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ABSTRACT

In this article, six metallic book covers of ecclesiastical books and a metallic pair of church ornaments, used
as a decorative in the church, are studied. These objects are dated in the 19th century and derive from Saint
Mavra and Timotheos Church in Zakynthos Island in Greece. Physicochemical analysis provided infor-
mation, such as the construction metals, which was brass (copper and zinc alloy) in five of them with nickel
as coating, one was made of silver along with the pair of church ornaments and specimens of enamels in var-
ious colors (blue, green, red), in order to proceed to the collection’s conservation. Specifically, Stereo Micro-
scope was used in order to provide information about the microscopic features and X-ray fluorescence to
grant with both quantitative and qualitative results of the chemical composition. The conservation method
based on the results of the physicochemical analysis was decided, aqueous solutions of chemicals and pastes
were used after the proper cleaning tests, as the procedure was completed the objects were in a stable state,
protected by a varnish coating from further corrosion. The results of the study and the conservation process
are documented, providing important information about metalwork in the 19th century in Zakynthos Island
and the conservation approach.

KEYWORDS: Metallic book covers, Zakynthos, physicochemical analysis, Stereoscope, X-ray fluorescence
analysis (XRF), conservation, Christian church
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1. INTRODUCTION

The metallic book covers are categorized by the
type of ecclesiastical book they decorated, there are
three covers from a Gospel, three from an Apostle
book and a metallic pair of ornaments. In 2005, a fire
broke out in the church and burnt almost every-
thing, including the books that the metallic covers
were attached. Each object was studied separately
but also as a part of a collection, the results were
assembled and compared.

The history of metals unfolds through the ages in
relation to the technological development and skills
of past (prehistoric) societies. Gold and silver, were
the first metals that the first men discovered in na-
ture before 3.000 B. C, along with copper. Gold and
silver’s shine and slow corrosion rate made them
easy to trace from men. Copper is an important
chapter in human history, with bronze and brass to
follow along, around 2.000 B. C. Iron in different
forms was easy to use and was discovered com-
bined with nickel in meteorite deposits (Treister
1996; Kirk et al., 2003; Tolcin, 2008; Rosenberg,
1968).

Metalwork includes various techniques of metal
processing. The ecclesiastical metalwork refers to
objects that have a kind of use in a church, either
liturgical, or decorative. The metallic covers of
ecclesiastical books are of particular aesthetic value,
and vary in construction techniques and decoration,
such as glazing, plating, patination, leaf decorations
etc (Lasseter - Clare et al., 2008).
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The objects” basic construction metals are silver,
copper, zinc and nickel, determined by the physico-
chemical documentation held by X-ray fluorescence
(XRF) and provided further information about the
construction materials, the collection’s surface fea-
tures were documented by the Stereo - Microscope.
The quantitative and qualitative analysis of the ob-
jects not only gave information on the historical
background, but also in the procedure to be fol-
lowed during conservation. The non-destructive
physicochemical analysis was critical due to the va-
riety of their visible features such as color, shimmer,
surface etc. In addition, the lack of documentation of
artifacts similar to the collection, and the minimum
bibliography about metalworking techniques of that
time and a conservation approach to such items,
made it clear that physicochemical analysis was the
only source of further information.

Metal corrosion is a natural process, which con-
verts a refined metal mechanically and chemically,
and it depends on the metal and its environment.
Studying on the reactions of each metal, contributed
in the understanding of their preservation status.

Finally, spot tests were conducted in order to find
proper conservation methods and materials. The
conservation process is presented, along with the
materials that were used. A concise report on pre-
ventative conservation of metal objects was made.
The results were studied and conclusions were
made regarding the metalwork in the area and the
conservation process.

Figure 1 Map of the Balkan States 1899 Map from "Stanford's Compendium of Geography and Travel: Europe" Vo lume
1, 1899 and the island with the objects
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2. DESCRIPTION OF THE COLLECTION,
HISTORICAL DATA

The collection that is studied was saved from a
fire that took place in the church, and that is the rea-
son that only the metallic covers from the books ex-
ist. The collection includes three metallic covers
from a Gospel, three metallic covers from an Apos-

Figure 3. Metallic book covers AM4, AM6 and the metallic
pair of church ornaments AM5.

