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Abstract

Degradation of bronze sculptures has been jointly studied by specialists in 
corrosion science and technology, art historians, sculpture conservators, 
artware founders and sculptors.

The findings are presented with a view to covering all the various aspects 
involved.

Deeper corrosion attacks on sculpture bronze have only been observed in 
surroundings which have been heavily contaminated by sulphur dioxide 
pollution for several decades. Both air pollution and the degree of mainte
nance are found to be factors influencing aesthetical appearance.

The present publication contains several studies of bronze sculptures in 
connection with restoration work. These studies include materials charac
terisation and assessment of the state of the objects. Choices of restoration 
measures are discussed with reference to various aspects, such as materials 
science, aesthetical and ethical considerations and traditions of art and 
craftsmanship.

Findings from scientific corrosion studies with a bearing on the project are 
also summarised.
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1. Background

In many parts of the world it has been feared that the effects of air pollu
tion on objects made from traditional materials, e.g. statues of bronze, are 
of such disastrous proportions that objects in outdoor surroundings are 
now being subjected to very swift degradation. Funding has therefore been 
set aside for repairing damaged bronze sculptures and at the same time 
investigating the effects on outdoor sculptures of bronze to see whether 
their character and extent are such as to justify a major remedial pro
gramme.

Remedial funding has been allocated since 1988 for the restoration of 
objects whose condition is such that remedial action is judged necessary 
for their survival. The Conservation Institute of National Antiquities 
(RIK) and its associates have been engaged since 1989 in research aimed 
at identifying the causes and extent of damage to the heritage.

The Bronze Sculpture Project is a limited part of a more comprehensive 
project in which efforts to alleviate the harmful effects of air pollution 
have above all been concentrated on objects made of stone. During more 
than three years the Bronze Sculpture Project has been concerned both 
with examining damaged objects and with their care and maintenance.

Because bronze sculptures are works of art, measures of care and main
tenance are not simply a matter of protecting the material from degrada
tion and safeguarding functional efficiency, as is the case with technical 
structures. Aesthetic and art-historical aspects are also involved, and con
siderations of this kind have a decisive influence on the forms of action 
permissible.

It is of the utmost importance to the corrosion specialist, the technician, 
the conservator and the restorer to know the viewpoints of art history,
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antiquarian and aesthetic experts as to what a sculpture should look like 
and why. These viewpoints invariably have priority over all technical 
aspects when practical measures are being decided on. Accordingly, ethical 
and aesthetical discussions are a highly essential part of the development 
process and the choice of methods and materials to be included in the tests 
entailed by the research side of the project have been guided and some
times decided by considerations of this kind.

By co-operating widely with different competencies, we can improve 
our ability to tell which desiderata are practically feasible.
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2. Introduction

It is a documented fact that atmospheric corrosion of bronzes outdoors 
was already being observed and regarded as a problem in Germany during 
the 1860s. This was because it had been noticed that bronze sculptures in 
certain urban communities were changing in appearance. As regards the 
characterisation of corrosion products on copper alloys, it is customary in 
literature on the subject to mention a few early chemical analyses. Already 
in 1786, Fourcroy (a French chemist, 1754-1808 and a pupil of Lavoisi
er) analysed a green patina and came to the conclusion that it was a carbo
nate. In 1799 Proust (a French chemist, 1752-1828 active in Spain) found 
that the green carbonates, sulphates and chlorides formed on copper alloys 
were identical with known minerals (Riederer 1972). In Sweden, S. Rin- 
man (Rinman 1788) noted that copper outdoors darkened and eventual
ly turned green. He assumed the green to be a sulphur compound.

In 1863 a Patina commission was set up in Berlin to study the increas
ing contamination of bronze monuments. In 1864 an investigation report 
was presented on various bronze objects in Munich, Augsburg and Berlin 
which, in just a few years, had turned from green to black. A project for 
cleaning and protecting bronzes with a wax coating was completed in 
1872 (Riederer 1972).

The impact of air contaminants on patina formation on copper alloys 
does not seem to have any further attention in scientifical technical litera
ture until the beginning of the 1930s, when W.H.J. Vernon and L. Whit
by (Vernon 1927, 1931a, b, 1932, 1933, 1934 and Vernon & Whitby 
1929, 1930) published a series of articles presenting the results of exam
inations of patina formed on copper alloys in an outdoor environment. 
J.R. Gettens’ study of patina on bronze sculpture in the USA (Gettens
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1933) was published at about the same time. A sculpture cast and erected 
in Hartford, Connecticut, in 1895 had developed irregular patches and 
streaks of green patina. The statue overlooked a main street in the centre 
of town where there were no factories but several chimneys from inciner
ation plants used for the heating of shops and rental homes and emanat
ing smoke and acid gases.

Weil et al (1982), and before that Vernon (1932), claim to have proved 
that outdoor bronzes in surroundings where there were no polluting emis
sions, such as soot and sulphur compounds, never developed a green pat
ina but simply darkened to a brown or black patina. Even today, in urban 
surroundings, the development of a green patina on unpatinated statue 
bronze and other copper alloys takes a considerable length of time, 10 or 
15 years according to some reports and no less than 20 or 30 according to 
others, depending on the amount of pollution. It should also be noted that 
this green patina is only formed on parts of the sculptures.

Until the 1970s, measures for the care, maintenance and restoration of 
outdoor sculpture were mainly confined to the mending of sculptures 
incurring accidental or wanton damage, the cleaning of sculptures daubed 
with graffiti and so on. Much the same is true of other countries, with the 
exception of the above-mentioned study in Berlin during the 1860s. Since 
the beginning of the 1970s, however, following a lapse of more than a cen
tury, attention has once more begun to focus on the problem of disruptive 
patination, and in the USA, among other countries, some efforts have 
been devoted for the maintenance of sculpture which has undergone aes
thetic changes and to studies of cleaning and surface treatment methods in 
connection with curative measures.

In Germany at the beginning of the 1970s, the Doerner Institute car
ried out an extensive study of German bronze sculpture, its material com
position and condition (Riederer, 1972). In connection with that study a 
comprehensive test programme was carried out on specimen bronze cast
ings, with and without patination, surface-treated with various coatings of 
wax, oil, grease and varnish. The test plates were exposed outdoors in an 
environment with known concentrations of pollutants. The study led to 
the conclusion that regular maintenance with dirt removal and waxing or 
oiling is the best way of preserving outdoor sculpture.

