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Abstract: In order to extend application field and improve processability of crystalline metal-organic frameworks
(MOFs), recently MOF/polymer hybrid membranes have been actively studied. Such membranes are generally prepared
from polymer solutions and MOF particles. In this research, we chose zeolitic imidazolate framework-8 (ZIF-8), one of
MOF families, and attempted to prepare ZIF-8/polymer hybrid membranes without using any organic solvent. In order
to improve dispersibility of ZIF-8 particles, ZIF-8 was prepared from an aqueous solution containing Zn*", 2-methylim-
idazole and polystyrene sulfonate (PSS). Through dispersion of PSS@ZIF-8 particles along with a dispersing agent into
a polyurethane (PU) emulsion and casting on a polystyrene substrate, transparent ZIF-8/PU membranes were successfully
prepared (PSS@ZIF-8 content: maximum 41 wt%), and characterized with respect to their tensile properties and water
uptakes.

Keywords: metal-organic framework, zeolitic imidazolate framework-8, polyurethane emulsion, zeolitic imidazolate
framework-8/polyurethane hybrid membrane.
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AN7E Aotk e T8 MAAIY T3S do
A= 2H8717F AFE MOFS} @A o] S3hs-8 535
H MOFE Axgo =M, Y=te] #4Hg
£ £W, Shahid 52 Zg|o|v|= A
¢l Matrimid® 89S Eol] F3slsle] IZEA YAE FAA
37, (3-aminopropyl) imidazoleS 7Fste] A} 3| ©]
tE 27t=E =Ysiah’ 11 sferxrt N A
ZF Bt Zn*' 9} HmimS 3 7}ske] ZIF-82 A3 Al
F, f2) 713l 72" (casting)dte] slolHE]= wH g
A ZBFATHZIF-8 T HAt) 40%). 22 o] 3+ Wy
AzIgo] Bxste] 247 Akl A8317oll= A7t
o} 7P eestal ZAIAQ] W ofn] A|l32¥l MOF YAE
AR} A3 Egtsled WER1S AlZsks oIt} Ordonez
52 N N-dimethylformamide(DMF)E AF&-3}e] ZIF-8 YA}
£ Azt FRRIYE B Fon ZEgjoln= UE<l
Matrimid*] 3l S22 ¥ & g3} 35t &, A=y
2 sfolBY= HWHEYIQS AT ZIF-8 EaFel 60 wi%
HT} 01 Fo] Haste] ther| ofEglom, slo|Be]
= wHgQlel] &A= ZIF-8 $FEFo] 50 wt%d uj ZIF-8of]
ofgt 7|AwAEe] EEladrt HEE A Yang?h Chunge
BAAL shsl] 9)8k] ZIF-8 YRS DMFE ARg3le] A
stal 22 Al = polybenzimidazole (PBI) 8ol A7}t
FN2~83sled ZIF-8/PBI 3lo| B2l = W E 1S #2315
tho Az Wy g|olo) thale] Hy/CO, el dS 33 24
3}, ZIF-8 F-33Hgo] 63.6%0l =251 ZIF-8 YA+ PBI Hi
Eg o) FdsA AR Ut
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(polystyrene sulfonate, PSS)2 G~8-Hol| x| HF-S-A]|Z) S 2 X
PSS AkEo] #o}X (threaded) PSS@ZIF-8 Wh=QAE s}
AT} PSS@ZIF-8 YAFE2 Awpe] kA9 A E2]9-8
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AISITHE . Hmim(99%)S Acros organics(USAYIA 5}

3L, poly(sodium 4-styrenesulfonate), sodium dodecyl sulfate

(SDS) % zinc nitrate hexahydrate(Zn(NO;),-6H,0, 98%)=
Sigma-Aldrich(USA)IA FUSFATHLZ R &7 35 wi%).
$-@et 34 CARBODILITE(V-02-L2)= Nisshinbo Chemical
Inc(Japan)ollAdl TJ&kAth A2 PU(SPU) o2 # (Shan-Pud-
1y §2Z8(F)(Korea)oll A AlF-at3iom, %44 PUHPU)
o B (YJ-350H)S FZE 27 (Korea)llA TH3IATth Ze
Aozt Bl AASHA] 2ol ARSIt