3. METALWORKING

Metallic materials are a combination of metallic
elements that are composed by inorganic com-
pounds. An alloy is a mixture of metals, a combina-
tion of metals may reduce the overall cost of the ma-
terial while preserving important properties (An-
derson et al., 2003; Callister, 2000).

tle Book and a pair of church ornaments, which
thought to be books” ornaments at first (Figs 2, 3 &
4). The covers’ designs are embossed and look intag-
lio in their backside (average maximum dimensions
25 cm X 35 cm). The pair of the ornaments portray
faces of angels decorated with wings, (9-8,5 cm X
4,5-4,5 cm), with hanging ledges (3,9 cm - 3,4cm).

Figure 4. Metallic book covers AM7 and AMS.

The art of metalworking, that is the various tech-
niques used to process metals, start to appear in the
ancient times. This art originated categories of spe-
cialization according to the kind of the metal and the
objects that were to be constructed. The most com-
mon metals are gold, silver, copper, brass and less of
all lead (Zora, 1980).

SCIENTIFIC CULTURE, Vol. 4, No 2, (2018), pp. 85-95



88

C.K. KOUSOUNI & A. PANAGOPOULOU

Luxurious metallic bindings have been found in
holy books. A Gospel with a silver or a gold binding
always gave a hint of splendour in a church. Rarely
there was a New Testament and later on 19th centu-
ry AD there are metallic bindings in Apostoles’
books. Important criterion of possession of luxuri-
ous ecclesiastical objects is the economic prosperity
and the reputation of the temple.

It is important to note that the sacred objects are
not always works of art, even if their manufacturing
metal is precious. Usually catalytic role is played by
the origin, the craftsman and the style, which is the
only evidence to verify the lab and the craftsman,
and the person making each donation to the temple.

The art of metalworking of silver and gold is di-
vided into chronological phases, the first phase is
the post-Byzantine (until the early 18th century), the
second is the Modern Greek and includes works
created from the early 18th to the early 20th century,
which is quite affected from the west (Ikonomaki-
Papadopoulos, 1990, 1991).

In Zakynthos Island there is a tremendous tradi-
tion in metalworking, mostly with silver and gold,
there was a variety of objects that sadly didn’t sur-
vive all the natural disasters that the island suffered.
Everything that was found is just a specimen of the
work that locals did. Kallarites is a village in Epirus
that had a lot of metal workers and a great tradition
in working with silver, they are those who brought
new techniques in Zakynthos (Kousouni et al,
2017).

In order to manufacture a metallic book cover, a
metal sheet must be processed. The starting material
is a rolled sheet, in the formation procedure the
thickness of the work - piece does not change drasti-
cally. The pressure is applied to the metal sheet by a
press, the process is known as stamping. Other
techniques are shearing (cutting), drawing (pressing
in a cylindrical shape), bending (deformation of a
sheet into an angle) and spinning (pressing in order
to form hollow shapes) (Creese, 1999).

The techniques and the materials used to con-
struct such covers are various, different metals and
they were mainly forged with cast elements, incised,
impressed or embossed with additional elements,
such as gold plating, enamels (which are used as
decoration in object AM4, manufactured according
to Clossoine technique), niello coatings, precious
and non-precious stones, wire decorations, metal
clasps and detailed carved inscriptions. Bookbind-
ing slabs of wood with leather lining (usually dark
brown) or cloth, nailed with metal plates, are men-
tioned (Zora, 1980).

The techniques used to attach the metallic covers
to the books were various. In this collection it seems
that an adhesive was used. During the 17th century
was used a gelatine mixture (slurry wheat boiled or
rice) with alum, which is a double salt of aluminum
sulfate and potassium, while in the early 18th centu-
ry, rosin was used too, either in pure form or in
combination with alum. Information indicate that
the bindings of books in the 19th century, using var-
ious kinds of organic adhesives.

The craftsmen who had influences from the east,
used an organic glue made from wheat or rice, the
so called gelatine, which they dissolved in water
and then added alum. Those with western influ-
ences, used organic adhesives using animals’” bones,
cartilage (except pig) and skin, such as rabbit-skin
glue. There was a kind of fish glue which was not
particularly used (Young, 1995; Diehl, 1980; NPCS
Board of Consultants & Engineers, 2016; Kousouni
etal., 2017).

4. PRESERVATION STATUS

The objects are in their entirety in a critical
preservation status. The documentation of their
state is a key part towards the understanding of the
mechanisms of the preservation of the materials, but
also the environment in which they were exposed or
stored. In this way the proper conservation materi-
als and methods can be selected.

All items had suffered mechanical strain, they
had apertures, distortions, deformities, material loss
and deposits such as dust, soot and remains of some
kind of adhesive (Fig. 5). The most important differ-
ence between the metallic covers and the pair of
church ornaments, is the kind of oxidation that each
one of them produced, and that varies as a result to
their different metals and alloying and coating pro-
cess. A fact to mention is that the metallic pair of
ornaments have not any severe mechanical strain,
except a small aperture in one of an angel’s face.

