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A new material for use in shaping has been created us-
ing urushi (Japanese lacquer) as a matrix, with natural fibers,
such as cellulose as a filler and a primary amine as an addi-
tive, to promote the lacquer curing reaction. The cured mate-
rial is characterized by exhibiting a strength comparable to
that of wood.

Urushi, or Japanese lacquer, a liquid obtained in the form of
sap from the Japanese lacquer tree (Rhus vernicifera), contains
the enzyme laccase. In general, this enzyme becomes extreme-
ly active under temperature and humidity conditions of 20-30
°C and 70-80% RH and an oxidation-reduction reaction be-
gins. Through this reaction, the principal component of urushi,
called urushiol, polymerizes and forms a coating.> Under
these conditions, the molecular structure of urushiol is thought
to adopt a reverse micelle form. The authors have made a pro-
posal as to the mechanism driving this reaction.>* In addition,
the primary amine is known to display good reactivity with
catechol compounds at normal temperatures.’~’

Accordingly, the authors sought to engineer a curing reac-
tion by making use of urushiol’s catechol ring, and adding
the primary amine, which has two or more 2-aminoethylene
groups, to urushi sap as an additive. It was predicted that this
would lead to a promotion of the curing reaction, leading to a
closer binding of the cured material due to a cross-linking ef-
fect. The effect of the reaction was to expand a urushi’s curing
condition range, while also giving the urushi sufficient cohe-
siveness to allow it to be used as a binder. By exploiting
this reaction, the authors attempted to develop a new complex
material.

A diagram of the manufacturing method is shown in Fig. 1.
A hybrid mixer is used for the mixing and degassing opera-
tions. The volume of the container used is 200 mL.

With regard to the composition ratio, cellulose as a filler
together with some clay as a viscosity adjuster made up 75—
80 wt %, while urushi as a matrix made up 20-25 wt %, and
the primary amine as a curing accelerator for the urushi sap
was on the order of 1 wt %. The amount of this additive with
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Fig. 1. Manufacturing process of “Urushi-Nendo”.

Table 1. Curing Properties of “Urushi-Nendo”

Curing time at Color difference®

Testing material

dwelling room/h L* a* b*

“Urushi-Nendo” 24 30.14 5.34 8.19
Without additive¥ 72 39.77 7.37 14.02
Without urushi liquid

and additive — 88.85 1.41 7.29
Urushi liquid

contained additive 3 28.63 9-29 218
Urushi liquid only 20 33.81 1972 11.07

a) HyN—(CH,),—NH, /diamine. b) L* /lightness, a* and b* /saturation.

respect to the urushi sap, which included 82.3 wt % urushiol,
was equivalent to 0.01 mol% of urushiol (the average molecu-
lar weight was 315.6).% Once the constituents were added and
allowed to mix, the material became clay-like through uniform
mixing alone. We later named this material urushi-nendo
(meaning literally “urushi clay”).

A comparison of the data related to the curing and color of
urushi-nendo and of urushi film is given in Table 1.

Firstly, the curing time should be considered. The mixture
without an additive took almost three days to cure, while com-
pared to the urushi-nendo cured in about one day, as shown in
Table 1. This was due to the effect of the additive’s action in
accelerating the urushi curing process under normal condi-
tions, a conjecture that can be assumed from the results of data
obtained from measuring the curing rates of urushi films both
with and without the additive being present, and as such it can
be considered to be a valid result. In addition, although the two
types of samples displayed a number of properties in common,
the urushi-nendo tended to exhibit a great deal less exudation
of urushi, as compared to a mixture with no additive present.

Next, the color difference should be considered. Because the
curing reaction of urushi proceeds favorably in the presence of
an enzyme, we were able to confirm decreases in both the sat-
uration level and the lightness of the mixture.* With the addi-
tive present, the curing reaction of the urushi was accelerated
through the same effect, and the color of the mixture became
darker, in line with the measurement results given in Table 1.
By observing this color change, we were able to confirm the
progress of the urushi curing process.