ZIF-89| HM|=. Zn*/Hmim/H,02] H]-&°] 1/60/2228°] =%
= dlo| Lol 0.744 g9] zinc nitrate hexahydrate(2.5 mmol)S
10 mL &5l 8321712, Z=F2=390] 12.3 g&] Hmim(0.15
mol)& 90 mLe] SFol -&3iA1Z ot Hmime| ¢H43] &
=™ ulo] =8-S Hmim G840 3] st
Hhg-oo] BRIA WSk AefollA 1A1ZF FRF 300 pmeE W

WSk, 24413F A5l AAHE A 2T 4000 pmO. 2
20% B QAR F Rk AHS 35 WHESkL 40°C

ANA 2471 7F AZEFS ZIF-8 YAE A 23 THEE: zinc
nitrate hexahydrate 7]5= 20%)).

PSS@ZIF-82| &M, Zn* /Hmim/H,02] H]-&°] 1/60/2228
o] T & ulo] ol 0.744 g2 zinc nitrate hexahydrate(2.5
mmol)g 10 mL S-F5ol §38A17]a, Sk 123 g9
Hmim(0.15 mol)3} poly(sodium 4-styrenesulfonate)S 90 mL
o) R SN F, F FEU AN T,

24X 7k 7zt PSS@ZIF-8 UARS F/38HATHT £ zine
nitrate hexahydrate 7]5= 35%)).

PU #lEgele] M=, SPU o|dd 3} HPU odde £
1|7} 100/0, 30/70, 50/50, 70/30, 0/1007} == &35l ).
Hlo|dol] 74 112g7 PU lEA 125¢gS ¥ 5 He)
22 B (WiseMix, VM-10, Germany)S AF&-31o] EAbA)7] 3,
PU 73314 (CARBODILITE) 0.0125 g(PU &% thH] 1 wt%)
< & Tt §Ao] & FAEH F2EE
(polystyrene, PS) AF& ol F3L 65°ColA] 24X 7 X &
110 °CollA 1A7F 71Z8te] JIEH Q1S A3kt

PSS@ZIF-8/PU HEZ|2le| XM=, vlo|del] S/ 11.2¢
I 7 PSS@ZIF-8E PU o2 e] 2 E(SPUHPU=70/
30, 35 wt%) tiH] Z}2} 10, 20, 30, 50, 70, 80 wt%’} E==
23 SDSE FYe F(PU AdEd 2 E Y] 5wi%), 30
7F 25972 At PU A9 1.25gS B2

NS AMEsle] EAA A2, PU 43S 0.0125 g(PU
Hl 1 wt%) T3t o] & AW PS Aol &
3L 65°ColA 24X17F Az - 110°CollA] 1A 7 AZ31
sto]He|= RHEH RIS A|ZsAT.
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2000, Thermo Fisher Scientific, USA). B3+ UA1=2] A4
< 2RIsP] flat] XA 384 (XRD)YS a8k THmulti-
purpose high performance X-ray diffractometer(MPD-XRD,
PANalytical X’PERT-PRO Powder, UK). 40kV, 300 mA ]|
Al CuKa(A=1.54056 A) 343} Ni ZEIE ARS8} 20=5-35°
WM 239 THE7145==10/min). EDS(energy-dispersive
X-ray spectroscopy) 715 %He field emission-scanning
electron microscope(FE-SEM, Carl Zeiss-SUPRA 40VP,
Germany)E ©|-83}o] AzE YAEF sfolHe|= d@H 9l
(FH/H)S 223199 th FE-SEM =4 Aol Y=} FHo)
W5 9B Y (sputtering) A2 G5 Fate] H71A=A
= st

QIEEM X Az AHEH1] AFEAE FHotsl]
18ke] W-5A1E 7] (universal testing machine; UTM)E ©]-&
33 tH(Shimadzu AGS-500G, Japan). =% ol WEHAE
S 65°ColA 2447 223 110°CollA 1217 Az
ZF Aol thste] 7] Al (50 mmx10 mm)ys R8st S
A3 (UTM head speed: 50 mm/min), H-3kS AlXFslsict.