Several schools on the subject of restoring bronze outdoor sculptures 
first saw the light of day in the 1980s. One basic condition of success in 
restoration work, needless to say, is the feasibility, in terms of materials 
technology, of the objectives emanating from ethical and aesthetic consid
erations. The Congress in Baltimore, Dialogue 89, on Conservation of 
Bronze Sculpture in the Outdoor Environment was a valuable initiative to 
combine the different aspects of the field.
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The literature on sculpture restoration is relatively limited as regards 
detailed particulars of practical restoration and conservation work. This 
kind of work can be divided into two stages: cleaning and surface protec
tion. There is one main cleaning method which is usually presented, 
namely blasting. For surface protection there are two main methods or 
materials which are dealt with: waxing or varnishing.

The moot points where blasting is concerned are usually its unsuitabil
ity or otherwise, the material to be used for blasting and the procedure to 
be followed.

On the subject of surface treatment there is perpetual discussion of the 
efficacy of various treatments as corrosion protection, their durability and 
their aesthetic qualities.

Few studies have been published concerning other methods of mechan
ical cleaning, ranging all the way from scraping with a scalpel to the use of 
grinding machines, which we have come across in the course of our work 
(Riederer 1984, Roidl 1986).

Other cleaning methods than mechanical methods, washing and chem
ical cleaning come in for a few mentions, but we have not come across 
more than very occasional studies of the effects of different preparations 
(Fiorentino et al 1982).

Discussions relating to specific assignments always include questions 
concerning the extent of cleaning. There are frequent deliberations as to 
how one can save the “original patina”, even though, usually, there is no 
clear evidence of the patina being mainly original and it may have been 
formed comparatively late. The visible part of the patina layer in particu
lar may be very recent. Discussions concerning the possible necessity of 
blasting almost right down to the metal before repatination, partial patina 
removal and supplementary patination, are also encountered in the litera
ture.

Other frequently occurring questions concern the suitability of waxing. 
In some cases, varnish is recommended instead of waxes.

The ethical and aesthetic questions most commonly discussed concern 
what is original and what is not, and what the artist’s intentions were.

Numerous articles of varying scientific quality have been published, but 
they do not seem to have advanced things very much as far as the practi
cal work of caring for outdoor sculpture is concerned - possibly with the 
exception of certain technical improvements, such as the introduction and 
development of blasting technique. The value of these articles are mainly 
in the field of understanding degradation processes.

It is appropriate here to mention a fundamental difficulty connected 
with the improvement of conditions in the conservation field. Conserva
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tors, art experts, materials chemists, technicians and traditional craftsmen 
all have very different ways of looking at things. As a result, very different 
interpretations can sometimes be put on objective, direct observations, 
due to this very difference in frames of reference. One is greatly tempted 
to infer that representatives of the different competencies tone down other 
specialists’ perspectives as irrelevant or perhaps fail to understand the true 
nature of the problem.

Fig. 1. Yngling med sköldpadda. (Youth with Turtle) Detail of corroded area before and after 
restoration.

The authors of the present publication regard these difficulties, not as 
an embarrassment to be avoided but as central core issues which can only 
be tackled head on. In the work which this publication describes, the aim 
has always been to achieve constructive partnership between the different 
competencies. Happily it has proved possible to find competent represen
tatives of different fields who are actively interested in working towards a 
common goal. It is thanks to their efforts that essential parts of this work 
have been made possible.
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3. Aims

The overriding aim of this project has been to make it possible for owners 
of public sculptures to give them adequate care and maintenance. Work 
under the project was made to focus on four partial objectives, viz:

1. Investigating how harmful air pollution is to the bronze material in 
the instances and environments investigated.

2. Devising methods for ascertaining whether and if so to what extent 
a bronze sculpture has been damaged.

3. Investigating the suitability of existing methods of restoration.
4. Testing serviceable materials for the conservation, maintenance and 

corrosion-proofing of bronze sculptures in the outdoor environ
ment.
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4. Overview of the field

4.1 Structure of the project
This report deals with the main results of the project, relating to corrosion 
damage to bronze sculptures, which the Swedish Central Board of Nation
al Antiquities is conducting, with funding support in the form of special 
grants for measures to counteract the impact of air pollution on the phys
ical heritage and to grants for R&D activities.

Work has proceeded both internally, in the form of project management 
and compilation of results, and in the form of contracted work compris
ing both research, inventory and remedial measures. The internal work 
also includes a certain amount of research and the compilation of input 
documentation for an inventory.

The contracted restoration work was undertaken in association with 
Gunnar Petterssons Konstgjuteri, Stockholm.

Most of the research was contracted out and undertaken in association 
with the Department of Inorganic Chemistry, Chalmers Institute of Tech
nology and the University of Göteborg, and with the Swedish Corrosion 
Institute.

In connection with restoration work, material studies were carried out 
by the authors of this publication.

An in-depth inventory of 14 selected bronze sculptures in Göteborg was 
undertaken by the Heritage Conservation Department of Göteborg Uni
versity.

This work also involved co-ordination with the Eurocare project 
COPAL, which, however, has unfortunately encountered financial diffi
culties in most of the countries taking part.
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Co-operation has also taken place with representatives of the sculpture 
conservation workshop at Nationalmuseum, Elisabet Tebelius-Murén, Bo 
Wingren, Stockholm, with representatives of the Stockholm City Museum 
and with the sculptor Liss Eriksson. These persons served as an advisory 
working party in connection with sculpture restorations and took part in 
a field trip to Paris. Field studies were also undertaken in Germany and 
former Czechoslovakia.

As part of this work the authors of the present report also attended the 
major Baltimore conference in 1989, on the degradation and care of 
bronze sculptures.

