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Oxygen and nitrogen gases have been grouped
together because their physical properties are very
similar. Up to the present day all organic
polymer membranes have been found to show
a 2—5times greater permeability to oxygen than
to nitrogen." The polymer which shows the
greatest permeability towards oxygen and nitrogen
is poly(dimethyl siloxane) membrane. But, its per-
meability ratio of oxygen to nitrogen is about 2.?

On the other hand, a facilitated transport pro-
cess is currently being applied to gas separations.
This is a process in which the transport of solute
across a liquid membrane is augmented as a
result of a reversible reaction with a carrier
which goes to and fro between opposite faces
of the membrane. Several biological substances
are being used in this process as carriers. There
has already been a study concerning a millipore
membrane charged with a hemoglobin solution.’

In this paper, we suggest a new oxygen gas
permselective membrane using a new organic
polymer.

In order to raise the selectivity of oxygen
permeation; some organic groups which react
reversibly with oxygen are combined with a
polymer molecule whose membrane has very low

Table I. Gas permeability coefficients in PVA
membrane at 20°C®

Perm. coef., Ratio of
atio of perm.,
Gas cc(STP) cm Po,/Px
cm?sec cmHg
Oxygen 5.2x 10 —
Nitrogen 4.5x 10 1.2
Helium 33 x10u 0.16
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gas permeability. We chose N, N-dimethyl aniline
(DMA) as an organic group which reacts re-
versibly with oxygen. The molecular complex is
formed by the weak interaction of DMA with
oxygen molecules.* This complex dissociates in
a phase under a low oxygen partial pressure.
Poly(vinyl alcohol)(PVA) was chosen as a poly-
mer molecule whose membrane has very low gas
permeability. The gas permeability coefficients
of PVA® are shown in Table I. In order to
combine PVA with DMA groups, we adopted
the acetalization of PVA with p-dimethylamino-
benzaldehyde, which is the aldehyde derivative
of DMA. This reaction is shown in Figure 1.

PVA derivative was synthesized in the presence
of sulfuric acid catalyst. The PVA wused here
was type 224 produced by Kuraray Co., Japan.
The PVA derivative was purified by a solution-
precipitation cycle. It was confirmed by the
measurement of ultraviolet-visible and infrared
absorption spectra that this product contained
benzene rings but no aldehyde groups. The
content of acetal of this product was estimated
to be about 70% from the contents of carbon
and nitrogen, on the basis of quantitative ele-
mental analysis.

The hexamethylphosphorictriamide solution
saturated with this PVA derivative was cast on
a polyethylene sheet. A rubber-like membrane
was obtained after drying in vacuo at 55°C
for 2 days. This membrane was about 20 ym
thick.

The instrument for gas permeation measure-
ment was driven by the pressure difference be-
tween atmospheric and diminished pressures; gas
permeability coefficients were calculated from
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Figure 1. Reaction of PVA derivative formation.

Table II. Gas permeability coefficients in PVA
derivative membrane at room temperature
Perm. coef., Ratio of
atio of perm.,
Gas _Co(STP)em Po,/Px
cm sec cmHg
Oxygen 2.13 x10w —
Nitrogen 0.36gx 1010 5.8
Helium 10.3 x 10w 0.21

the pressure change in the low pressure region.®
Pure gases were used as permeative gases.

The results of gas permeation of the PVA
derivative membrane at room temperature are
shown in Table II. According to these results
the membrane permeation ratio of oxygen to
nitrogen is 5.8, and the gas permeability co-
efficients of the PVA derivative membrane are
increased about four orders of magnitude over
those of the PVA membrane.

The permeability to helium is about five times
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as large as that to oxygen. This result suggests
that the mechanism of gas transport through
this membrane would be different from that of
polydimethyl siloxane membrane, whose the
permeability ratio of oxygen to helium is about
0.6. We think this PVA derivative membrane
would be particularly interesting from the view-
point of the mechanism of gas permeation through
polymer membranes. More details of the PVA
derivative membrane and the mechanism of
permselectivity will be published soon.
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