Comparison data on the mechanical properties, such as the
strength and hardness of urushi-nendo, its related materials,
and wood as a control, are given in Table 2. In addition, com-

Published on the web September 10, 2004; DOI 10.1246/bcsj.77.1789



1790 Bull. Chem. Soc. Jpn., 77, No. 9 (2004)

Table 2. Mechanical Properties of “Urushi-Nendo”

© 2004 The Chemical Society of Japan

Testi terial Flexural stress  Durometer Specific gravity  Cross cut friction
esting materia at break/MPa  hardness/HDD®  (dry condition)  test/Point

“Urushi-Nendo” 37.1 70.5 1.27 —
Without additive? 13.8 62.0 1.18 —
Without urushi liquid and additive 5.7 51.3 0.97 —
Wood (“KIRI” /paulownia) 34.7 37.4 0.38 —
Wood (“SUGI” /cryptomeria) 63.7 33.2 0.29 —
Urushi paint on “Urushi-Nendo” — — — 4
Urushi paint on ABS resin — — — 0-2
Urushi paint on a wooden bowl (on the market) — — — 24
a) HyN—(CH,),—NH; /diamine. b) 100-40 h/h: depth of dimple (mm).

parison data for adhesion when a coating of urushi film is but as a new forming material.

applied to typical molding materials are shown. .

Experimental

First, the mechanical strength should be considered. A com-
parison test of each material’s flexural stress at breaking was
performed. Flat plates were cut and 5 x 10 x 100 mm test
pieces were made in order to compare the effects of the indi-
vidual components in the urushi-nendo. The test began with a
cured specimen made using only a filler and a quantity of vis-
cosity adjuster (but with neither urushi sap nor additive) as a
standard. Then, a specimen in which urushi sap was impreg-
nated into this mixture and the strength of the resulting cured
specimen (without the additive) were compared with that of
the standard specimen. This revealed that with the addition
of urushi the strength of the material was almost doubled.
Next, the strength of the urushi-nendo (to which the additive
had been added) was measured and compared against the
standard specimen, with the result that this material was found
to have almost seven-times the standard specimen’s strength.
Conversely, a distinctive feature of urushi-nendo is that it ex-
hibits constant strength independently of the load’s orientation,
distinct from the wood.

The reasons why the material’s strength increases with the
addition of an additive are as follows. The fact that adding
an additive results in a harder coating has been confirmed by
comparing cases in which an additive was and was not added
to urushi film.%° This effect is due to the increased density of
the urushiol’s reverse micelle particle structure and the tighter
binding of the coating. Looking at comparison data with re-
spect to the surface hardness and density reveals that both sets
of data display an increase in values when using a binder for
the urushi, and that these values increase further with the ad-
dition of an additive. A comprehensive analysis of these results
indicates that curing urushi sap in the presence of an additive
produces a cross-linking effect that increases the resulting ma-
terial’s density, and also improves the adhesion with the filler,
which can be interpreted as being linked to an increase in
strength. Through this, the closer binding of the cured urushi
material due to the cross-linking effect was confirmed.

Urushi-nendo is a material created through a curing reaction
in the presence of an enzyme at room temperature and under
low-humidity conditions, which is one of the factors that
makes urushi such a difficult substance to handle. Thus, one
of its features is that it eliminates the difficulties in handling
urushi. Moreover, urushi-nendo is a new material made by us-
ing natural substances and that uses urushi not only as a paint,

Materials. The urushi sap used in this experiment was ob-
tained from China, and nothing was added to the urushi after
sap collection. In this experiment, dodecamethylenediamine was
used as the primary amine, although the same effect has been con-
firmed with similar types of diamine, dendrimer (generation 1.0
MW  316.54); DAB-Am-4/N,N,N’,N'-tetrakis(3-aminopropyl)-
1,4-butanediamine),’ with different numbers of methylene chains.

Test Piece Production. A sample used to measure the curing
time of the urushi-nendo was spread uniformly to a thickness of
2 mm on a glass plate.

To prepare test pieces for tests concerning the physical proper-
ties, a quantity of urushi-nendo was formed into a flat plate meas-
uring 5 x 50 x 100 mm and made in the manner previously men-
tioned.

Measurements. The curing time for the urushi-nendo was set
as the time when the maximum hardness became constant, as
determined using a durometer, known as a type-A hardness tester.

For the flexural stress at a breaking test, 3-point bending was
measured using a universal testing machine with the distance
between fulcrums set at 40 mm and a head speed of 2 mm/min.

The durometer hardness was measured using a type-D hardness
tester durometer based on JIS K7215 tests.

A cross-cut stripping test was performed with one hundred
squares at a clearance interval of 1 mm based on JIS K5600
(ISO 2409) tests.
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