HEle| Erg . HEYQS I VE FH
stod 110°Coll A 4A17F AZEHAL, FAIE ST F(Wyy),
25°CollA 24A17F SFerell AAAZ T BEHRIES S/
2HE st WS 7PEA ol £ we] FAE 4
SIAL (W), Thr 21 o]8-3td g8 (water uptake, WU)S
AR

WU = [(Wo W) W] % 100 )
Ay o =2

PU "e=gel. HZde RS IT SA1H o= a3t o]
grol7] wWjiel, PUE f7]1-8mioll &3irA AHE-sh= Al
PU o (GFHEL S Alzste] Ayl ol 39l
AREEFAL QIT)S B o SPUSH HPU olE S ofek
S H]E= E3tsle] WS AL AFEALS g5t
Ao, 1 A3= Figure 19 YERATE. SPU/HPU(100/0) %
B9l QA7I=(2.7 MPayt L Sl A8 (450%)> Y
F 37] wiel] WEIoZ &83517] offHth. HPU o]
715kl wetaA AEE ] AGES AAE] asiATr 1
e 71 ¢E E9, SPUHPU(0/100) HlE#91e
= RS} wE ASS YERlET, 2 olfi= HPU
Az Alo] dlo] =2 A] ZE-(hydroxy group)©] B Zg|&
(polyolyS AHE-3te] LEAte] 7w W7t E7] wjZo|tt.
SPU/HPU EZI=0jA HPU o] =855 HHEF o] PS
A A ZFsHA F2FE] o] #2]7}F of 2 itk SPUHPU(70/
30) W 219 QIAEE 3.3 MPao| 3L AIAE-S 345%30.0
| PS AAAZHE] A w2|=7] w2, 7Pg A dsirhar

ZaH, Al46d A6%, 20221
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Figure 1. (a) Tensile strength and (b) elongation at break of PU
membranes with different HPU contents.
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31 &) (SPU/HPU=70/30) A-&315

PSS@ZIF-8 &M, x20ll= T3] ZIF-8 Y=Y A= PU
o E 7 (SPU/HPU=70/30)°ll =4HA]A ZIF-8/PU &lo]H el =
W B 91 Azsaz} o, ZIF-8 YA/t PU WEE
20l FUSHA| AR et olE e A= &5 ZIF-
8 YAt} PUS Flstert v WAL 4z ol v A
slo] PU WlEE 20)|A ZIF-8 YAEo] SH 3t JEeE
Yo 7)7] wjiFo|t}h. A PSS(EEA IEANHE whol(G=&
ahyel] H7sle] ZIF-85 A|Z3HobH (PSS@ZIF-8), ZIF-8 ¢
Ztel] PSS AREo] HOA AL YA}F HHo=2 w2 ARES] &4
Sl= 13te] ZIF-8 YAFE Alolol] Whdedo] wAgto 224 <)
2L g go] 7had ASR HSsiGitt. kA i AF A
= PSS EE7t Tk ukggol 0 R PSS@ZIF-8E &
A SFHATHPSS A 713 zine nitrate hexahydrate THH] 20, 40,
70, 80 wt%). A Z¥ PSS@ZIF-8 YAEol thsle] FE-SEM
AES Y5 om, 2 AFE Figure 291 YERATE 47k
E9] Fel} =737 200-250 nm)y= 3o R H AF
A}l 2 AXBIITE Y PSS 7ol S71ErS PSS@ZIF-
8 YA = - ZokA] PSS #718] zinc nitrate hexahydrate
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Figure 2. FE-SEM images of PSS@ZIF-8 particles synthesized in
the presence of PSS (0, 60, 70, and 80 wt% with respect to zinc
nitrate hexahydrate): (a) ZIF-8; (b) PSS60@ZIF-8; (c) PSS7T0@ZIF-
8; (d) PSS80@ZIF-8.

70 wt%d ol 160 nm= 7343PH, PSS A7l 80 wit%
Aol = Yxke] EAAQ Fej7t A Alepstt. olHg 4
= WH-g-Eol| EA5l= PSS7F ZIF-8 2A 2] A= A7)
FEFS F7] Wi UF & TEE EAIEH, Zn* o]
7 7= (Hmim)e] Z3ekeo] A= ZIF-8 2 YAt
ZH A=A @47 wiEolth.

