i T - R 2 o] o B
1_._A.o ~ X ™ u 2 iy I 0 bjn 5 ] e =1
L o g st o & H
— 0 CN —_ N 1;:_ ~ fr, | ~N - T =
~ s T % Ly W N g 5o o
x kR T E T R SN R Imogq_ﬁ@mq
N ™ W W R0 R = o .,ML o £ o T oa X
N — R B Lo w o _ 2 ®
Ly lv_Al o ojn ,M w J_,mo 70 o w#.a M’ ) o T -
® oM T W el ) o ermarﬂi
Ho o B zo o X0 B E WO W 5
< fret ﬂArO — N T : = N
Gl o < oy AR
G EN B OY
~ o) AR

- 20 -



Figure 10& 23 A4 WS o83 24-dmlm 7} v & & <up <&
FrlL AAA 4] ZIF-8 #82 4o XRD sjdS HolEr 94
g ZIF-8 9-9-t] 243 w7z e =3 75 AR gas
HolFE XRD HHS 7HAa ) ZIF-83 2e 33 ¥aZE vehyu
o714 20=255014 YERE 2 d3e 4t dFEY AAA S e 7]

915,

_2’|_



Figure 7. SEM images of a—-Al, Oz support with ZIF-8 seed layer
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Figure 8. SEM images of ZIF-8 membrane from secondary growth (a)
~ 0%, (b) T 10%, and (c) ~ 20%
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o

Figure 9. SEM images of ZIF-8 membrane from 5th growth (a) ~ 10%,
(b) ~ 20%, and (c) ~ 0%
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Figure 10. XRD patterns of mixed linker ZIF-8 membranes with
2,4-dmIm (a) ~ 0%, (b) ~ 25%, (c¢) ~ 35%, (d) ~ 6%, (e) ~ 10%, (f) ~
14%, (g) =~ 20%, (h) ™ 26% and (1) ~ 35%
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Figure 11. Schematic diagram of gas permeation set-up

(Wicke-Kallenbach technique)
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Permeance (GPU)

Separation factor

Propane propylene
0% ZIF-8
d 164.60 239.16 1.45
(2"growth)
~ 10% ZIF-8
q 2.55 20.81 8.15
(2™growth)
~ 10% ZIF-8
(5%growth) 0.085 14.72 173.29

Table 2. Permeance and separation factor of mixed Ilinker ZIF-8

membrane through secondary growth
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Figure 12. Permeance and separation factors of CsHg/CsHg binary
mixture measured on mixed linker ZIF-8 memrbrane through secondary

growth
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Figure 13. Permeance and separation

factors of CsHg/CsHg

Separation factor

binary

mixture measured on mixed linker ZIF-8 memrbrane through secondary

growth depending on pressure
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30% mixed linker ZIF-8 membrane

Pressure .

(bar) Permeance (107'°mol/m2sPa) Separation factor

ar
propylene propane

1 50.70 0.28 1789

2 41.01 0.24 173.1

3 37.00 0.22 170.7

4 32.93 0.19 169.6

6 27.63 0.17 165.5

return back

50.64 0.29 174.6

to 1

Table 3. Permeance and separation factor of mixed linker ZIF-8

membrane through secondary growth depending on pressure
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Figure 14-1. Langmuir isotherm graph of mixed linker ZIF-8 membrane

through secondary growth
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Figure 14-2. Langmuir isotherm graph of mixed linker ZIF-8 membrane

through secondary growth
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Isotherm parameters

Cs
(mmol/g)

C3= 3.82 3.49

C3- 3.42 6.18

Table 4. Parameters for C3=/C3- adsorption isotherms in mixed linker

ZIF-8 crystals
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Figure 15. Plots of FxPf versus [In(1+bPf)] for C3=/C3- for the mixed

linker ZIF-8 membrane at room temperature
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opC.D/L Diffusivity, Dc