4.2 Traditional production
and care of bronze sculptures

As an aid to understanding the properties of bronze sculptures, some 
knowledge is needed of their structure and of the basics of their produc
tion. Such knowledge is also of importance for the understanding of cor
rosion attacks in which the construction of the sculpture is part of the 
cause of the damage (Törnblom, 1994). The fabrication of bronze sculp
tures rests on very ancient traditions. Production is based on bronze 
founding, which has a more or less unbroken tradition going back to the 
Bronze Age. The bronze founders of today are the proud bearers of a craft 
tradition established about three and a half thousand years ago.

During classical antiquity, the fabrication of bronze sculptures was 
advanced in that castings began to be joined together with pins and the 
joins chased to make them invisible. This opened up possibilities of com
posing colossal statues of parts which would not have to be cast with 
unmanageably large quantities of molten bronze.

Bronze sculpture production methods remained virtually unaltered 
until very recent decades, and in some cases is still the same as ever. The 
biggest change of principle to have occurred recently is that nowadays the 
component parts of sculptures are argon-welded instead of being joined 
together mechanically.

The oldest detailed description of a large-scale casting procedure comes 
from Theophilus, writing at the beginning of the 12th century to describe 
the art of bell-founding. Essentially there is little difference between his 
description and Biringuccio’s in 1540. Ten years after that, Vasari brought 
out a book on sculpture techniques, containing a detailed description of 
bronze casting. And another 18 years later, in 1568, came the publication 
of Benvenuto Cellini’s book on goldsmithing and sculpture.

Vasari gives the following description of the making of a sculpture.
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(Vasari (1550) 1907). A full-scale clay model is prepared. A plaster cast is 
then taken of this, piece by piece, and contact faces are oiled. The core is 
shaped over an iron rod, using clay kneaded with horse hair and dung. The 
core is the same shape as the model and is baked in successive layers to dry 
out the moisture in the clay. The core is fashioned to the requisite size, so 
as to give the material thickness which is wanted. Iron and copper rein
forcement is inserted where necessary.

The different parts of the mould are lined on the inside with a thin layer 
of yellow wax with a small amount of tallow and turpentine added. The 
wax is detached from each part of the mould and secured to the core with 
copper pins. Because of the many joins occurring between the wax parts, 
much work has to be done on the wax surface afterwards to give the fin
ish required for casting. Cellini’s method of doing this involved inserting 
in the mould sections a dough in which the core made out the required 
volume. The dough was removed and wax poured into the cavity. After the 
outer form of plaster had been removed, he was left with a core whose wax 
cover had the required outer shape and required only a final polish before 
the outer mould was applied to it.

The wax-covered core was covered with ash. Pins or rods of iron were 
inserted in the core, through the wax, to support the core. The wax was 
given a thin cover of fine earth mixed with horse dung and hair, which was 
left to dry. Layer upon layer was added until the requisite thickness, up to 
half a span (4 inches), had been achieved. The iron supports in the core 
were then secured with other pins or rods retaining the mould on the out
side, and they were secured to each other, so as to form a single support 
for mould and core. Channels were made between narrow parts, e.g. 
between a knee and an elbow, so that the mould would be filled more 
completely and air would not be trapped in it.

When this had been done the mould was heated, whereupon it dried 
and the wax melted and escaped through a hole at the bottom, where the 
bronze was then to be poured in during casting. Next the mould was 
placed in the casting pit, which was next to the furnace for melting the 
bronze, and propped up to keep it steady. Channels for the bronze were 
fitted and the pit was packed with crushed brick and sand to keep the 
mould from bursting. The wax which had escaped from the mould was 
weighed and ten times that weight of bronze prepared for the casting.

Statue bronze according to Italian rules comprised two-thirds copper 
and one-third brass. The Egyptians, who, Vasari tells us, were the origina
tors of this art, used two-thirds brass and one-third copper. Electron metal, 
the finest quality, consisted of two parts copper and one part silver. Bell- 
founders used 100 parts copper to 20 parts of tin, and gun-founders used 
100 parts of copper to 10 parts of tin.
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If the cast figure was flawed, e.g. due to the mould not being complete
ly filled, the damaged part was removed entirely, a rectangular hole was 
made and then a piece was made which fitted the hole but protruded to 
the extent judged appropriate. The piece was fitted into the hole exactly 
and tapped down with a hammer. It was then smoothed with files and 
other tools to give it a fine, even surface.

When the casting operation was over, surplus metal was removed with 
burins, chisels, punches, files, chasing tools and polishing steel. And, 
where necessary, material was pressed in and smoothed. Other tools were 
used to scrape the whole surface meticulously clean, after which it was 
given a final polish with pumice stone. This bronze, which is red when 
newly worked, gradually undergoes a natural colour transformation 
towards black. Some made it black with oil, others made it green with vin
egar and others again blackened it with varnish.

Clearly, in Vasari’s time, as materials went there was no hard and fast 
distinction between bronze and copper-rich brass.

The principles of sculpture founding changed very little between the 
16th century and our own, except as regards certain technical aids such as 
furnaces for melting the bronze and the design of the casting pit. The sec
tion on sculpture casting in Diderot’s and d’Alembert’s encyclopedia, pub
lished in 1771, describes the procedure for casting a sculpture 200 years 
after Vasari. As part of the examination of the equestrian statue of Fredrik 
V in Copenhagen, Knut Holm of Nationalmuseum published, in 1981, 
an article describing sculpture founding during the 18th century. (Holm 
1981.)

That article provides a summary of sculpture founding at the time when 
Saly was active, i.e. from the mid-18th century onwards. This is described 
in Lempereur’s and Mariette’s book on the production of Bouchardon’s 
equestrian statue of Louis XV in Paris, published in 1768. Before that 
book there was Germain Boffrand’s description of the founding of 
Franęois Girardon’s equestrian statue of Louis XIV published in 1743. The 
casting took place in 1692, but the book still provided the model for the 
section on sculpture founding included in Diderot’s and d’Alembert’s 
encyclopedia in 1771. Diderot copied the illustrations from Boffrand.

