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Q o B ATE Aday 5% ol HJFEH} FEAE ol &5t wA I3 F2E A= e Azl #%
Aoltt. 37—‘5“7\]' ol FVPE XL N2ES o] 8o 2x 71 WS Hg) & 2401 HAE Bk GustA Aol
T AN %So‘a, cyclohexanedione dioxime, hydroxyphenylboronic aidete] % ihe& St 24 clathrochelate 255
dE F AU PES, PVP, BES’Jr 24 clathrochelate 2HE2 DMFo| %¢l & H]g1) §= 4 {o]lﬁ 53t 57 EH
FEAEE A Z5A T Az ﬂ”bl T2+ FE SEMJJr microflow permporometer2 ZAFF$1th. p-Hydroxyphenyl group
< 7= Fe(ll) clathrochelate A5 A7k B Fxd S0l 71F A7) RS FeF, 29 7 BEE £Y
e 4d 718 2718 FaAZe B F AN

Abstract: This study is preparation of microporous membranes by using macrocyclic metal ion complexes and extended
cage complexes. It is a more favorable way to existing methods because polymer and meta ion-ligand complex system pro-
vides a fine control over the phase transtion behavior. Chemical functiondization of the polar surface can be obtained.
Metal-templated condensation of cyclohexanedione dioxime, hydroxyphenylboronic acid in the presence of metal sdts pro-
ceeds cleanly in methanol to furnish the metal clathrochelate complexes. Organic/inorganic hybrid membranes were prepared
with polyethersulfone (PES), polyvinylpyrrolidone (PVP), ethyleneglycol butyl ether (BE), metal clathrochelate s and DMF
by using nonsolvent induced phase inversion method. The structure of membranes was characterized with scanning electron
microscopy (SEM) and microflow permporometer. The addition of Fe(ll) clathrochelate complex with p-hydroxyphenyl
group leads to changes of membrane morphology such as narrow mean pore size distribution, increase of surface pore den-
sity and decrease of the largest pore size.

Keywords: microfiltration membrane, phase inversion, polyethersulfone, porosity, pore size distribution
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AolA AAGEY Qo] 44 S8 W = stz ASE B3 s2RnE A7 18 3¢ gd 27}
S8 AE, AW 84, 3% AA4AE, A% 5 AAD A1, YWHOE polysiifone (PSF), poly-

ethersulfone (PES), polyphenylsulfone (PPS)3 #-2
sulfoneZll AL E-#+= polyolefinl, fluoropolyolefinAl,
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Table 1. The Composition of the Casting Solutions (Wt%o)

Membranes PES PVP BE DMF p-hydroxypheny! m-hydroxyphenyl
(©)] (9) (9) Fe(ll) clathrochelate (g)  Fe(ll) clathrochelate (g)
PES-blank 0 0
PES-0.6-p 0.6 0
PES-1.2-p 56 100 10 12 0
PES-0.6-m 0 0.6
PES-1.2-m 0 12
2. & ¢ o o] WAL glass filterZ Zste] o3t o°Cc2
W73 v ekS 5~10 mlE 2~32H glass filter obol] %
2.1, Aot MEHA Fol HolE F 3 IHE(032 g, yidd =

=4 clathrochelate 23139 4ol AHEH 1,2-cy-
clohexanedione dioxime (96%, Sigmaadrich, USA),
p-Phenylboronic acid (95%, Sigmaddrich, USA),
m-Phenylboronic acid, (95%, Sigmaadrich, USA),
Iron(ll) tetrafluoroborate hexahydrate (97%, Sigma-al-
drich, USA), Cobalt(ll) Chloride (97%, Sigma-ddrich,
USA)= AloFa o2 Fufdte] ARg-st3itt.

o34 aEA #EHA A A" poly-
ethersulfone (PES, Ultrason-E-6020 P, BASF, Germany),
polyvinylpyrrolidone (PVP, Acros, M.W. 58,000), ethyl-
eneglycol butyl ether (99%, BE, Sigma-ddrich, USA)E
Aol F&3HE AokS AHESIAT Cadting &7l =
£ dimethylformamide (DMF, 4344 88h)E AH-4-31%
i, of7le] F7] v dAE JAUHe e 59 A
glell A PES, PVP, BEES %713t #d3tA & &9
S WHEAJT 2" AAAZE polyester film Skyrol
G31 (SK Chemica)& Fulste] A3l