Studying the construction metals of the objects,
copper, silver, nickel and zinc, gives us information
about their basic corrosion products. The basic ox-
ides of silver (Ag) are, the silver sulphide or argen-
tite, AgyS (black) and cerargyrite or silver chloride,
AgCl (purple - gray), of copper (Cu) are, tenorite,
CuO (black), cuprite, CuxO (reddish - orange), nan-
tokite, CuCl (white) and atakamite CuCl, (green),
(also known as copper’s disease), of nickel (Ni) is
the nickel oxide, NiO, (green-black) and the oxida-
tion of zinc (Zn) is the formation of a basic carbonic
coating (Hamilton, 1999; McNeil et al., 1992; Copper
Development Association 2016; Callister, 2000; Por-
ter, 1991; Lide, 2004; Chatterjee, 2001).
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Figure 5. Various decays from the metallic book covers and the metallic pair of church ornaments.

5. PHYSICOCHEMICAL ANALYSIS

Material identification through physicochemical
analysis is an important and necessary step, as it
covers details of the historical background of an ob-
ject, but also gives a specific direction for the con-
servation process, to choose appropriate materials
and methodology. The main objective of this study
was the observation of objects, as well as the quanti-
tative and qualitative analysis of the manufacture

materials (construction metals and their concentra-
tion).

The stereoscope is a very useful detailed observa-
tion instrument, particularly for the collections” ob-
jects, because of the embossed and intaglio surfaces
(Figure 6). The procedure was non-destructive and
was done with Stereo Microscope Leica M205FA
(160x), with fixed focus 7,8x, on all shots (Hodges,
2003).

A2 2B ANG_3

ANG_1

The surface is
covered with soot deposits,

completely

except for some areas that the [well as
metal can be seen (possibly
gold leaf coated brass). The
intaglio surfaces are apparent.
cells.

Enamel residues in red and
green color are in the cells, as
traces
material. In the picture shown,
a part of decoration, that the
pattem is changed, in circular

The embossed surface is a part of the
wing. Small incisions in the left are a
part of the object. The surface is
completely coated by soot, however,
oxidation products appear, that either
belong to the object and are dernived from
the small quantity of copper, or they are
transferred through contact with another
object.

of burnt

Figure 6. Shots from the Stereo Microscope
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Methods that are based on the X-Ray functions,
based on the structure of a material (elemental
atomic structure or microcrystalline structure), can
provide information on solid materials and can
identify traces. The purpose of the analysis with X-
ray fluorescence spectroscopy, is a quantitative and
qualitative documentation of the objects in the col-
lection. The verification of the alloy components, in

Table 1 Qualitative and quantitative XRF results (Source

the construction metals of the objects, provide in-
formation, that are a criterion for the proper selec-
tion of the conservation materials and method,
though constituting a mean for finding historical
information. The analysis was carried out with XRF,
Thermo Scientific Niton XL3 + GOLDD (Mantler et
al., 2000; Beckhoff et al., 2006; Liritzis, 2011).

: NCSR Demokritos, Laboratory of Archaeometry, Athens)

CODES - OBJECTS Sh [6n |Cd |Ag As |Au |Ph In Cu [N Co |Fe |Al |P 5
AM]_68 Gospel Metallic Cover 1.2% 0.3% 273% | 58.3% | 11.4% 0.3% 0.3% | 0.5%
AM]1_69 Gospel Metallic Cover 0.5% 33.3% | 65.0% 0.5% | 0.6%
AM2 70 Gospel Metallic Cover 0.6% 244% | 52.3% | 18.2% 27% | 1.8%
AM2_71 Gospel Metallic Cover 0.1% 0.8% 33.2% | 61.1% 26% | 2.1%
AM4 72 (blue enamel)
Gospel Metallic Cover 3.0% | 1.2% 3.9% 37.1% | 04% | 26,5% | 11,3% | 3.1% | 04% | 2,0% | 03% | 10.9%
AM4 73 (red enamel)
Gospel Metallic Cover 0.6% | 01% |84% 39.7% | 0.1% | 24.7% | 13.9% | 0.1% | 04% | 1,7% | 0.3% | 10,0%
AM4_74 (green enamel)
Gospel Metallic Cover 13% | 0.1% | 6.4% 262% | 01% | 374% | 18.4% | 02% | 03% | 1.6% | 0.2% | 7.7%
AM4 75 (metal surface)
Gospel Metallic Cover 0.1% 04% 50.8% | 46,3% 05% | 1.0% | 0.9%
AMS 79
Metallic pair of church ornaments 88.7% 09%09% |0,1% | 54% 0.7% | 04% | 2.9%
AMS 80
Metallic pair of church ornaments 88.4% [ 0.1% | 06% | 12% |02% | 52% 0.1% 02% |3.9%
AMEG6_76 Apostle book metallic cover 0.1% 22.6% | 64.8% | 104% 04% 1.7%
AM7_77 Apostle book metallic cover 94 6% 0.2% 49% 0.3%
AMS_78 Apostle book metallic cover 0.2% 28.3% | 56.2% | 14,7% 0.1% | 04%