The statue of Louis XIV was cast in one piece, which was very unusu
al. The bronze was melted in a reverberatory furnace or flame oven, in 
which the actual smelting occupied a space segregated from the hearth. 
The flames from the hearth were directed over the molten pool, which 
could be reached from the sides in order to remove floating oxides before 
casting. In front of the furnace was the casting pit, in which the casting 
mould was embedded. When the time came for casting, the molten metal 
was teemed straight down from the furnace into the mould.
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Fig 2A. Cross section of Bouchardon 's equestrian statue of Louis XV, founded 175S in Paris by P. 
Gor, as illustrated by Mariette. The section shows the iron armature in the statue. Four heavy iron 
bars, horizontal and perpendicular to the side of the horse, are denoted by “4”.
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Fig 2B. Casting in the 18th century as presented by Bofifiand. The figure shows the wax layer 
with its gates and vents on the core.

The mould, briefly, was fabricated as follows. First the plaster model 
was coated with a release agent, a mixture of oil and tallow. A plaster 
mould was then made, section by section, so that the different parts of the 
mould could be removed from the model and built up again with a cavity 
inside instead of the model. An iron frame was constructed which served 
as an inner reinforcement for the core but also had vertical iron bars serv
ing as a frame for the mould and core and horizontal irons to hold the core 
in position inside the mould.

The plaster mould was then assembled round the iron skeleton, until 
only the horizontal and vertical iron struts were left protruding from it. 
Meanwhile the insides of the various mould sections had been coated with
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wax to the requisite thickness. The mould sections were put together and 
an effort was made to obtain the best possible contact between the wax 
coatings. Spirals of steel wire were put on the inside, to ensure good adhe
sion to the plaster core which was then cast.

This assembly of the mould took place in the casting pit where casting 
was then carried out. The mould was fastened in a timber structure, to 
steady it while the core was being cast. A hole was made at the top of the 
mould for pouring in the core mixture, consisting of plaster of Paris and 
crushed grog. After the core mixture had set, the mould was removed. The 
wax remained on the core, and the statue could now be seen in wax instead 
of plaster of Paris. The wax model was inspected, repaired and supple
mented, and a system of casting channels and air vents was melted into it.

The outer mould was now constructed. This consisted of clay, grog, 
horse dung and cowhair. First a thinner, finer mixture was applied and left 
to dry, and then layer upon layer of a thicker mixture was applied, each 
layer being allowed to dry before the next could be applied. When the 
mould was complete, iron bands were put round it to support it during 
the casting operation. The bottom of the pit had a base containing a num
ber of channels in which fires were now lit which would be kept burning 
for three weeks.

The space between the mould and the walls of the casting pit had been 
filled with brickwork supports, with rubble from previous masonry in 
between. During the three weeks the wax melted and escaped and the 
mould dried until its inside was a shining cherry red. The holes through 
which the wax had escaped were blocked.

The mould was left to cool, which took about a fortnight, after which 
the pieces of masonry were removed from the casting pit and the mould 
was inspected for cracks. The mould was covered on the outside with a fin
ger-thick layer of screened plaster of Paris and the casting pit was filled 
with “a special soil” which was stamped down round about it. Eventually 
only the casting channels and air vents were visible. A brickwork trough 
was constructed round the casting channels. As soon as this had been 
done, preparations were made for casting. This description is mainly 
derived from Mariette (1768).

Sculpture founding underwent several big changes during the 19th cen
tury. Large-scale casting with the cire perdue technique, which belonged 
to the Italian and French schools, was superseded by sand-casting, which 
had become the prevalent technique in Germany. With this method, the 
figure is divided into several parts which are cast separately and then 
assembled into the finished sculpture. (Holm 1988, Lins 1984.)

Most outdoor sculptures are sand-cast. A plaster of Paris model is pre
pared from the artists sketch and used for making the sand mould. This
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mould is made up of several parts, which can be removed from the model 
without being damaged. To make the casting hollow, a core is needed. 
This contains sand and, for example, plaster of Paris. The core must have 
the same porosity as the mould. It is smaller than the model, the differ
ence between them equalling the thickness of the metal in the finished 
casting. The core is suspended in position in the mould with a core sup
port made of a material having a higher melting point than the bronze. 
Casting channels and air vents are made in the mould.

After casting, the casting channels, air vents and seams are sawn and 
ground away, and the surface is then finished by means of chasing, grind
ing and polishing. Finally the metallic surface is patinated with combina
tions of heat treatment and chemical treatment. Finally it is usually waxed.

The casting technique used is often apparent from different kinds of 
damage or other external changes in outdoor sculptures above a certain 
age. Material from a remaining core, for example, can escape through 
pores or cracks, i.e. casting flaws in the material. Similarly, a remaining 
core support and iron reinforcement can cause streaks of rust. Casting 
pores and other casting flaws can easily result from the formation of gas in 
the molten metal, air trapped in the mould or uneven cooling.

The casting core should be removed after casting, but this has by no

Fig 3. Damage caused by corroding iron support inside the casting. Detail of L'Archevec’s sculp
ture of Gustav II Adolf cast in Stockholm in the late 18th century by Meyers art foundry.
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means always been the case. Similarly, iron in the form of core supports 
should be removed. Iron struts and iron assembly pins cannot be removed, 
but water seeping into the sculpture can cause corrosion in the iron, which 
in turn is liable to burst the bronze, especially at joins. Corroded iron 
assembly bolts are another problem of the same kind.

Casting errors used often to be repaired by hammering rectangular 
bronze plates into the hole occurring in the casting, after the hole had been 
filed to a rectangular shape; see Vasari’s description, above.

Cast bronze has a solidification structure which reflects the composition 
of the bronze, and casting conditions, such as the temperature of mould 
and melt, the rapidity with which the mould is filled and the cooling 
speed. Those parts of the metal which solidify first have both a different 
structure and a different alloy composition from those which solidify last.

Finishing treatment includes patination - the colouring of the metal 
which is so very important to the beholder. As Vasari pointed out in 1550, 
a newly cast chased and polished bronze is red or reddish yellow, depend
ing on the alloying elements added to it. The colour of the metallic sur
face changes with the passing of time, due to reaction with the ambient 
atmosphere, whether polluted or otherwise. Often, however, the bronze is 
given an artificial patina, because that way the artist himself can decide 
what it is to look like. Tastes in this respect have varied from one period 
to another, and a knowledge of these fashions in general and individual 
artists’ preferences in particular is highly important when measures for the 
restoration of corroded sculpture have to be decided on.