2.2. 2%

p-Hydroxyphenylboronic acidE =2 A3 Fe(ll)
clathrochdlate complex [Fe(ll) dathrochelate complex 1]
kAl 3 S wEtH18]. 1,2-Cyclohexanedione
dioxime (0.16 g, 1.1 mmol)3} p-hydroxyphenylboronic
add (0.10 g, 0.73 mmol) & 15 mle] Me-g &0 743k
T AeoM FH3| wHsith Fe(BFy), - 6H0 (0.12 g,
0.36 mmol)E 50 mie] Mg 8o 713 & 255} 2
71 A &3] BARAZL & dioximeZ p-hydrox-
yphenylboronic acid’} g+ &0 M3 7lsig
gl A 4AIZE o] wnketH F-eA o) X o] A E

Aot Y

mEgol A 24 @ A 6 &, 2014

67%)= 60°Coll 4] 71z=A|Z1t}. Methlyene chloride §-vi
2 AZA 9 Azt on Aty iz} bkl Zopx
I 7HE B E Basiith okl A (Dol Fe(ll)
p-hydroxyphenyl clathrochelate 2+3}3t=E9] A &35}
HS2l S YeESITE Fe(ll)  p-hydroxyphenyl cla
throchdlate #31¢&¢ F2= 'H-NMR (400 MHz,
CD.Cly, 298 K)& &lat it

Fds WoZ  p-hydroxyphenylboronic  acidE
m-hydroxyphenylboronic acid v}to] Hhg-atH &4
of Aol 7N wge AF $ e FJHE(0.36 g,
90%) S A% Fe(ll) m-hydroxyphenyl clathrochelate
23152 [Fe(ll) clathrochdate complex 212 9 4 Sl
Aok ok 4 (2 Fe(ll) m-hydroxyphenyl da
throchdate 2+8}3t29] &4 318 w24S Yehy it
Fe(ll) m-hydroxyphenyl dathrochdate 2313&2 +2
= 'H-NMR (400 MHz, CD.Cl,, 298 K)Z 2elatitt.

HO=N N=OH
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Fe(ll) clathrochelate complex 2
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£z " & H7HAl BE, 1
7o AUtES 2Este gud
ol A wW7tA HAch 7 N2 &4 24 & Table 1
of ggstdnt.
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Table 2. Morpholgy Data of Blank and Fe(ll) Clathrochedate Added PES Membranes

Maximum

Membranes Mean pore size Bubble pomt pressure pore diameter Poroosty
() (ps)) (%0)
(k)
PES-blank 0.470 6.398 1.03 68.8
PES-0.6-p 0.244 10.301 0.646 62.8
PES-1.2-p 0.241 11,985 0.550 63.6
PES-0.6-m 0.331 6.675 0.9885 65.3
PES-1.2-m 0.267 6.644 0.9931 64.2
d "
ab CQ -"?'_@J
e o /-:,__\-{, “a\' o :'
AT Tacs
{j CH.CI
CH.CI.
d e
a f
TR ]
. d s .
b Fig. 2. '"H-NMR (400 MHz, CD.Cl,, 298 K) spectrum of

@ 93 90 &5 KO T8 0 65 4 LU T ST
i

Fig. 1. '"H-NMR (400 MHz, CD,Cl,, 298 K) spectrum of
p-hydroxyphenyl clathrochdae : 7.52-7.51 (d, J = 8.0 Hz,
4H), 6.80-6.78 (d, J = 8.0 Hz, 4H), 4.99 (s, 4H), 2.90 (s,
12H), 1.80 (m, 12H).

AT A Aol A 2-cyclohexanedione dioximest
phenylboronic acidE Fe(ll) sulfate heptahydrateE w3
XA Fe(ll) clathrochelate complexE d=d A3k 1}
olom g U kAN, YA, A Ao T o ¥
Holl RPgA o2 124 < u}
AUTH19). £ ATl A8 Fe(ll) clathrochelate com-
plex 13 2 GA w&-E oA §hgo] P HA 3
Aol dojut e AAZE ke Aol vk EE E,
G e A ol A ol & Mol FH
AHEEE BlEH Sl Ejo] A ¥OoHAE DMF,
NMPSF 22 1 §a o fjste] &35t A do