(mol/m?/s) (cm?/s)
C3= 3.17x10 * 1.29 x 10 1©
C3- 1.37 x 10 ° 6.24x 10 1°

Table 5. Calculated diffusivity for C3=/C3- adsorption isotherms in
mixed linker ZIF-8
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Diffusivity, Dc

(cm?/s)

D¢ c3-/Dc cs-
C3= C3-
mixed Lpkey 1.29x 10 6.24x 10 207
ZIF—8 . X o X
ZIF-8[10] 2.9x10 ® 2.0x 1010 145

Table 6. Compared of diffusivity calculated for C3=/C3- adsorption

isotherms in mixed linker ZIF-8 and pure ZIF-8
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Figure 16. Permeance and separation factors of CsHg/CsHg

Separation factor

binary

mixture measured on mixed linker ZIF-8 memrbrane through secondary

growth depending on temperature
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30% mixed linker ZIF-8 membrane

Temperature 10 .
(C) Permeance (107'°mol/m2sPa) Separation factor
C3= Q-
25 49.27 0.28 173.2
50 48.22 0.40 121.2
75 45.89 0.53 86.3
100 4272 0.67 64.0
return back
50.70 0.28 178.9

to 25

Table 7. Permeance and separation factor of mixed Ilinker ZIF-8

membrane through secondary growth depending on temperature
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Figure 17. The Arrhenius plot of diffusivity data for C3= and C3- in

mixed linker ZIF-8 crystals
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Figure 18. The plot of heat of adsorption data for C3= and C3- in

mixed linker ZIF-8 crystals
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Ton C3=

Activation energy
. : 27.79 12.31
for diffusion

Heat of adsorption 25.05 23.36

Table 8. Activation energy for diffusion and heat of adsorption

mixed linker ZIF-8 crystals
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Figure 19. Other single gas selectivity of mixed linker ZIF-8 membrane
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Permeance (GPU)

H, 0032
CO 385.4
N, 929
O; 376.7
CH, 125.%

Table 9. Other single gas permeance and separation factor of mixed

linker ZIF-8 membrane
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Figure 20. SEM images of ~ 10 9% mixed linker ZIF-8 membrane

coating PDMS from 5th growth
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Permeance (GPU)

Separation
Propane propylene factor
~ == th
10% ZIF-8 (5™growth) 0.072 14 108.39

+ PDMS coating

Table 10. Permeance and separation factor of =~ 10 % mixed linker

ZIF-8 membrane coating PDMS from 5th growth
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Figure 21. SEM images of ZIF-8 membrane from rapid thermal
deposition (a) ~ 0%, and (b) ~ 20%
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Figure 22. XRD patterns of mixed linker ZIF-8 membranes with

2,4-dmIm from rapid thermal deposition (a) ~ 0%, (b) ~ 35%, (c) ~
20%, and (d) ~ 40%
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Figure 23. Gas permeance of mixed linker ZIF-8 memrbrane through

rapid thermal deposition
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Figure 24.. Selectivity of mixed linker ZIF-8 memrbrane through rapid

thermal deposition
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Permeance (GPU)

0% 3.5% 16.7% 37.1%
H, 1009.0 947.9 539.9 384.5
COq 20 1@ % 143.3 71.1
Ny 1575 114.0 44.4 21.1
O2 648.2 5924.5 238.6 141.6
CHy 195.0 119.7 53.6 21.1
CzHy4 391.5 281.3 130.2 489
CoHs 1526 105.1 096.4 16.1
CsHs 26.8 14.8 G 2.2
CsHs 0.18 0.09 0.04 0.01

Table 11. Gas permeance of mixed linker ZIF-8 memrbrane through

rapid thermal deposition
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Figure 25. Oxygen/nitrogen selectivity of ZIF-8 membrane through

rapid thermal deposition compared to other report
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Figure 27. Olefin selectivity of mixed linker ZIF-8 membrane through

rapid thermal deposition
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