Patina has for centuries been characterised in terms of natural or artifi
cial and vile or noble. The terms noble patina, aerugo nobilis, and vile, or 
rather virulent, patina, virus aerugo, were already used by Pliny in his Nat
ural History, during the first century A.D.

One restoration specialist who has taken a great interest in matters of 
this kind is P.D. Weil, Senior Conservator at Washington University Tech
nology Associates. She has published several articles describing the evolu
tion of patination techniques and conservation and restoration work on 
bronze sculptures. (Weil 1976, 1977, 1980, 1982, 1984). Weil emphasis
es that patina is not just colour but includes several qualities of which 
colour is only one. It has surface finish, variations of colour, translucence 
or opacity, superimposed colours like translucent light and shade, a degree 
of saturation or reflectance, and so on.

Sculpture has two working methods: the glyptic, in which material is 
cut or chiselled away - that is, shaping by removing - and the plastic, in 
which the shape is modelled, i.e. fashioned by adding material. Funda
mentally, these basic techniques of sculpture or bronze founding have 
changed very little in more than 2000 years, whereas surface treatment and
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patination have changed dramatically.
In classical times, most metal sculptures probably had a shining, pol

ished metallic surface. Colours were obtained by working different parts 
in different materials, e.g. with silver or copper inlay. The polished surface 
was coated with pine tar. This was regularly removed, the surface was 
repolished and was then retarred. One hastens to add that high-quality tar 
is entirely transparent and a very pale yellowish brown, almost colourless.

During the Renaissance, black varnish was applied with great gusto, due 
probably to a misreading of Pliny’s reference to the use of tar in the ancient 
world. This black varnish, however, effectively concealed the many casting 
flaws, which were a common feature of castings of that time. The 17th 
century colour is the deep-glistening brown of polished copper oxide (red 
copper or CU2O), often combined with gilded elements.

The actual word “patina" is first used in 1681, by Filippo Baldinucci in 
his Vocabolario, referring to the darkening of the fernissa patena in an oil 
painting. Not until the mid-18th century is the word applied to corrosion 
products on antique bronzes.

At the beginning of the 19th century, Germany was the leading nation 
for bronze founding, but towards the close of that century Paris became 
the world centre for the casting of bronze sculptures. Perhaps more bronze 
sculptures were cast in Paris between 1880 and 1914 than at any other 
time before or since. During this period the cire perdue method took on 
a new lease of life, culminating in the 1880s and for some time overshad
owing the sand-casting technique.

Artificial patination developed as an art during the same period, espe
cially in France.

The past sixty years have brought a change of circumstances for outdoor 
sculpture, as a result of which corrosion attacks from sulphur compounds 
are today looked on as a natural patina and the dull, opaque, green patina 
has become so familiar to the general public that it became the height of 
fashion, for example, in the Art Deco style of the thirties and forties. The 
first researchers to identify the green patina as basic copper sulphate, not 
copper carbonate, malachite, as was previously believed, described it as 
natural, protective and aesthetically appealing (Vernon 1929, 1930, 
1932).

Today, as in earlier sculpture production, the composition of patina 
solutions and patination methods are looked on as trade secrets. Patinators 
exchange tricks of the trade with one another and develop personal work
ing methods. Most of the chemicals used come from the repertoire of 
industrial and craft chemicals existing in the 18th and 19th centuries. Cer
tain ingredients from the kitchen and more modern chemicals in the form 
of cleaning agents and suchlike can also occur.
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Statues outdoors have usually been surface-treated, ever since ancient 
times, with wax or other organic preparations. There are references to 
bronze sculptures being regularly waxed in ancient Greece. Little is known 
about the perpetuation of this tradition down to the present day. Until just 
a few decades ago, the care and maintenance of expensive objects were a 
routine matter, attended to by servants and craftsmen. The general view 
taken, probably, was that there was no need for such work to be docu
mented so long as competent people were available to do it at little 
expense. The likelihood is that a break in tradition occurred about 50 years 
ago.

4.3 Properties of bronze castings
In modern usage, “bronzes” comprise a number of alloys, consisting main
ly of copper and also including small quantities of one or more other met
als, such as tin, lead or aluminium. Copper-zinc alloys (brass), however, 
are not included (Brennert 1985). In bronze sculptures, copper is often 
alloyed with zinc and lead, as well as tin.

Modern cast tin bronzes generally contain between 10 and 14 per cent 
tin. This composition tallies quite well with that of ancient bronzes. The 
corrosion resistance is very good indeed and greatly superior to that of 
brass. No form of corrosion resembling dezincification occurs, nor does 
stress corrosion cracking. Plastic working is only possible with alloys con
taining up to ten per cent tin.

For bronze sculptures, use is often made of red metal, i.e. a copper alloy 
containing so much copper that it is reddish in colour. The red metals can 
be considered as tin bronzes in which the tin to a greater or lesser extent 
has been replaced with zinc. Lead is also included. The tin and zinc 
increase both breaking strength and hardness. The zinc improves pourabil- 
ity and is cheaper than tin. Lead improves corrosion resistance, airtightness 
and machinability, and also pourability.

One alloy which is frequently used contains 5 per cent each of tin, zinc 
and lead. Similar alloys were also commonly used for casting bronze can
nons, hence the term gun metal.
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4.4 General aspects of corrosion 
in statue bronze

Gettens’ article (Gettens 1933) contains useful observations concerning 
corrosion in bronze sculptures.

No records exist concerning previous treatment of the sculpture. Exam
ination of the metal revealed three layers of different substances on the sur
face. The outer layer seemed to consist of soot and dirt and was a dull 
black. Immediately beneath this was a green layer of copper salts, com
monly found on copper alloys. Next came a very thin layer of copper 
oxide. The centremost green layer was the most interesting and occurred 
all over the sculpture, though it was only visible as green patches and 
streaks. Where visible, it had been exposed by the erosion of the black sur
face layer. The green surfaces were those most heavily exposed upwards, 
and it was rainfall that had prevented them from acquiring a black coat
ing.

