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1. Introduction

Facilitated transport membranes contaiping silver-polymer
electrolyte as a olefin carrier have been extensively studied for the
separation of olefin/paraffin mixtures[1-3). In the facilitated transport of
olefins, silver ions confined to the membrane medium form reversible
complexes with olefin molecules[4] Because of the reversnble ‘and
spec1f1c interaction of silver ions with olefin molecules, s:lver ions can
act as olefin carriers for facilitated transport in the membrane and then
lead a carrier-mediated transport in addition to a. normal Fickian
transport. Paraffins are unable to form complexes with silver ions and
permeate only through Fickian transport. This results in high
olefm/paraffm separation.

- Gas permeatlon can be improved through the preparation of a
composite membrane where a thin dense top]ayer is supported by a
porous sublayer. The thickness of toplayer determmes the efficiency of
the permeationm and the typncal thickness of the t0player obtamed from
coating processes was an order of micrometer. Alternative processes
that reduce the toplayer thlckness are des:rable In this respect, the
preparation of thin layered composxte membranes for -the olefin



facilitated transport has been studied in this laboratory[2].

In here thin layers using amine~terminated Starburst (PAMAM)
dendrimers that are covalently attached to the plasma-=meodified surface
of polydimethylsiloxane (PDMS) membranes were prepared The product
layers are densely functionalized and easnly modified. The coupling of ‘
the surface of dendrimers and functional polymer electrolytes leads to
covalently attached polymer electrolyte layers. Such dendrimer composite
membranes are complexed with AgBF; ‘and their gas transport behavior

of propylene/propane is investigated.

2. Experimental Section

Materials.  Fourth-generation ~ amine-terminated  poly(amidoamine)
(PAMAM) dendrimer of 10% in methanol (D), silver tetrafluoroborate
(AgBF4, 99.0%), 2-ethyl-2-oxazoline, methyl-p-toluenesulfonate, succinic
ahnydride, 1,3~dicyclohexylcarboimide, 4-dimethylaminopyridine,
N-hydroxysuccinimide were purchased from Aldrich and used as
received. Maleic anhydride (MAH; Junsei) and methanol (Merch RPA)
were purchased. Polydimethylsiloxane (PDMS, model # SSPM100)
membrane as a support was purchased from Specnalty Slhcone Products
Inc. (NY). : ‘

PDMS-Air-Dendrimer (PDMS-Air-D) 'composite membranes:
Plasma treatment was carried out usmg a R300A radno—frequency
generator (Autoelectrlc Seoul), operating at 1356 MHz and settmg at
50W. The PDMS samples were soaked in a boﬂmg methanol at 65°C
for 3 hrs in the flask equnpped with a reﬂx,,tx apparatus, then sonicated
for 1hr washed in pure methanol and deionized water several times and
dried in vacuum for 2 days. The PDMS membrane  was
glow-discharged in air for 1 min under the pressure of 0.02 torr. After
drying, all substrates were used for the composite layer formation
immediately. Different range of dendrimers was cast on plasma -modified
PDMS membranes by solution deposition-evaporation. After drymg at
room temperature, samples ‘were 1mmed1ately annealed in 120°C oven
for lhr to induce the reactlon of dendrimer with PDMS surface All
samples then were washed repeatedly with pure methanol several times
and dried. Different amounts of AgBFs; (1.6x10® - 1.6x 1078 moles/cm?)
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dendrimer - contains a reduced amount of oxygen (20%) and a certain
amount of nitrogen (11:8%). The reduction of atom % of oxygen i$ due
to the 'formation of ‘chemical bond between the 'dendrimer: and’ fhe
carboxyl group on the surface of PDMS membranes. ‘Similar behavior
was shown for the PDM$~MAH-D composite membranes. RN
The IR spectra- of composite mémbranes also change with
increasing loading amount ' of the dendrimer. The band for carboxyl
groups is observed at 1730¢m™ for plasma treated PDMS’ membranés in
air. This band disappears after addition -of the dendrimer, and new.
bands for amides at 1649 and 1551 cm™ appear as shown in Figure' 1.
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Figure 1. ATR FT-IR spectra of PDMS composite membranes. Spectra
are shown for membranes of (a) nascent PDMS, (b) plasma
treated PDMS (c) PDMS-AIR-D membranes deposited with
31 x 10, (d) 31 x 10™ and () 3.1 x 10 molés/em® of

- dendrimers.

PDMS-MAH-D ‘composite membraries show similar. - trends.
Bands for anhydride ‘groups are observed at 1858 and 1782 cm’ for
PDMS-MAH membranes. They are decreased :after the addition’ of
dendrimer, and new bands for amides at 1640 and 1550 ¢m™ appear.
The latter gradually increase their - intensi’ty with - inereasing '
concentration of the dendrimer. S g ' '

The gas ‘transport properties of a nascent PDMS membrane
and composite membranes are: suminarized in Table 1. All membrafies




show no selectivity of propylene over propane. As shown in the table,
the gas permeability decreased signiﬁcanﬂy with the existence of
dendrimer on . PDMS-AIR or PDMS—MAH miembranes 1mplymg the

barrier property of the dendnmer

Table 1. Gas permeabilities of PDMS composite membranes

Membrames :Propylene frqﬁane . , S_electivity
Nascent PDMS 13430 13850 097
PDMS-AIR-D 7500 6890 109
PDMS-MAH 2150 2130 101
PDMS-MAH-D 720 690 1.04
PDMS-AIR-D-POZ | 6970 7606 092

The effect of silver salt concentratlon on propylene permeablhty
was investigated. The propylene permeablhtles through the compos:te
membranes with mcreasmg loading amount of - AgBF4 are shown in

Table 2.

Table 2. Gas Permeance of PDMS i_:drhposite membranés with si'l{fgr‘

salt.
AgBF4 - PDMS-AIR-D PDMS-MAH-D
(x10 *mole/ [ — : T =1,
cm?) propylene | propane |selectivity | propylene . propane ’selgctivi:ty
16 | 10080 | 10110 | 108 | 2220 | 900 | 246 |.
3.1 8890 8860 1.00 2150 - ~
16 | 9460 | 8160 | 116 | 4410 | - -




As shown in the. table, the propylene permeabilities through
PDMS-AIR-D membranes were hardly changed with salt concentratxon ,
By comparison, the. propylene -permeabilities through PDMS-MAH-D.
membranes increased from 720 up to 4400 barrer with increasing silver
ion content. Meanwhile, the propane permeability through the. membrane
was unmeasurably small (less than 10 barrer). The ideal separation
factor for propylene/propane, defined as the permeability ratio of
propylene over propane, is more than 440 at hlgh silver concentratlonIG]

Although PDMS-AIR-D- POZ composite membranes  showed
reasonable facilitated transport behavior with the coordmation of silver
salt, the performance was not high enough. It was thought that the low
performance of this composite membrane is because of low loadmg of
POZ in this process.

4. Summary ‘

Thin dendrimer layer on polymer membrane was,_prepared. and
characterized by XPS and ATR FT-IR spectroscopy. The -dendrimer
layer reduced the gas permeability significantly, demonstrating its
bah*ier’ property. For PDMS-MAH-D membranes, the propylene
permeablhty and its ideal separation factor over propane mcreased from
ca. 720 to 4400 barrer and from ca. 1 to 440, respectively, with
increasing silver salt concentration. This excellent performance‘
predominantly was attributed to the reversible interaction of propylene
with silver ions mcorporated on maleic anhydnde layer.
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We assumed that- the permeability of propane is 10 barrer since it
was not detected being below the practical lower limit of the bubble
flow meter.



