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Reverse osmotic (RO) membranes are
regarded as the most promising targets
for seawater desalination and waste-water
reclamation. In improving water quality,
one of the most significant problems is the
removal of boron which is harmful for hu-
man body. Boron usually exists as boric
acid (HBO3) in natural water. Recently,
high boron removal and energy saving
RO membranes for seawater desalination
have been developed by Toray industries,
Inc [1]. The functional surface material
of this membrane is aromatic polyamide,
which has a network structure with many
3-dimensional pores. Since the size of pore
(ca. 7 Å) is larger than the molecular size
of boric acid (4 Å), the mechanism of re-
moval of boric acid may be not a simple
molecular sieving effect, but a sort of ad-
sorption process on the polyamide surface.
Our purpose is to elucidate this mechanism
by investigating the dynamics of water and
polyamide using quasielastic neutron scat-
tering (QENS).

We have measured three wa-
ter/polyamide systems, C30H20O7N6-
nH2O (n = 3, 6, 11.5), on IRIS using a
PG(002) analyzer. The systems with D2O
water, C30H13 D7O7N6-nH2O (n = 3, 6,
11.5), were also measured; H atoms con-
necting to carbonyl and amino groups are
replaced by D atoms in D2O. The QENS
measurements were carried out at several
temperatures between 200 and 320 K. All
of the data were fitted well by

S(Q, ω) = R(Q, ω)⊗ [L1(ω) + L2(ω) + δ(ω)]
(1)

where Li(ω) δ(ω) and R(Q, ω) denote
Lorentzian, delta, and instrumental reso-
lution functions, respectively. The symbol
⊗ represents convolution. The relaxation
times were obtained from the half widths

at half maximum of the Lorentzian func-
tions at Q ≈ 1.4 Å−1. Figure 1 shows
the temperature dependence of the relax-
ation times. Taking account of a large in-
coherent scattering from H atoms, the mo-
tion of polyamide is mainly observed in
the D2O samples while the motions of both
polyamide and water in the H2O samples.
The present result demonstrates that there
are two kinds of motions. The faster relax-
ation may be for “free” (but confined and
not bulk) water and the slower one is for
polyamide and water strongly bound by
polyamide. The activation energy for the
slower relaxation indicates that the water
acts as a plasticizer to the polyamide and
they move together. More precise data at
a shorter time region (1 ps to 10 ps) are
required for the discussion of faster water
motion, which could be more important to
investigate the function of ROM.
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Fig. 1. Arrhenius plot of relaxation times of
bulk H2O, C30H20O7N6(ROM)-nH2O, and C30H13
D7O7N6(d-ROM)-nH2O.
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