The statue was felt to be looking in worse shape than it actually was. 
The corrosion was superficial and there were no really deep attacks. 
Because the composition of the patina was a frequently recurring question, 
specimens were taken for microscopic and microchemical analysis. The 
red patina furthest down was copper oxide. Analysis showed the green salt 
to be basic copper sulphate. The composition corresponded to the miner
al antlerite. A white residue in the analysis showed the patina to contain a 
certain amount of tin oxide. The black outer layer consisted of soot and 
fine quartz dust.

The results of this investigation were corroborated over and over again 
by subsequent studies. A recent study by Mach and Snethlage was pub
lished in 1989. The variations in the results of the studies are small and 
are due mainly to the metal composition and ambient air also containing 
certain other components. Corrosion products from lead are found at 
points where the sculpture has been mended with lead, and chlorides 
occur in the marine environment, but the results, on the whole, are the 
same. The biggest difference concerns the kind of basic copper sulphate 
formed. The sulphate most commonly occurring seems to be brochantite, 
which is a sulphate formed under slightly less acid conditions than antler
ite.

Gettens’ publication, together with the articles published by Vernon at 
the same time, laid good foundations, 60 years ago, for understanding cor
rosion questions connected with bronze sculptures.

In recent years, corrosion in bronze sculptures in the outdoor environ
ment has attracted a great deal of international interest. In 1987 the jour-
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nal Corrosion Science devoted an entire feature issue to “Copper Patina 
Formation”.

Graedel et al (Graedel et al 1987) present a list of contaminants found 
in patina on copper alloys in the outdoor environment from the end of the 
1920s. Most of these studies date from the 1970s and 1980s.

Copper oxides and sulphides
Copper oxide, CU2O, is the first corrosion product formed when copper 
is exposed to the atmosphere.

Copper sulphides, chalcocite (G^S) and covellite (CuS), have been 
reported in some studies of copper patina formed in the urban atmos
phere. The sulphide may possibly be converted into sulphate if outdoor 
exposure continues.

Inorganic copper salts
Brochantite, Cu^SO^(OH)^, is the most commonly occurring green 
compound formed on copper during any prolonged exposure to the 
atmosphere.

Antlerite, Cu^SO^OH)^, is said by Graedel et al not to be uncommon 
in patina on copper alloys outdoors, which are a few decades old. There 
are also said to be certain indications of antlerite occurring at an earlier 
stage of patina formation than brochantite, and recent studies suggest that 
antlerite occurs in the black areas of bronze sculpture.

Probably the two sulphates brochantite and antlerite are formed inde
pendently of one another, as a result of different local corrosive conditions 
on a statue. Because antlerite has a higher sulphate content than brochan
tite, its formation should require higher sulphate content on surfaces 
where it is formed than is necessary for the formation of brochantite.

A third basic sulphate which has been reported as a component of pat
ina is posnjakite, Cu^SO^COHl^.żF^O. This has the same composition 
as brochantite, the only difference being that it contains two hydration 
water molecules. This mineral can probably exist simultaneously with, or 
by dehydration and water emission be converted to, brochantite.

Sulphates are the commonest and most abundant hydroxide salts occur
ring on copper alloys outdoors, because sulphate ions are the anions most
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frequently occurring in solution in patina layers formed in atmospheres 
which - as is mostly the case - are polluted by sulphur dioxide.

As regards hydroxide chlorides, the occurrence has been reported of ata- 
camite, Cu2C1(OH)^, which is crystalline and soluble in weak acids. 
Chloride ions are the second commonest ions in patina layers. Parataca- 
mite, which has the same chemical composition as atacamite, has also 
been reported. In marine surroundings, one or two studies of copper pat
ina actually reveal more chloride than sulphate. In a study of bronze sculp
tures in Gothenburg hydroxide chlorides have often been identified 
(Strandberg H., 1994)

Where nitrates are concerned, one finds that dissolved nitrate ions 
occur relatively often in copper patina. The basic copper nitrate, gerhar- 
dite, Q^NO^OH)^, has been reported in some cases.

Among carbonates, malachite, G^CO^OH^, is poorest in carbonate 
of the two known copper hydroxide carbonates. Malachite was formerly 
assumed to be the principal component of green copper patina, but it 
occurs only as a trace or, usually, not at all on outdoor bronzes. The blue 
hydroxide carbonate azurite, Cu^(CO^^COH^, which is richer in carbo
nate, has also been reported as a component of copper patina. In order for 
one of these hydroxide carbonates to form, greater carbonate activity is 
needed on corroding surfaces than is obtained solely from equilibrium 
with atmospheric carbon dioxide. Carbonate concentrations in groundwa
ter are usually sufficient, and so it would not be surprising if malachite at 
least were to be identified in green patina from bronze fountains. Mala
chite is commonly found on archaeological bronzes.

Organic copper salts
Formate ions have been identified in soluble patina components, but only 
in very small quantities. Though there do not seem to be any reports of 
solid copper formate being identified.

Acetate ions occur somewhat more extensively than formate ions in the 
patina layers. Copper hydroxide acetates have been well known since 
ancient times and, ever since then, have been used as a pigment in painter’s 
colours. They are formed easily through the effect of acetic acid vapour on 
copper or its alloys. This, as mentioned above, has been utilised to pro
duce artificial patination. Though there do not seem to have been any 
reports of any solid phase copper acetate being identified on sculptures.

Copper oxalate has been reported as a patina component in two cases 
from Venice (Alunno-Rosetti, Marabelli, 1976).
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Other components of copper patina

Airborne particles of various kinds are usually embedded in the patina. 
Aluminium oxide, iron oxide, quartz and other compounds are typical air
borne particles, like soot. Some writers maintain that soot and other con
taminants are responsible for the blackness of the outer “black crust” 
which is frequently superimposed on the green patina.

Black patches frequently occur on the surface of copper alloys outdoors. 
These patches are small, adhesive and hard. They have not been identified 
more closely, but analysis has shown them to contain a small amount of 
phosphorus. Phosphate in bird droppings may possibly be the source.

In connection with the restoration of the Statue of Liberty in New York, 
completed in 1989, a comprehensive scientific study was made of patina 
formation and corrosion processes and their relation to air pollution. The 
findings were published in Corrosion Science 27:7, 1987, which contains 
a number of articles setting out the results of scientific studies. Efforts are 
also made to draw a number of conclusions concerning the course and 
causes of patination.

