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PRELIMINARY REPORT ON CHINESE BRONZES.
H. C. H. CARPENTER,

Professor of the Imperial College of Science and Technology,

England.

The following motes represent the first authentic examination of the bronze
specimens from the remains of the ancient capital of the Yin-Shang Dynasty in An-
Yang. The Editors are much indebted to Professor Davidson Black, who first
approached Sir H. C. Harold Carpenter for this work on behalf of the Institute. To
Sir Harold, the Editors wish to take this opportunity to express their gra.t:eful thanks
for his assistance—The Editors.

The specimens of early Chinese bronze are interesting as metal-
lographic specimens, particularly as examples of the mechanism of corro-
sion, but from the point of view of archzology they are rather unsatis-
factory, because they are so deeply corroded that an accurate chemical
analysis of the alloys is practically impossible.

The pieces of bronze are coated with a skin of malachite, below
which is a layer of cuprite, which appears to be the direct corrosion
product of the bronze. In each of the four specimens there is a consi-
derable thickness of metal below the cuprite, but unfortunately a form
of localised corrosion has penetrated right through the metal, and it is
only in isolated spots that the original material has remained intact.
All four specimens are ad bronzes, i.e. they consist of patches of the
duplex (a+9d) eutectoid in a groundmass of the a solid solution. This
heterogeneous structure has corroded selectively. The patches of eutectoid
have been attacked first, the corrosion spreading from patch to patch right
through to the centre of the specimen. Near the edges of the specimen
the corrosion has spread from the eutectoid areas into the surrounding
a. Micrograph No. 1 illustrates these points.

The small greyish patches in the lower part of the Micro. repre-
sent the od eutectoid, the white background being the o solid solution.
This is the original structure of the alloy, which, as may be deduced from
the structure, is a cast bronze containing about 17 per cent. of tin. The
black area at the top left-hand corner of the photograph represents the
complete conversion of the alloy into cuprite (probably contaminated with
tin), and all stages of the corrosion are represented by the gradual transi-
tion from the original bronze structure at the bottom, to the massive
cuprite in this corner of the micrograph.
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A close examination of the structure in the lower part of Micro.
1 will show that although most of the eutectoid areas are unattacked, a
few scattered patches have been corroded-—and this applies even to the
soundest parts of the specimen. It applies to all the other specimens too.
Micro. 2, for example, illustrates the structure of a typical area of the
least corroded part of specimen 1562. In this case about 50 per cent.
of the eutectoid areas have been corroded. In specimen 1161.2 the bronze
has been attacked still more deeply, and there is none of the original
eutectoid to be seen in any part of the specimen. Micro. 3 is an example
of the structure of this specimen.

In specimen 13859-2 there are some areas that have completely
escaped corrosion, but these are small irregular patches, about a millimeter
in diameter, and it would be out of the question to isolate them from the
corroded material for analysis. It is certain that drillings taken from
any of the specimens for analysis would contain some of the product of
corrosion of the eutectoid areas, and this of course would affect the resuit.

The problem is further complicated by the fact that the speci-
mens contain patches and veins of pure copper, which is another corrosion
product of the alloy. This is shown clearly in Micro. 4, which represents
an area of specimen 1359.2. The left-hand portion of this photograph
illustrates the original structure of the bronze, with island-shaped patches
of the eutectoid in a groundmass of a. The eutectoid areas in the right-
hand part of the micrograph have been corroded and converted incomplete-
ly into cuprite, and the o has been penetrated by crack-like veins, some
of which are filled with cuprite (dark grey) and others with copper
(medium grey). Some of the patches of corroded eutectoid are also
surrounded by a border of copper. The area represented here is one of
the least corroded parts of the specimen. In some parts, the seams of
copper are almost 1 millimeter thick. Redeposited copper is present in
the other specimens too, though to a smaller extent. Some small areas
are indicated in Micro. 2. The presence of these veins and patches
of copper would detract considerably from the accuracy of a chemical
analysis.

A certain amount of information as to the composition and mode
of manufacture of the bronzes can of course be obtained from the micro-
structure of the areas of the specimens that have escaped corrosion. For
instance, the microstructures show that the four bronzes are castings, and
that they have received no kind of heat treatment. Judging by the
structures, the composition of the alloys is as follows.
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SPECIMEN COPPER % TIN %

1562 85 15 (40)
1161-1 83 17 (40)
1359.2 80 20 (2b)
1161.2 — 10-20 (17)

Too badly corroded to allow
of closer estimate.

The figures given in brackets in the column representing the
percentage of tin, refer to the ratios given in K’ao Kung Chi for early
Chinese bronze objects. It will be observed that in two cases the com-
position estimated from the microstructure differs radically from the
traditional value. These estimates of the composition are accurate to
about *=2 per cent., as far as the proportion of tin to copper is concerned,
but other elements which may be present in the alloys are not detectable.

A chemical analysis might be no more accurate, but it would indicate the
presence of other metals.

H. C. H. CARPENTER.
September, 1st. 1931.
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CHINESE BRONZE ARROW HEAD.

The arrow head appeared to the eye to be solid bronze, with only
a superficial coating of malachite, but when sectioned, and examined with
the microscope, it proved to be as badly corroded as the previous specimens
from the same source.

Micro. 1 (unetched) represents the structure near the surface
of the arrow head. The grey corrosion-product is cuprite. Micro. 2
shows a typical area of the metal near the centre of the object. The
bronze here is not so badly corroded as at the surface, but it is too much
corroded to allow of an accurate chemical analysis of the metal being made.

Deep etching revealed a cored structure in the bronze, indicating
that the arrow head is a casting. The corrosion, as in the objects pre-
viously examined, has attacked the tin-rich areas first, spreading from
them into the surroundinga. Micro. 3, at a magnification of 900 diame-
ters, illustrates this point. No a+8& eutectoid could be seen in any part
of the specimen. As, however, the eutectoid is always the first constituent
to be corroded, and as the tin-rich areas, in which the eutectoid would be
located, were corroded even in the centre of the specimen, it is not
certain that the bronze originally contained no 8. It is therefore impos-
sible to estimate the composition of the bronze with certainty. From
the appearance of the least-corroded areas, however, it is clear that the
bronze contained very little 3, if any, and it may confidently be deduced
that the percentage of tin in the bronze is not greater than 10 per cent.
A reasonable estimate of the composition is: 4 to 8 per cent. of tin.
According to K'ao Kung Chi, the percentage of tin in early Chinese arrow-
heads is 40 per cent.
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