The results from the X-ray fluorescence analysis
(Table 1), were very enlightening as 5 of the metallic
covers are an alloy of copper and zinc, the well-
known brass, and only one of the covers and the
metallic pair of church ornaments are made by sil-
ver. The range of copper varies in percentage as it
comes from 4,9% to 65%, high amounts of copper
are in items made of brass, with zinc to follow along
as a part of the alloy from 22,6% to 33,3%. Silver is
the construction metal of 3 objects in amount of
88,4%, 88,7% and 94,6%, copper and zinc are in
small amount in these items. Nickel as the plating
metal in brass objects comes from 10,4% to 46,3%,
with none traced in the pair of church ornaments. In
some items there are small amounts of gold, iron,
silver, lead, aluminium, phosphorus, and others,
and in all of them there is sulphur.

The basic construction metals of the collections’
objects are brass (copper and zinc alloy) with nickel
plating and silver. Brass and silver are really com-
mon in ecclesiastical metalwork, although nickel
was not to be expected its presence was justified as a
protection coating and placing the objects in the 19t
century. Brass was easy to process but susceptible to
oxidation, nickel plating provided with protection

and a silver color look that made the objects appear
more luxurious.

In enamels there are various elements such as
copper 20-40%, nickel 10-20%, phosphorus 25-40%,
sulfur 7-11%, arsenic 3-9%, aluminum 1,5-2%. In the
blue enamel, the pigment is made by cobalt (3,1%)
and copper (26,5%), the red enamel is made by iron
(0.4%), copper (24,7%) and lead (39,7%), the green
enamel is made by copper (37,4%), nickel (18,4%),
iron (0,3%), cadmium (1,3%) and cobalt (0,2%). The
specific concentrations of the elements in the enam-
els give in each of them their distinctive colour.

6. CONSERVATION PROCESS

Cleaning tests (spot tests) were made on small ar-
eas of the item’s which had deposits and oxidations
with primary goal to choose the most suitable con-
servation method. Aqueous solutions of chemicals
were used by using cotton swabs, applied with cir-
cular motion and alternate the friction and time
needed, and patches of the solutions or cleaning
pastes. Aqueous solutions were made using deion-
ized water, and after the spot test, they were well
washed with deionized water (the same method
was used in the conservation process). Afterwards,
the proper methods were decided and implemented

SCIENTIFIC CULTURE, Vol. 4, No 2, (2018), pp. 85-95
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for each item, as a criteria was the impact of the ma-
terials on each object and the reaction of deposits

and oxidations. The following table (Table 2),
demonstrates the materials that were used.

Table 2 Conservation materials

ITEMS’ CONSERVATION MATERIALS
CODES
Acetone Ethanol Ammonium Aqueous Aqueous Agqueous formic
bicarbonate formic acid formic acid acid, thiourea
(C3H60) (C2H60) paste patch solution 8% | solution 10% and Desogen
wiw w/iw biocide solution
AM1 Removal of residues Removal of Removal of Removal of Removal of
from adhesive substance | dust and dirt | oxidation from | oxidation from intense
deposits the surface in | the surface of deposits -
front the backside
AM2 Removal Removal Removal of Removal of Removal of
of dust of residues oxidation from | oxidation from intense
and soot from - the surface in | the surface of deposits -
deposits adhesive front the backside
substance
AM4 Removal of dust and Removal of Removal of
soot deposits dust and soot copper and
deposits - nickel’s -
oxidation
products
(CuCly, NiO)
AMS Removal of dust and Removal of Removal of
soot deposits - oxidation from - - oxidation was
the surface more effective.
AM6 Removal of Removal of Removal of
- dust and soot oxidation from | oxidation from -
deposits the surface the surface
AM7 Removal of dust and Removal of silver
soot deposits - - - and copper’s
oxidations.
AMS Removal of dust and Removal of Removal of Removal of
soot deposits dust and soot oxidation from | oxidation from
deposits the surface the surface -