It is observed that “natural patina” does not have an even, uniform 
structure but is widely heterogeneous (Graedel et al 1987). The surface has 
a very porous structure which readily absorbs water. The topography and 
orientation of the surface are found to be vitally important for the forma
tion and development of patina. Horizontal surfaces develop green patina 
earlier than vertical ones, and streaks over vertical surfaces from horizon
tal ones contribute towards earlier patination. Other surfaces often never 
turn green, but remain dark.

The texture of the underlying, corroded metal, due to orientation 
effects resulting, for example, from rolling directions (comparisons are 
made with copper roofing), are said to be capable of decisively influencing 
the course of corrosion. The grain size of the material, its content of inclu
sions and pores, whether the material is cast or machined, whether it is 
heat-treated and so on - all these things are presumed capable of influenc
ing the character and speed of corrosion attacks (Franey, Davis, 1987; Rie- 
derer 1972).

The patina usually adheres firmly and will tolerate severe mechanical 
stresses, such as the bending of a patinated sheet or rubbing with emery 
cloth, whether dry or wetted. If, though, the patina is first moistened with 
acetone, it can be made to flake off (Graedel et al 1987). This, it has been 
suggested, is due to the patina being partly held together by acetone-solu
ble organic compounds which would serve as binding agents for small 
blocks of inorganic matter (Muller, McCrory-Joy, 1987). Perhaps this 
interpretation is best regarded as an interesting opening for further exper
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imentation, rather than a verified hypothesis.
Questions relating to outdoor sculptures were raised at several confer

ences during the 1980s, partly in the form of individual contributions to 
general conservation conferences and partly as special conferences devot
ed entirely to this problem. The proceedings of one conference, convened 
by the Pennsylvania Academy of the Fine Arts in Philadelphia in 1983, 
have been published under the title Sculptural Monuments in an Outdoor 
Environment, 1985.

Another special conference devoted to questions affecting bronze sculp
tures took place in Baltimore in 1989 and its proceedings were published 
in 1992.

Several national and international projects concerning corrosion dam
age to bronze sculptures are now under way. In connection with these 
efforts, the main emphasis has been on the diversity of factors which may 
conceivably be involved in the degradation process.

Summary of experience of corrosion in copper alloys
The present report is based, first and foremost on existing knowledge and 
long experience of corrosion problems in bronze sculptures. On this basis 
we are trying to improve our knowledge of the complications which spe
cific environments with different forms of corrosive substance may entail.

It has been well known for millennia that copper and several copper 
alloys are fairly corrosion resistant even when exposed to outdoor condi
tions.

Corrosion attacks in different copper alloys have been measured after 
16 years’ exposure outdoors (Holm and Mattson, 1982). There was found 
to be little difference between copper and bronze. The corrosion rates are 
of the order of between half and one thousandth of a millimetre in aver
age annual corrosion in different atmospheres. Similar corrosion rates were 
obtained in outdoor exposures of copper in Sweden and Czechoslovakia 
over a period of eight years (Knotkova et al 1984, Kucera et al 1990).

Corrosion of statue bronze leads to the formation of water-soluble and 
very sparingly soluble corrosion products. The sparingly soluble corrosion 
products mainly include compounds of tin and copper. Lead, as stated 
above, occurs in the alloy in the form of small globules which seldom 
reach the surface. Perhaps, therefore, one cannot expect solid lead corro
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sion products to be as evenly distributed on the surfaces as corrosion prod
ucts from other alloying elements.

It seems that, usually, the zinc corrosion products leech out to a great 
extent in the form of water-soluble zinc sulphate, which is flushed away by 
the rain except where there are surfaces protected from rain.

Tin dioxide is practically the only corrosion product of tin. It probably 
contains water and is so disordered that it can be regarded as a gel. Usual
ly, therefore, it cannot be detected by X-ray diffraction.

When endeavouring to understand the structure of patina layers, it is 
interesting to note that tin dioxide is.highly insoluble and is not transport
ed through water solution. On the other hand, being a hydro gel, it should 
be permeable to water solutions, e.g. of zinc and copper salts.

The tin oxide first formed during initial corrosion is precipitated on the 
original surface of the sculpture. Since tin (in the oxidation state +IV) is 
not transported via water solution at the pH values involved, growth of the 
tin dioxide layer must take place beneath the original surface, in step with 
the corrosion of the underlying metal.

The volume of tin dioxide (counted as crystallised Sn02) from a ten per 
cent tin bronze would only suffice to fill about 17 per cent of the original 
volume. Since, as is well known, thoroughly corroded archaeological 
bronzes can retain their original shape (Geilmann 1956), there must be a 
very large amount of pores in the aqueous and gelated tin oxide which is 
formed during corrosion.

A hydro gel has a very large number of small pores containing water 
solution. In larger pores in the tin dioxide gel in corroded archaeological 
bronze objects (which often have an alloy tin content of about 10 per cent) 
there are precipitated corrosion products mainly of copper in the form of 
copper oxide and basic copper (II) salts. Statue bronze usually contains 
only about five per cent tin, in which the porosity of the tin oxide layer 
must be greater still.

From available knowledge the nature of “natural patina” on copper 
alloys out doors could be summarized as follows: Copper and its alloys 
when they corrode in an atmosphere contaminated by sulphur dioxide 
form mainly copper oxide (Cu20) and brochantite (Cu^SC^XOH)^). 
Sometimes antlerite (Cu3(SC>4)(OH)4) can also occur. In atmospheres 
with chloride, e.g. near sea coasts, atacamite (Cu2CI(OH)3) and paratac- 
amite (which has the same chemical composition) can be formed in the 
corrosion products.

Owing to the many different substances present in outdoor environ
ments, however, the picture which has now been given may be somewhat 
oversimplified. But it does seem as if most of the other chemical pollutants 
reported, viz nitrate, formate, acetate, oxalate and so on, usually only
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occur in low average concentrations. It seems to be an appropriate work
ing hypothesis to begin by assuming that this type of occurrence is not 
critical. This working hypothesis should not be discarded until it is clear
ly contradicted by observations.

Outdoor environments also include many inert solids, such as sand par
ticles and soot. These can be enclosed in corrosion products which are pre
cipitated onto a bronze surface where they have been deposited.

