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14) Stabilization and Restoration of Archaeological Metal

Objects
Salvage of metal objects

Various metal items made from iron and nonferrous metals
were salvaged from disaster-damaged cultural facilities.
The following objects were salvaged from the RTCM and
transferred to the IPMM: ironware including the kenukigata-
warabiteto sword (No.3) (discovered in Iwaisawa, Otomo-
cho, Rikuzentakata City, designated as a Rikuzentakata City
cultural property) (Fig. 1) and copper alloy objects including
the Buddhist ritual gong (waniguchi) of the Jyozenji Temple
in Otomo-cho, Rikuzentakata City (designated as an Iwate
Prefecture cultural property) (Fig. 8) and a pot with a spout
(excavated from the Takekomagunmibora Site, Rikuzentakata
City) (Fig. 9).

In addition to the warabiteto sword discovered in Iwaisawa,
Otomo-cho, the collection of the RTCM includes two other
warabiteto swords. All three swords had been displayed in the
first floor exhibition room of the museum when the Great East
Japan Earthquake occurred. The swords were washed away by
the subsequent tsunami caused by the earthquake. However,
due to the concentrated effort put forth during the salvage
activities by the involved staff, all three swords were found
on May 6, 2011 in the dirt that had collected inside the first
floor repository (Figs. 2 and 3). The swords were subsequently
transferred to the IPMM (Akanuma 2012a, Akanuma and
Kumagai 2013). At the IPMM, the condition of the swords was
visually observed, recorded and X-ray transmission imaging
was performed on them immediately. Preservation treatment for
the three salvaged warabiteto swords had also been performed
at the IPMM approximately 15 years ago. When the X-ray
photographs taken at that time were compared to the ones taken
after the swords were salvaged, no significant deterioration was
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observed except for a partial loss of the handle of a kenukigata-
warabiteto sword (Fig. 4). It is assumed that preservation
treatment performed on the swords around 15 years ago
had helped suppress the progression of corrosion caused by
seawater damage.

Hardly any changes were observed in the condition of the
salvaged waniguchi gong (Fig. 8) in comparison to its pre-
disaster condition, except for the large amounts of dirt and sand
covering it. On the other hand, the pot with a spout (Fig. 9) was
found only towards the end of the salvage activities in a broken
state consisting of several pieces. They were discovered in a
large pile of dirt that had been removed from the interior of the
RTCM which was being dried to sift out small artifacts.

Stabilization and restoration of iron objects

The external appearance of the iron objects to be treated
was photographed. Then, X-ray transmission imaging was
performed to assess their internal degradation. Subsequently,
the dirt and sand particles affixed to the surface of the object,
and the rust formed on the surface was removed using bamboo
skewers and wire brushes. Cracks and voids were observed
all over the archeological objects, in which degradation had
already been progressing prior to the disaster. Dirt and sand
had filled in those gaps. Such dirt and sand was removed to the
maximum extent possible using an air brush.

As for the iron objects in which rust progression had caused a
yellowish-brown liquid to spout from the surface, samples were
collected from the layer of rust. Then, harmful elements which
promote degradation, such as chlorine (Cl) and phosphorus (P)
were analyzed by an electron probe micro-analyzer (EPMA).
Iron objects such as the warabiteto swords which had been
given preservation treatment prior to being damaged by the
disaster were immersed in acetone inside a draft chamber to
remove degraded resin. Then, the items were desalinated by
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Fig. 1 Warabiteto swords salvaged from the Rikuzentakata City Museum
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Fig. 2 Disaster-damaged first floor repository of Fig. 3 Warabiteto sword at the time of its recovery

the Rikuzentakata City Museum
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Fig. 5 Desalination of ironware
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Fig. 4 X-ray images taken before and after the disaster (Upper
image: before the disaster. Lower image: after the disaster)
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Fig. 6 Removing rust using a hand drill Fig. 7 Restoration of defective parts using a

paste epoxy
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immersing then in purified water (Fig. 5).

The desalination was performed using containers made from
polypropylene or polyvinyl chloride. The process was repeated
while periodically changing the desalination liquid until the
concentration of the eluted chloride ions in the liquid reached
a value equal to or lower than the chloride ion concentration in
tap water (6 ppm or less). Approximately 10 days were required
to complete the desalination process.

The desalinated objects were washed using an ultrasonic
cleaner, then were dried using low pressure. The rust collecting
on the material surface was removed to the maximum extent
possible using an air brush, a hand drill and/or a wire brush
(Fig. 6). After cleaning the material surface with ethyl alcohol,
a naphtha suspension containing 30mass% Palaroid NAD10
acrylic resin was introduced into the object by decompression
method. Resin introduction was repeated two or more times.
Among the considerably damaged iron objects including the
kenukigata-warabiteto sword, those with existing surveyed
drawings were treated by restoring the areas of loss based on
the drawing using a paste epoxy (Fig. 7), and then giving an
antique finish using natural mineral pigments.

Stabilization and restoration of copper objects
Dirt and sand fixed on the surface of the waniguchi gong and

the pot with a spout were removed in the manner previously
described, and the newly accumulated rust was removed
as much as possible using formic acid. Then, the objects
were desalinated using purified water (Fig. 10), dehydrated
using ethyl alcohol, and treated with benzotriazole (Fig. 11).
Subsequently, as with the iron objects, a naphtha suspension
containing 30mass% Palaroid NAD10 acrylic resin was infused
into the object by decompression method.

As described earlier, since the pot with a spout had been
broken and was recovered in a state of many separate pieces,
the minute pieces were extracted and analyzed by EPMA prior
to performing the stabilization. As a result, approximately 1
mass% Cl was detected. The analysis also revealed that the
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body of the pot with a spout was made from an alloy of copper
(Cu), arsenic (As) and tin (Sn).

Each piece made from this hard alloy was wrapped in a
nonwoven cloth, and an aluminum sheet was placed next to
the piece to be formed. Then, force was added gradually to
shape the pieces into the correct form according to the surveyed
drawing that had been kept at the IPMM. Shaped pieces were
joined together, and then the joined areas were formed again.
After completing all the treatments, the pot with a spout was
restored to a state almost identical to that of its pre-disaster
state (Fig. 12).

New discoveries

The archacometallurgical analysis conducted on the disaster-
damaged iron objects revealed that three types of steel were
used to manufacture the three warabiteto swords. Ironware
items made of steel with compositions almost identical to
either one of these three types have been found not only in the
Northern Tohoku region but also in the Kanto region and in
Hokkaido.

This suggests that it is highly likely that cultural exchange
of iron products had occurred in Eastern Japan in the 8th and
9th centuries. The task of stabilizing and restoring disaster-
damaged objects has provided us a significant opportunity to re-
evaluate the historical role the disaster-damaged regions have
played in Japan’s and Asia’s history.

It was possible to restore heavily damaged objects back to
their pre-disaster state mainly because of the scientific research
that had been collaboratively conducted by relevant institutions
during non-crisis times, and the fact that important scientific
data had been stored at a number of institutions. It is possible to
stabilize and restore many other metal cultural assets by using
the methods described in this research.

Hideo Akanuma (lwate Prefectural Museum)
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Fig. 8 Waniguchi gong salvaged from Rikuzentakata City Museum
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Pieces of the shattered pot with a spout
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Fig. 9 Stabilization and restoration of a salvaged pot with a spout
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Fig. 10 Desalinating the pot with a spout
(by soaking it in water)
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Fig. 12 Shaping and joining of the broken pieces
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Post-stabilization treatment
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Restored pot with a spout
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Fig. 11 Treatment using benzotriazole
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