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the type of patina, its composition, and structure helps
the restorer choose appropriate methods of protection,
cleaning, and stabilization, and prevents improper inter-
ventions.
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Initially, it referred to a dark, glossy polish used for shoe
finishing and was later applied to describe the effects of
time on the surfaces of paintings. In general, patina re-
fers to a set of natural physical and chemical alterations
formed over time through interactions between historical
objects and their environment. In copper and its alloys,
patina represents one of the most significant manifes-
tations of surface alteration and plays a crucial role in
conservation decision-making, Although some scholars
distinguish between patina and corrosion, these concepts
often overlap in practice.

Materials and Methods

The environment plays a decisive role in the formation,
composition, color, and stability of patinas on bronze
objects. In many cases, ancient bronze artifacts reach
a relatively stable condition through long-term interac-
tion with their corrosive environment, which may slow
down or even halt corrosion processes. Key factors in-
clude the migration of copper ions from the alloy into
the surrounding environment, the penetration of soil
components into corrosion layers, and the redeposition
of copper as secondary minerals. Corrosion products
can be broadly classified according to their formation en-
vironment into soil, atmospheric, museum, marine, and
laboratory-induced patinas, with significant overlap be-
tween these categories. In soil environments, corrosion
behavior is influenced by pH, moisture, microbial activ-
ity, salt concentration, and the availability of oxygen and
dissolved carbon dioxide. In porous, COR-rich soils, en-
hanced copper dissolution may result in the enrichment
of tin oxide layers, whereas in clay-rich or calcareous
soils, thinner and more stable patinas tend to form. In
atmospheric conditions, airborne pollutants particularly
sulfur compounds are the main agents responsible for
the development of green sulfate-based patinas. Factors
such as acid rain, wind direction, and surface exposure
significantly affect corrosion patterns. Within museum
environments, gaseous pollutants including hydrogen
sulfide, sulfur dioxide, and organic acids, combined with
relative humidity, lead to the formation of black copper
sulfide spots on bronze surfaces. Overall, environmental
conditions directly influence not only patina composi-
tion and color but also corrosion intensity and conserva-
tion-related interpretations of bronze artifacts.

Results, & Discussion

Classification of patina based on corrosion pattern: Dif-
ferent surface patterns depend not only on the condi-
tions of the corrosive environment, including chemical
composition, pH, and other physicochemical factors, but
also on other parameters such as historical periods, metal-
working techniques, and even the type and dimensions of
the works. Three main characteristics can be mentioned
on coppet-based alloys, in relation to natural patina and

induced corrosion:

1- Prominent intergranular corrosion, which is generally
observed in works that have been heated or hammered.
2- A red copper oxide layer (a distinct cuprite layer) that
remains directly on the metal surface. The formation of
some corrosion products on top of each other is some-
times only possible under natural conditions. For exam-
ple, in bronzes buried in soil, a malachite layer forms di-
rectly on the cuprite layer adjacent to the original metal
surface. 3- A thick layer of corrosion, which increases
the thickness of the patina over time and becomes po-
rous. This thick layer can be in the form of a layered
structure that indicates the periodic phenomenon or
lasing in objects that have been severely corroded. Two
types of patina have been identified and described. Wet
patinas have a yellow-brown, dense, and smooth surface.
In contrast, dry patinas consist of thick, interconnect-
ed blue-green layers, sometimes accompanied by quartz
grains. These patinas are known to be a diverse mixture
of malachite, antlerite, and posenjankite. Corrosions are
generally classified into two categories, depending on
whether the original surface boundary of the effect is
still visible. In the first category (type 1 or uniform sur-
faces), the original shape of the effect remains intact. In
the second category the original surface is damaged and
cannot be traced. Patina cannot be considered indepen-
dent of the properties of the alloy and its surrounding
environment, because patina formation is the result of
physicochemical interactions between them. Corrosion
products in bronze objects are generally classified into
five groups: oxides and hydroxides, carbonates, sulfates,
phosphates and nitrates, sulfides, and chlorides, each with
its own characteristics and formation conditions. Oxides
and Hydroxides. Cuprite is one of the most important
corrosion products of copper and bronze chemical for-
mula CuRO. Sulfates, including brucanthite, are the most
stable and common corrosion products of copper alloys
under atmospheric conditionsLibetnite is an example of
such compounds. The minerals tagilite and semplite also
fall into this group.

Conclusion

Studies have shown that patina formation on bronze ob-
jects is a multifactorial process that is influenced by time,
the inherent properties of the alloy, and environmental
conditions. The type of alloy, the ratio of constituent el-
ements, the microstructure of the metal, the physical and
chemical conditions of the environment, the amount of
humidity, the presence of aggressive ions, and the type of
contact with soil or atmosphere all play a decisive role in
the formation, composition, and evolution of the patina.
Based on the results obtained, patinas formed on bronze
objects can be broadly classified into two main types
based on the presence or absence of the original met-
al surface (the indicator layer). Accurate knowledge of
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When dealing with historical
bronze artifacts, we usually en-
counter a layer called patina on
the surface of these artifacts. Un-
derstanding the nature, structure,
and function of this layer is one
of the fundamental issues in the
field of conservation and resto-
ration of historical metals In gen-
eral, patina in metals is defined as
a coating consisting of vatious
chemical compounds such as
oxides, carbonates, sulfides, and
chlorides, which forms as a result
of the long-term interaction of
the metal with environmental and
corrosive factors. The question
of what role patina plays in the
conservation, historical interpre-
tation, and restoration decisions
of bronze objects has provid-
ed the main motivation for the
present study to investigate and
scientifically understand this phe-
nomenon. In this article, while
introducing the concept of patina
and its types in historical bronzes,
we examine the factors affecting
the formation and evolution of
this layer, including environmen-
tal conditions and alloy composi-
tion.

Keywords: Ancient bronze, pati-
na, conservation, restoration

Introduction
The term patina has its roots in the

Italian language and has acquired
different meanings throughout
history. Initially, it referred to a
dark, glossy polish used for shoe
finishing and was later applied to
describe the effects of time on
the surfaces of paintings. From
the mid-eighteenth century on-
ward, the term became specifi-
cally associated with surface cor-
rosion products on copper and
bronze objects and gained a fixed
position in the literature of metal
conservation. In general, patina
refers to a set of natural physical
and chemical alterations formed
over time through interactions be-
tween historical objects and their
environment. In copper and its al-
loys, patina represents one of the
most significant manifestations
of surface alteration and plays a
crucial role in conservation de-
cision-making. Although some
scholars distinguish between pati-
na and corrosion, these concepts
often overlap in practice. Today,
bronze patina is regarded not only
as an indicator of age and authen-
ticity but also as a valuable source
of information for reconstruct-
conditions,
alteration histories, and for guid-
ing informed conservation and
restoration strategies. The term

ing environmental

patina has its roots in the Italian
language and has acquired differ-
ent meanings throughout history.
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