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ABSTRACT : Sulfonated ionomer membranes, sulfonated poly(ether ether)ketone (SPEEK)-AgNOs;, were
prepared and tested for separation of the isoprene/n-pentane mixtures. The facilitated transport membranes
showed good selectivity and permeance of isoprene over n-pentane and long-term stability. Depending on
various reaction conditions, the degree of sulfonation (DS) of SPEEK was measured by 1H NMR
spectroscopy and the performance of the membranes was affected by the DS of SPEEK as a whole. As the
DS of SPEEK was increased, the selectivity of isoprene over n-pentane increased and eventually reached a
maximum selectivity of 850 ~ 900 and the stability of that was continued more than 100 h.
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Figure 1. Dewar-Chatt model of m—bond complexation.
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Figure 2. Facilitated transport mechanism of olefin molecules in polymer electrolyte membrane with Ag” ion.
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Figure 5. Nomenclature of the aromatic protons for
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Figure 6. 'H NMR spectra of SPEEK (dissolved in
DMSO d-6 ) (a) DS-0.80, (b) DS-0.98.
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Figure 7. Effect of the DS on synthesis ratio at
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Figure 8. Effect of the DS on reaction time at room
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Figure 9. Effect of the DS on reaction temperature
during 50h.

4-2. Membrane experiments
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Figure 10. Selectivity of isoprene over n-pentane on
difference of the degree of sulfonation.

H™7l= M10A 3=



174 SPEEK-AgNO; 2 o] ol £33 % £

& A}-3) isoprene/n-pentane E3E

M

]

U Aol wre] Az A, we] wd AR
SPEEK9] repeated unitol]l X|Z-EHSOso FEA|3}=
H'2 1M AgNO; &9 23] Ag' o]22
exchange”} dojdth. whehx] SPEEK®] repeated unit
of W& HSO:0l EAEFE, Ag'st &89 Atojel| n
-complexes7} ¥o] A2 7hsAo] dv= AS &
AT A EejA, DS7} &2 SPEEKE 717 o

ol A m-complexesel] 28 A FX fo] B}
o s dojdth= RS
DS7} w+-& SPEEKE HH 3 uhe] 7

% proton

Foll, 5ol

+ n-pentane®] Wt isoprenes] MEHZ7} A|7to] H

FHghol] wet FrFskAT Aol o] ZatE o

= Az 254 dY=rt Fache s
[e]

1;]__ uko] /ﬂﬂJ_\,:_ﬂ. AsE olfe Ag+7

Rl
o
2

ot
o,

1=}
lo
oX
ofr
B onl B HE ox ML o30 o
2 o 2 32

A=)
ﬁEﬁu—t‘:— -

= 2t

ohjet LW =Q 4

DS¢] SPEEK7} Zg

A, el E et

g g Heole € 9Fs F7] gl

activity7} @@ A1ZF B A= ek
o

Figure 112

B
=
Lo,
I
=
=.
SR
N
N
oy,
1->
o
ol
A
2
M
[}
o o L[

29,
Ay
%
I-A U

o @ 2 ro £

isoprene®} n-pentane?] fluxEs
Isoprene} n—pentanegl flux GA] DSell 93l 3
o wgr) =]

7k B Flux of isoprene
®  Flux of n-pentane

Flux (X 107 cm3/cm2/s)

07 ‘\'\4\.

0.75 0.80 0.85 0.90 0.95 1.00

The degree of sulfonation

Figure 11. Flux of permeated pure isoprene and
n-pentane on difference of the degree of

sulfonation.

CLEAN TECHNOLOGY Vol.10 No.3

Ag" o] &¥# Abo]9] m-complexationol] 2] g
X 5% I dojurdA F3E7] wjE ol DS7}
=0 GPEEKZ o|Fo]7 ma4E g5 9 il

= w-complexationol] 9]¢ FI7} H

o A% 9%S vIAA drh wEkA SPEEKS]

DS7} E7184E isoprene?] flux7t A F71ete

HH n-pentaned flux7} #AsSH HEde AE &

F ATk
5.4 E
ket DSE 7}X SPEEKE Ax3l9a, ol 'H

NMR spectroscopyE AH&3te] 4= it} SPEEK
o] Dse o8 7HA uke x4 oEdhe FFE Y
<o w2t F=g

A Aolg mYEd, W Azte] LoldsE 17

Ol%iﬂl UJ%OVJ SPEEKE o] &3}
SPEEK-AgNO;Z ©]F]% "2 jsoprene/n-pentane
T E A% F FF l"f:\j/] o]l &84
7171 918 A8tk D7 =
gt isoprened] MBI Z=9} fluxe
Yzt 2ol 8 A FAIZE = ATH=100h).
oleg ZAFE £ w & DS SPEEKE 7H Hhol
A EHAY F3gFo] et doldts As

