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It is well known that natural rubber (NR)
contains non-rubber components such as
proteins, phospholipids and fatty acids,
carbohydrates and inorganic substances.
However, no reports on the direct mor-
phological evidence of non-rubber compo-
nents in solid have been published as far
as we know. Thus, the microscopic struc-
ture of NR was investigated by SANS in
this study. It was compared with those
of deproteinized NR (DPNR) and isoprene
rubber (IR). The results of small-angle X-
ray scattering (SAXS) and atomic force mi-
croscopy (AFM) were also discussed in or-
der to elucidate the structural characteris-
tics of NR. Peroxide-cross-linked NR and
IR samples were prepared by milling and
heat-pressing. SANS experiments were
carried out at SANS-U (C1-2), JRR-3M in
JAEA (Tokai). The wavelength was 7.0 Å.
The sample-to-detector distances were cho-
sen to be 2.00 and 8.00 m. The scattered in-
tensity were collected with an area detec-
tor and then circularly averaged. Dry and
swollen samples with deuterated toluene
were subjected to SANS.

The following conclusions were ob-
tained. (i) Both SANS and SAXS inten-
sities, ISANS(q) and ISAXS(q), of NR have
a strong q-dependence as shown in Fig-
ure 1, indicating presence of large scale
inhomogeneities. Here, q is the magni-
tude of the scattering vector. This strong
q-dependence disappears by deproteniza-
tion (DNPR). The inhomogeneities were as-
signed to protein aggregates, which was
supported by AFM. These aggregates were
found to be larger in size as well as in vol-
ume fraction than those of cross-link in-
homogeneities introduced by cross-linking
since cross-liking did not produce any sig-
nificant increase in scattering. (ii) IR does

not show such inhomogeneities. (iii) The
microscopic structures of swollen cross-
linked NR by deuterated toluene are suc-
cessfully reproduced by SANS intensity
functions consisting of squared-Lorentz
and Lorentz functions. The size of pro-
tein aggregates was evaluated to be of the
order of 200 Å or larger. (iv) Swelling of
both cross-linked NR and cross-linked IR
introduces gel-like concentration fluctua-
tions whose mesh size is of the order of 20
Å. These results indicate that NR possesses
inherent inhomogeneities in bulk and ad-
ditional thermal concentration fluctuations
in swollen state, respectively.[1, 2]
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Fig. 1. SANS (symbols) and SAXS curves (thin lines)
of NR rubbers (a) before (NR) and (b) after milling
(NR0) without cross-linker. The thick dotted and
dashed lines denote the fit with SL-function.
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