STk, ool S EAL 4 Aol FAoNA Foj-u)
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&l Ago] dojuh= T WGl =9 4ol &
7PAA gk ERolA gyt AgE 3o #
o] FAE Fol= AAHA il AEA B JE
st} nFAke] S FANE F e ALz 7
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m-hydroxyphenyl  clathrochelate 7.21-718 (m, 4H),
7.11-7.10 (d, J = 2.8 Hz, 2H), 6.79-6.76 (m, 2H), 4.76 (s,
2H), 291 (s, 12H), 1.81 (s, 12H).

o} 7ttt £3] Fe(ll) clathrochelate®] phenyl &<l OH
5718 mo pAel =Yooz A FA

symmetrys H3AF oW o]H g Wyl Feute]

z 9 53 45l vAe FFE ot 32-3.3H A
‘T‘ME]'

3.1. Fe(ll) clathrochelate &4

Fig. 191 AA" Fell) clathrochelate complex 12
1H-NMR spectrum< A|Al8t T 6 7.52-7.51 (d, 4H)
¢} 0 6.80-6.78 (d, 6H)S 4+ phenyl 159 T4
ol § 291 (s, 12H), ¢ 1.81-1.80 (m, 12H)-> 37} 2]
cyclohexylell 2% F4olH § 4.99(s, 2H)= phenyl
of AZH hydroxy 189 F4olth § 15204 YEk
U= singlet peske CDLClz &7l A9 de =& 4
Hr ¢ 2294 UeEhE singlet peakE A Al 77 ol A
AHEE acetono] B4 Al ESIY TAE ZO0E Als
2l

Fig. 291 AA" Fell) clathrochelate complex 22
1H-NMR spectrumS A A8t T 7.21-7.18 (m, 4H)%}
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Table 3. Results of Element Analysis of Membrane Surface by EDX
Wit% At%
Membrane
C O Fe S C (0] Fe S
PES-0.6-p 69.63 15.00 2.46 1291 80.72 13.06 0.61 5.61
PES-1.2-p 67.04 15.20 373 14.02 79.33 1351 0.95 6.21
PES-0.6-m 66.76 15.96 3.28 14.0 78.83 14.15 0.83 6.19
PES-1.2-m 70.30 1391 3.76 12.03 81.69 12.13 0.94 524
7.11-7.10 (d, J = 2.8 Hz, 2H) 183 6.79-6.76 (m, THE Aoz 44 AtH20]. Fig 3 AAS F@H
2H)9 4+ phenyl 159 F4olth. & 291 (m, #9152 Fe(ll) clathrochelate complex?] #%, ¥X=,
12H), 1.81 (m, 12H)2 3712 cyclohexylol AZ2" & gzt Fxo] A4#glol spongelike T+2E 7HA &
2ol § 476 (s, 2H)= phenylol 4Z2F hydroxy 1 o ete] APA 725 Ho Fo o0& % 4¢3
&9 4ot} Aromatic hydrogen g% o] E3atA =, 714 Y wgu A7 AHTtelA dojub=
< A& OH #5719 o) th o] Aekzl dae} & finger-like 7=, macrovoid 72 53 22 F4% +
T Atk 0 152914 YEE singlet peske CD.Cl, z wslel= 2 Fe(ll) clathrochelate complex/] A7}
ol Aoe =2 FHHH ol& A vE & A= 718 =42 spongelike 725 FASHHA ¥
A sgnaI°1 s Bol &8 JgEdS g9 A 72 HSE FEds o 1 ZAFES 7Y
& 5 ST HooAl 2 Hske] Aort Thede o et
Table 3o EDXE ©] 843 #27 T 94 &4 4 Aol o g AzFAAE spongelike FEE 7}
ARE AT A2 &40 PES & 100 g & A v ATt FEa7t AY9EE WA Z pore