Az

A EIE
n-pentane®]|

Q,

= 1
e, By o

%

2 d7e ArieRe] 214171 ZEE A5
ul-/\]_ﬁo] o]A]-ﬁ_E}_/J\_ x171— w fﬁﬁl 7] H

o] A7H] Y (BC1-108)L.2 S35 9]

i
MO
re

a

[ 1] J. Padin, R. T. Yang, “New sorbents for



9% - 3%% - 4

Aot

Al
2

ol ZF 3 - & dl 7 175

olefin/paraffin separations by adsorption via

-complexation: and effects of
substrates”, Chem. Eng. Sci, 55, 2607 - 2616

(2000).

synthesis

[ 2] Y. K Park, J. Y. Jeon, S. Y. Han, J. R. Kim

[ 3] R. B. Eldrige,

and C. W. Lee, “Catalytic cracking of naphtha
into light HWAHAK KONGHAK,
41(5), 549 - 557(2003).

olefins”,
“Olefin/paraffin  separation
technology: a review”, Ind. Eng. Chem. Res.,
32, 2208-2212(1993).

[ 4] D. ]J. Safarik, R. B. Eldrige, “Olefin/paraffin

[ 5]

[6] . .

separation by reactive absorption: a review”,
Ind. Eng. Chem. Res., 37, 2571-2581(1998).

C. J. King, “Separation processes based on
reversible chemical complexation”, Hand of
Technology, R. W.
Rousseau, New York, ]J. Wiley-interscience.,

1987.

Separation ~ Process

Blas, L. F. Vega, K. E. Gubbins,

adsorbents  for
separations by

Fluid Phase Equilib., 150-151,

“Modeling new ethylene/

ethane adsorption via w
-compleation”,

117-124(1998).

[ 71 R. S. Nyholm, “Proceedings of the chemical

society”, Proc. Chem. Soc., 273-296(1961).

[ 8] W. S. Winston, G. doyle, D. W. Savage, R. L.

Pruett, “Olefin separations via complexation
with cuprous diketonate”, Ind. Eng. Chem.
Res., 27, 334-337(1988).

[ 9] T. S. Seo, D. S. Hong, D. W. Jung, H. Y. Cho

and S. I. Woo, “Olefin homopolymerization
catalyzed over asymmetric and symmetric Ni
(I) diimine complexes”, Korean ]. Chem. Eng.,

19(4), 622 - 626(2002).

[10] Y. D. Jo, J. H. Ahn and S. K. Thm, “Effect of

active site distribution on liquid-phase olefin

hydrogenation over polymer-supported
palladium complex”, Korean ]. Chem Eng.,

14(2), 125 - 128(1997).

[11] J. W. Chang, T. R. Marrero, H. K. Yasuda,

“Continuous process for propylene/propane
separation by use of silver nitrate carrier and
zirconia porous membrane”, . Mem. Sci., 205,

91-102(2002).

[12] S. J. Son, D. K. Choi, H. S. Kim, S. H. Kim, S.

W. Kim, W. S. Hwang, “Separation of Isoprene
Compounds C5
mixtures”, Korean Chem. Eng. Res, 42(4), 420-425
(2004).

via  m-complexation in

[13] Winstein, S., Lucas, H. J., “The coordination of

[14] L

silver ion with unsaturated compounds”, J.
Am. Chem. Soc., 60, 836(1938).

Pinnau, L. G. Toy. “Solid polymer

electrolyte composite membranes for

olefin/paraffin separation”, ]. Mem. Sci., 184,
39-48(2001).

[15] S. Kaliaruine, S. D. Mikhailenko, K. P. Wang,

P. Xing, G. P. Robertson and M. D. Guiver,
“Properties of SPEEK based PEMs for fuel
Catal. 82, 213-222

cell application”,

(2003).

Today,

[16] S. M. ]J. Zaidi, S. D. Mikhailenko, G. P.

Robertson, M. D. Guiver, S. Kaliaruine, “Proton

conducting  composite  membranes  from
polyether ether ketone and heteropolyacids for
fuel applications”, ]. Mem. Sci, 173, 17-34

(2000).

[17] Y. H. Kim, J. H. Ryu, J. Y. Bae, Y. S. Kang and

H. S. Kim, “Reactive polymer membranes
olefin/
paraffin separation”, Chem. Commun., 195-196
(2000).

containing cuprous complexes in

[18] S. H. Kim, D. B. Kim, D. K. Choi, H. J. Lee,

H. S. Kim and J. O. Won, “Isoprene/pentane
separation using facilitated

membranes”, |. Mem. Sci., 233, 113-117(2004).

transport

[19] K. Nymeijer, T. Visser, R. Assen and M.

Wessling, “Super selective membranes in

gas-liquid membrane contactors for

HYJl= M10& HM3=



176 SPEEK-AgNO; 2 ©]Folzl %31 % &8 2§ AME-Sh isoprene/n-pentane &E3H&E £
olefin/paraffin separation”, ]. Mem. Sci, 232, “Casting solvent interactions with sulfonated
107-114(2004). poly(ether ether ketone) during proton
[20] G. P. Robertson, S. D. Mikhailenko, K. P. Wang, exchange membrane fabrication”, ]. Mem. Sci.,
P. Xing, M. D. Guiver and S. Kaliaruine, 219,113-121(2004).

CLEAN TECHNOLOGY Vol.10 No.3