AzE PRl diste] daiAe FYsial 2 A3
Table 191 YERATE <573k ZIF-8ollA = 3H(S) Y27t E=A)
sA] A9k, PSS7F EAIEIE WESFEHA AAdE
PSS@ZIF-8 IAtM= S 94t 2= 30T PSS 7o)
zinc nitrate hexahydrate t¥] 20 wt%ll A1 70 wt%7FA] 57}
S5 QYA EAIBhE S Fidol SUI8EAIRE, 80 wi%eol Al
AzE YAIM = 23818 S o] gasiiT). ol#e 4
= PSS7F UF: =8 B2 Ejshd ZIF-8 243 34
3} 7o) UF Bo| AP EZN AT AA YA} M
EwEo] BWol EAlsl] wiolgtar ddkE

PSS F&=7t Thedst w89 o 2 5E 3Md%E PSS@ZIF-

Table 1. Elemental Analysis Data of Various PSS@ZIF-8
Particles

Element composition (%)

Sample

C H N S
ZIF-8 422 43 23.8 0.0
PSS20@ZIF-8 429 4.4 222 0.8
PSS40@ZIF-8 433 4.4 21.4 1.4
PSS70@ZIF-8 445 44 20.1 2.4
PSS80@ZIF-8 43.6 44 21.0 1.8
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Figure 3. XRD patterns of PSS@ZIF-8 particles prepared using dif-
ferent amounts of PSS.

8 YA=S A843E HAetstr] flsted XRD S st

ow, 71 A3E Figure 39 UERATE PSS@ZIF-8ol t st
XA - ¥3 59 A= F3 Lxy Axel 2 U3}
AT PSS H7EEFO] 70 wi%ZHA = 31d HAE 9] Eo)
(intensity)’} A 7H4akA] k=t ol2sk da= PSS &
A7y ZIF-8 A= & FFS nxA gethe A8 Y
Epdct. 1 PSS $E7F 2555 ZIF-8 YA 8=t
AA8] E3tEo] YRt E At AeAls A o® ATk
T2 PSS H7EEo] 80 wi% well= A ARte] A4
7 U =EAA Alf] wERl HARA] A BEEE
o] @o] EA7| wiitel] 314 w3 Eo|7t A ] AAES
o} 944, FE-SEM % XRD t|o|Ej] 7]%3&}o], ZIF-8/
PU &o|He|= By eS Axsh=d UM ZIF-8 2HY
A7} 2 AAAEAA SAlOl ARkl Hojx] PSS gHFol FHth
¢l PSST0@ZIF-8-& AH&3tAth Guo 5 PSS$} copper
hydroxide nanostrand25-E] PSS Al&Eo] A A}el] #Ho] 7
PSS@HKUST-1 ®EH QIS eHdste] dzdeas o259

H=g Z4% A3, A9} Lit o9 v A%E
(binding affinity)S. 2 <13}e] Lit o]0l th3l Fxpalelfo]
e HKUST-19]] H]atod wll-g- AR SHA] Fd=Ach” ot
ZhA 2 Ao A PSS@ZIF-8ZF-E A|ZE HEYRIEE
S o] 5] FHEA WA wle- SHEE Ao

—
Figure 4. Photographs of ZIF-8/PU hybrid membranes prepared

from (a) ZIF-8 and PU emulsion; (b) PSS@ZIF-8 and PU emulsion;
(c) PSS@ZIF-8 and PU emulsion along with SDS.
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ZIF-8/PU sfol=z|= HEol. PU od- ZIF-8 At
E HARAZ] F(ZIF-8 H7HE: o Ed 23R vl 70 wi%)
PS AFg|ol] H2"stal zste] ME RIS Alxg ot 7
HyY]Ql T4l SAlsks shte] & WA oje]r)
Ath(Figure 4(a)). ©131 A3= ZIF-8 YAF<F PUL] <18 (%]
ste)o] J=F G Hlste] dA8] YobA Eml(EYT F
ek A ZIF-8 4AFEo] 371 wlZoeltt. PU 9
FA0) ZIF-8 YAE FYstal FARIZA] SDSE #7184
O}, QJRfe] EAke A AR ekttt