Fe(ll) clathrochdlate complex:= 0.6, 1.2 g #7139
o0 Fe(ll) clathrochelate complex £+ 8364 g <
e YAFLE 558 go2 HA 9 6.70%2 TAH 9l
o] PES M7} div] Z+7b 0.0402, 0.0804 wt%ol 33
st ¥olth. Wt EDX AFZ AL FHES 246376
Wt D3l B Fe 9447t ZHAAM AE HAG
ol Fert 4 Ho| R B FHE 184 WE
g2 Yol FEHe 2ol ofvet &3 FejoA EHO

o]t 13} Ho ﬁ%% 9 lit} te =9

ng DR A Gul/El gl 7

throchelate complex =7} h‘—o} «]”] sttty &
AoH AAWY F4E Adstete 2AE HASS

ALz a4 5 A H7He Fe &3 EDXEY 2

H=2 U ggFo] &3] vlg A= &2 &l 9
3 4% Fe(ll) clathrochelate complex’t &-3]¥ A e 2
STUZE FEHAN AHE o4 I &2 L/
S X go] dojy= AAAY % 244 o) 24
Hojd ZAoE ASHT
3.2. Morphology Z=A}

v ete] g 2 B3 A5y 2A4s #AE

szeE Zte= tFS(bottom layen)d 713 22 71F&
e dAF(active layer), 183 3 7132 A=
EHF(surface layen) S 2t FEHE o] Foizinh, @B
gl ¢ FARFE Wy FA, 35F5, B 7
3 A7), &9 "AAAY 7F A9 £E, B4
A, F45Y VITHE T oY AAY 5F
gl o3 AAEHEE 54 QA HInto®
| Aol ojyrt. §H A|A &S %“*Z«l 7
T TZE HHVOE = AR O AT
z%}u} Fig. 39 SEM £4] 4#& Eo}@l
28 g9 Fe(ll) clathrochelate complex®
z243 JuYQl T2 A #HAE AYE
9 7139 U5 Ao|7t /M FEE WstE 3
t}. Fe(ll) clathrochelate complex A 7FAI 71 §lo] Al z3
Fig. 3 (8¢ PESblank THe] EH 7|22 o} F1 7]
9 UBE+ IA "ol Fg. 3 (b)9 PES0.6-pet
(©)°] PES-1.2-p9] 74-¢, W 7|39 A7 AwA o
= %015 At FHE AFS Hola Yo 1
Flg 3 (d)¢ PES-0.6-mst (69 PES-12-mel 73
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(b)

Fig. 3. SEM micrographs of PES membranes prepared by
using of PSF casting solutions; (left) top surfece, (center)
cross-section and (right) bottom surface micrographs, (a)
PES-blank, (b) PES0.6-p, (c) PES-1.2-p, (d) PES-0.6-m
and (e) PES-1.2-m.

g Aol) FA-AA tFoiA
= S AgH o2 o
%agi %7 ottt B 75%9 F= stellA VIPS

Augel A 24 @ A6 3, 2014

@ (b) © (d)

Fig. 4. Magnified cross-sectiond SEM micrographs of PES
membranes;, (&) PES-blank, (b) PES-0.6-p, (c) PES-1.2-p,
(d) PES-0.6-m and (e) PES-1.2-m.

(71 8 B Aol) FAAA AH2E F HEmW &
zo] A7 A F57100 o3 T metastable 4
o] template® Aol H F FHZTNAM A Hoj7h &
old ¢ AWl 7ttt 29 JE YEE meta
stable 4] Zdo] WA XPH Fg. 3 (d), (&9 72
¥ polymer-rich 993} solvent-rich g o] +&¥ 4
goll A Eol A A Mot I, Fig. 3 (b),
(©)2] 745 metastable <] Fig. 3 (a) =2 AR wi
2A 18L& HY Fig. 3 )} @2 =¥ Aoz F
R GRS

5Y3% spongelike +£E 7HAE nig Aol Ak
i FRAAE AT Afol7t ARHIUY. Sid
9@ SEM AFS Fig. 40 AASHAT Fig. 49
PESblank=te] A$ AAAcZ 7|F3a2717} 23 HA
7150 A EE ddo] F5iel EATE £
Ao 2 7)F BRI B c
b e & BH ollR FEE IFSHA
obF SHAl EAISHA = =9 HS0l l’#ﬂ?‘i/ﬂ
9] Z"Vé FHE EAstE 904 2 7182,
5 A3k g FoA = HA
{7350 349 Folle &
Aol ot} HA7EF 71E
sto] o] FetA HERE &9 o|FAIZto] AAHA
g Aozt IPHA
A AY 71EFe 38T Zor A9 F gtk A
71E%5 skl o] ofatA WA= A
o] #AHEH o= °}EH A dwstaat ot

ER
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= VI
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