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Comments and
Communications

The Electrochemical Restoration of Badly
Corroded Silver-Copper Alloy Objects

The ancient Egyptians and the peoples that followed
were well acquainted with the hardening effect of copper
upon silver (sterling silver coutding from 7.5% to 10%
copper). Accordingly, it is not uneommon to come upon
so-called ‘‘silver articles’’ during explorations and ex-
cavations of historical sites in Egypt or other countries
bordering on the Mediterranean Sea.

The objects we investigated were found in graves or
buried in the soils of Egypt, Greece, and elsewhere.
The objects when found presented the appearance of
badly corroded bronze objects with no indieation that
they were silver alloys. Accordingly, the objects were
classified as copper-tin ‘‘bronze.’’ They had the usual
green-gray crust of corrosion products comprising thé
hasie carbonates of copper, malachite, and azurite, to-
gether with a substructure of red cupri’;tpe: Tntimately
mixed with these copper compounds was a porous mass
of clay or sand.

Accordingly, we treated the objects by our standard
method for bronzes, making the objects eathode in a
29, solution of sodium hydroxide. It was not until the
copper - compounds had been reduced to metal that we
met with the first indication that silver was present in
this or that object. This silver was in the metallic state
and located underneath the reduced copper. On the
basis of the restoration results of a number of copper-
silver objects we have enough evidence to indicate that
the silver copper alloys were selectively corroded, copper
going into solution in the acid or salt solutions found in
soils. As long as any metallic copper was present this
would proteet the silver by causing it to become cathodic.
Accordingly, we find the silver metal imbedded in =
mass of copper compounds.

The corrosion of silver does not take place until all of
the accessible neighboring copper has been oxidized.
Corrosion proceeds radially from the original surface,
and at a certain distance away from the original phan-
tom surface the silver is precipitated, forming a strue-
ture that is frail but that reveals, somewhat magnified,
the details of design of the original object. After the
copper metal has been eliminated the silver is attacked
by soil acids or soil salts in solution in the moisture in
the soil: the reduction of- the several silver compounds,
notably the chloride and the black oxide, proceeds with-
out much dlfﬁculty ' Cer

In a number of cases we have observed that the silver
coin was larger in total volume than the original coin.
The same observation applies to other silver objects.
It would seem, therefore, that .in the corrosion of 2

silver-copper coin there are a number of more or less
distinet -steps or stages:

1. The attack of the copper constituent by the corrod-
ing liquid in the soil.

2. The migration of the copper compounds, such as
chlorides and sulfates into the porous or veined loamy
soil. Eventually these copper compounds migrate until
they reach the air and are then converted into basie
salts such as malachite.

3. The dissolution of the copper constituent of the
coin or other ‘‘hard silver’’ object continues through
many years until only the silver remains.

4. During this process of copper dissolution, the silver
constituent is electrochemically protected as long as
metallic ecopper is present.

5. As soon as the copper is all corroded its protective
action on silver stops, and the corroding agents attack
the silver.

6. Silver salts migrate through the soil and pass copper
salts until they encounter organic plant and animal
matter. This matter has a strong reducing action on
the silver salts and after considerable time has elapsed,
a somewhat enlarged pure silver replica of the original
“‘hard silver’’ object is formed.

7. These replicas are isolated during the process of
restoration. The reduction of silver ecompounds to silver
metal may not take place in the soil but it will take
place during the electrolytic process of restoration,

. JoLIN G. FINK
Columbia University,

New York City

A Third Record of the Whale Shark, Rhineodon
Typus, in the Caribbean Sea

In 1935, I published an artiele on the geographical
distribution of the whale shark in which all known speci-
mens were located. Because of its occurrence in the Gulf
of Mexico, off Havana, Cuba, in the Florida Keys, and
off the East Coast of Florida, I had long felt sure that
Rhineodon must be found in the Caribbean Sea. In 1926
and in 1934, second- and third-hand reports came in that
a great shark (thought to be Rhineodon) had been seen
off Trinidad in the Gulf of Paria, and that another had
been repeatedly observed off San Juan Harbor, Puerto
Rico. Every effort was made to get definite data for
each shark, but in the end these fish had to be put down
as unverlﬁed possibilities of whale sharks. .

First Record. Better fortune came later. On April
26, 1934, the New York Herald-Tribune recorded a great
shark rammed and killed by the Grace liner Santa Lucia,
on the run from Cristobal (Colon, Canal Zone) to Carta-
gena, Colombia. Correspondence with the Grace Line
officials resulted in a visit to my office by Chief Officer
A. E. Richards, who gave an exact déscription of the
great fish. Here, then, was the first definite record of
the occurrence of the whale shark in the Caribbean. This
observation I published in 1937.