3, PSSTO@ZIF-8 YAFE-S PU ol 8dol| F4kA17]3 PS
ARg|ol A ~este] AZze A3, ZIF-8 YAFECl vlal] 24t
xS NAEATE olel st A= ddst v} 2ol
PSS AREo] ZIF-8YAel| #oz]l el = ER)al7] witol] 9
7 o] S4EkE EA Ho] YRS Alelol] wbdE o] kg
7] witolglal FetEt) BakA| SDSE odde] 1R
the] 5 wit% F713F ZA$-olE, PSS@ZIF-8 YAFS 2] EAMY
o] B% 7fAlElo] Frgdk WlHg|elo] AZHATH(Figure 4(c)),
o]# ¢t A3}= PSS@ZIF-8 Y7t PU vl EZ 2o wij-9-
Al BAERSS ongith. &ApAde 31598 8 2
£ SDSE 4254 HEOo 2 pSS@ZIF-8 YA FHol &3ks}
3R FROZ A FHe] S WS SUMII
o), YAF S-S U s o] A= YYAfEe] PU vy
Eg o) FdsiA B4k Zloz JghE

PSS@ZIF-8/PU R E 1A PSS@ZIF-87} it skA &
AEDEAE RIS fl8te] EDS AdS AAISIAL, 1

A= Figure 59 YERATE Zn*'} S 9AE UeRhE= Bet

Figure 5. EDS elemental mappings of PSS@ZIF-8/PU membrane
for (a) Zn*" (purple); (b) S atom (green).

Figure 6. SEM images for cross-sections of membranes: (a) PU; (b)
PSS@ZIF-8/PU.

ZaH, Al46d A6%, 20221
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PSS@ZIF-8/PU-33
PSS@ZIF-8/PU-23

5 10 1r5 20 25 30 35
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Figure 7. XRD patterns of PSS@ZIF-8/PU membranes with dif-
ferent PSS@ZIF-8 contents.

Intensity (a.u.)

A} =2 g So] HlB Q] v ER e 2Usal U
A5k Zlog AZFA} Figure 65 578 PU WHE)
213} PSS@ZIF-8/PU R E Q9] Tl tgt SEM ©]H]A]
= Yepdtt. stelEe|= HE Q] UlFollA PSS@ZIF-8 ¢
AEo] Boids Wojgrh A=A ket oS AnE
2 B5 PSS@ZIF-8 YAFE©] PU WlEZ 20l U3
ZhEo] itk 21 e

PSS@ZIF-8/PU%| A PSS@ZIF-8 geko] z+z} 0, 23, 33,
41 wt%8] MEF el A%l XRD 23S Fhaon,
2 A= Figure 70 YeERAATE Al 7EA] ®lEgR1E0] B
AF XA 3d 935S BF &F ZIF-8 YA e
XA 34 9asEd BF Z dAEi) 3d 9359 &
ol& o3t nle} 7o) wMH Qo] EA)5H= PSS@ZIF-8 &
Fol T7HEFE o =4 Zrkskanh oy Ade
PSS@ZIF-8 YJA}E0] A3 ZAs A F13] oHgsh] uf
ol FEHRIe] Al M JRFEL] Aol FAET
= AL ot

PSS@ZIF-8/PU HElE=g|Qlo| QESH. PSS@ZIF-8 3
°] 0,9, 17, 23, 33, 41 wt%<] PSS@ZIF-8/PU = E.&] o1 ]|
tiste] A7twe) gt AE-S sk, o A3E
Figure 89 WERAT} PSS@ZIF-8 $Ho] Z71ekr= wHy)
19| I} AEE-S HAL Hadhe AdE BT o
£ 51, A dFo] owtndmole Q=S M-S0
7}7} 2.8 MPa#t 290%2 S E A =Hl, 41 wi%d vl ol =
0.08 MPa} 15%= A 7HA=|Sleh gybs o s \H gl
Wzt gd s Eaked Aol aEAF AlEe] <1
o] 7rasP| wiel s F7RBIAIT AES A
shetl, 2 AgoMe A3 74t s Qe A 7
Ak o] AU ol2fst A2i= PSS@ZIF-8 YA
o} PU| RISt (17} vl ofeiti= AL owgitt. &,
wHg el 71e|R]= SEF X(stress)’t = HFE PUS
PSS@ZIF-8 AWl F5]7] wjZo] PSS@ZIF-8 ol 5
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Figure 8. (a) Tensile strength; (b) elongation at break of PSS@ZIF-
8/PU membranes with different PSS@ZIF-8 contents.
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Figure 9. Water uptakes of PSS@ZIF-8/PU membranes with dif-
ferent PSS@ZIF-8 contents.
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