The main oxides that were removed from the
items were nickel’s oxide (NiO), copper’s oxides
(atakamite CuCl> and cuprite CuO) and silver
sulphide or argentite (Ag:S). Even though the
collection was eventually cleaned, there were a lot of
spot tests, in order to find the proper materials.
Various tests were carried out in object AM2, one of
them was with aqueous solution of nitric acid 3-7%
w/w that was not quite effective. In object AM6
aqueous solutions of 5% ammonium thiosulfate, of
glycerol with sodium hydroxide and of Rochelle Salt
with sodium hydroxide, were used, which, while
they were effective in removing oxidations, lead to
the weakening of the nickel plating.

Dust and soot deposits were not an easy matter,
as they were hardened by the fire, such as the
residues from an adhesive substance that was used

to attach the metallic covers on the books (the
substance was not identified by the XRF analysis,
due to the alteration of the material, that was caused
from the fire). Probably workers from the church
had made an effort to clean soot deposits from the
objects, although the embossed or intaglio surfaces
and melted material, did not made it possible (Scott,
2002; Ashton, 2004; Cronyn, 1990).

A varnish coating concluded the conservation
process (Figs. 7 & 8), with an acrylic resin solution of
Paraloid B72 5% w/v in acetone, with a soft brush.
The choice of Paraloid B72, was a safe option to
create a protective film, mainly because the
manufacturing alloys of the objects, contain various
proportions of metals and alter their expected
reactions (Ready et al., 1999).

SCIENTIFIC CULTURE, Vol. 4, No 2, (2018), pp. 85-95



92

C.K. KOUSOUNI & A. PANAGOPOULOU

Figure 8. The collection after varnish coating.

7. PREVENTATIVE CONSERVATION

The main goal when preventative conservation’s
parameters are taken, is to reduce the chance of any
further damage for the object. Therefore, any object
should be displayed or stored in a controlled area,
with proper preservation conditions. Metallic items
require physical and chemical stability by a config-
ured climate. Display units should be manufactured
by compatible materials such as aluminium, stain-
less steel, sulphur and chlorine free fabrics, acrylic
resins as coatings or adhesives that are chemically
stable, impervious, and do not attract dirt.

Environmental conditions should be controlled
strictly. Humidity RH should be below 40%, alt-
hough it can even reach 15% depending on the met-

al and lighting in 200 - 500 lux, apart from metallic
items combined with sensitive materials, in that case
150 lux are recommended. Temperature cannot
cause immediate damage. Many objects are trans-
ported from place to place, but when it comes to
safety there should be a secure plan, that will main-
tain the stability needed. Metallic items are trans-
ported in boxes (metallic or antacid cardboard box-
es), that are stabilized with polyethylene sheets
(Ethafoam) and wrapped with antacid paper (Wat-
kinson, 2010; Hatchfield, 2002; King et al., 1992;
Stolow, 1987). As a result such integrated approach
aids sustainability via archaeometrical-conservation
applications (Liritzis, 2001).
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8. CONCLUSION

The collection consists of 6 metallic covers of ec-
clesiastical books, and a metallic pair of church or-
naments. The church ornaments, were speculated by
the church of Saint Mavra, that are part of the collec-
tion, perhaps as shutters for the church books. The
features, however, such as weight, the purity of the
constructions” metals, as shown in the results of the
X-ray fluorescence analysis (silver in amount 88%)
and the references in castings from various matrices,
classify them as church decorative in candles, cande-
labra etc.

The physicochemical documentation of the ob-
jects, by non - destructive methods, had a particular
role in the course of the study, answering key ques-
tions. The materials of the collection were not clearly
based on visual observation and scientific bibliog-
raphy. The conservation was based on the result of
the qualitative and quantitative analysis of the con-
struction materials, through X-ray fluorescence
analysis (XRF), as well as metals requires different
treatment depending on the material. Non-
destructive methods were used in order to preserve
the artifacts without any unnecessary interventions.

To summarize, the results from the physicochem-
ical analysis by XRF, the main construction metals
are brass (copper and zinc alloy), AM1, AM2, AM4,
AMS6, AMS, with nickel used as a coating and silver
AM5, AM7.

Studying the enamels gave information about the
variety of elements needed to produce a pigment. It
is important to note that elements interact in various
ways with each other that is the reason a different
amount is needed in each pigment. Although cop-
per is found in all three pigments, the amount and
the other elements, such as cobalt, iron, lead etc., can
cause a different reaction depending on the firing
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