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AFM observation of surface structure of urushi (oriental lacquer) films

Yutaka Kataoka®™', Makoto KigucHi™', Masahiro Suzuki*?, Toshio KINOSHITA*?

Atomic Force Microscopy (AFM) was used to examine the surface structure of urushi (oriental
lacquer) films cast from filtered sap, ‘kurome’-treated, and ‘kurome’ plus roll-milled urushi liquid
with or without a high-temperature hardening process. AFM images showed that the roughness of
the film surface decreased with enhanced dispersion of water-soluble phase by the ‘kurome’ and
roll-mill treatments. Without high temperature, the roughness of the films for filtered sap,
‘kurome’-treated and ‘kurome’ plus roll-milled specimens was >200nm, 100-200nm, and<<100nm,

. respectively. This agrees with a model by Oyabu et al. that the surface structure of urushi film de-
pends on protrusions that occur due to aggregation of water-soluble phase beneath the surface. In
contrast, high temperature-hardened film surfaces showed crater-shaped depressions, which also
decreased in size with the ‘kurome’ and roll-mill treatments. Such craters may be formed due to
rapid evaporation of water from water-soluble phase near the surface and hence their size was af-
fected by the dispersion of water-soluble phase. Nano-scale observations showed that film surfaces
of sap and ‘kurome’-treated specimens hardened without high temperature were both filled with
small globular structures. The dimension of these structures was smaller for the ‘kurome’-treated
(20-40nm) than the sap film (30-60nm), also suggesting that the dispersion of water-soluble phase

might affect nano-structures of urushi film.
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Fig. 1 (a) Chemical structure of urushiol, (b) a surface structure model of urushi film*, (c) ultrastructure mod-

els for sap (right)' and kurome-treated (left) ' urushi films in which shell-core gels are supposed to be
formed”, and (d) a model of reversed urushiol micelles which are supposedly formed during urushi hard-

ening®.
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Fig. 2 AFM topographic images of naturally (enzymatically) hardened film surfaces for (a) sap, (b) kurome-
treated, and (¢) kurome-treated plus roll-milled urushi.
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Fig. 3 AFM topographic images of high-temperature hardened film surfaces for (a) sap, (b) kurome-treated,

and (¢) kurome-treated plus roll-milled urushi.
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Fig. 4 (a) AFM topographic, (b) background-removed and contrast-enhanced topographic, and (¢) phase-de-
tection images of film surface for kurome-treated and naturally hardened urushi.
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Fig. 5 (a) AFM topographic, (b) background-removed and contrast-enhanced topographic, and (c) phase-de-
tection images of film surface of naturally hardened urushi sap.
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