The basic facts presented here concerning corrosion on bronze sculp
tures in outdoor surroundings have provided the basis for interpreting var
ious phenomena in all the sculptures we studied.

4.5 Practical patination
and its chemical principles

Patination, as mentioned above in 4.2, is a wider concept than is indicat
ed by the usage of recent decades. Nowadays it is mainly associated with 
objects of copper alloy and is defined, for example, in the Focus encyclo
pedia (1958) as “antique verdigris, Aurego Nobilis, verdigris, a green cov
ering of copper hydroxide carbonate, formed on the surface of bronze 
objects under atmospheric influence...”

When used with reference to bronze objects, the word patina usually 
has a positive meaning. One might say that if the corrosion of a bronze 
object has had an aesthetically appealing result, it is usually called patina. 
If the result of the corrosion attack is unaesthetical, the coating of corro
sion products is instead usually referred to as “corrosion”. This, however, 
is at variance with accepted terminology in corrosion theory, which 
reserves the term corrosion for degradation processes. The result of corro
sion is corrosion attacks on material and the formation of corrosion prod
ucts which may be both solid and dissolved chemical species.

The making of a bronze sculpture usually ends with artificial patina
tion, which means subjecting the object to a treatment which entails a 
controlled corrosion, leading to the form of solid corrosion products of the 
desired appearance. The chemicals used for this are usually applied to the 
sculptures with a brush or wad. They can also be sprayed on. To control 
the formation of artificial patina, the sculpture is usually heated with a 
naked flame.

Patinators often employ various mixtures of chemicals to achieve 
colours and shades of different kinds. Patination is a very difficult art if a
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good artistic result is insisted on. It takes long experience to be able to steer 
the result in the direction required, as well as a highly developed sense of 
the nuances to be aimed for.

The permanence of the artificial patina varies, depending on the chem
icals used and how they are used. Certain patinations can only be used for 
indoor sculptures, while others can also be used outdoors. In order for pat- 
ination on outdoor sculptures to be of acceptable durability, maintenance 
is needed in the form of organic wax coating or perhaps a suitable trans
parent varnish. Waxing, however, seems to be the generally preferred 
method.

Patinators are not usually very communicative about their working 
methods, and they seldom permit outsiders to watch them at work. Any
one granted this privilege has reason to feel honoured. In connection with 
the restoration of sculptures in this project we were able to study the 
chemicals used and to witness some stages of the work. This brought home 
to us the degree of concentration which the work demands and the search 
which it involves for reactive conditions producing the result desired. As 
hinted above, the reactive conditions are obtained through a process of 
trial and error, with the patinator using mixtures of chemicals of which he 
has had previous experience and applying various amounts of heat to the 
workpiece.

Mention will here be made of just a few of the commonest chemicals 
included in some patinations.

To obtain a brown or black patina, use is commonly made of liver of 
sulphur or ammonium sulphide dissolved in water. The reaction between 
the bronze and this solution causes a thin layer of copper sulphide to form 
on the surface. By brushing and other mechanical treatment of the surface 
one can obtain brighter shades in parts of it. Patinators also use liver of sul
phur to make sculptures “dark” in preparation for green patination. With
out this pretreatment one cannot obtain the deep shades of green com
monly found in green-patinated sculptures.

Green patination seems mostly to be based on the formation of basic 
copper nitrate by treating the surface with copper nitrate solutions. The 
addition of various chemicals to the copper nitrate solution appears to be 
common practice. These additives may, for example, be oxidants or com- 
plexing agents which favour a temporary corrosion of the bronze. Suitable 
additives are handed down in recipe collections, or else have been experi
mentally evolved by the patinator himself.

Examples of the former kind include such toxic chemicals as potassium 
cyanide (which, however, is seldom used nowadays). Latter-day inventions 
include the use of a modern detergent containing active chlorine, presum
ably in the form of hypochlorite.
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One way of working with copper nitrate is to heat the surface so strong
ly that the nitrate is decomposed into copper oxide which is then induced, 
at a lower temperature, to react with additional copper nitrate to form 
basic copper nitrate.

Green patination with sulphate appears to be less common. The forma
tion of basic copper sulphate on the surface takes place presumably in the 
form of a poorly adhesive patina if the process is accelerated in the usual 
manner for artificial patination.

There is, however, at least one method which is based on spraying a sus
pension of a mixture including basic copper and zinc sulphates which have 
first been produced in a vessel by making zinc oxide react with copper sul
phate solution. That reaction may possibly be concluded on the wet sur
face of the sculpture. This patination is fairly loosely attached to the sur
face until the sculpture has been waxed. After waxing it has shown good 
resistance for, so far, more than five years in an outdoor environment, in 
one case of restoration which will be described in greater detail presently.

There are also quite a large number of other patinations with which 
some other colours can be obtained. Reds, for example can be obtained 
with iron salts. One skilled patinator is said to achieve a beautiful blue pat
ina by making appropriate use of orange peel. That method was discov
ered by chance when somebody peeled an orange close to a newly patinat- 
ed, unwaxed surface!

By now it should be clear that patination is one instance of a living, tra
ditional craft of an artistic nature. Most patination is based on the colours 
of brownish-black copper sulphide and on green basic copper salts. In cer
tain cases the green of copper (II) compounds can be changed all the way 
to blue by making complexes with suitable ligands of the copper (II) ions. 
Other colours again are obtainable by precipitating other metallic com
pounds.

The waxing which follows patination has two purposes. The wax serves 
as a binding agent for the pigment which the patination has given rise to, 
and secondly it protects the surface of the metal from corrosion. The first 
of these purposes, however, is the more important - that is, giving the 
sculpture an enduring decorative treatment which can be maintained fair
ly easily.

The patinators, with whom wc have been in touch, work exclusively on 
the basis of tradition and experience and without any chemical delibera
tions whatsoever in the modern sense.
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5. Studies under the project

5.1 Research
R&D began in 1987 with a study of literature aimed at updating the 

research situation on the corrosion and surface protection of bronze mate
rial, with special reference to works of art in the outdoor environment. 
That work was carried out at the Swedish Corrosion Institute by Jan Gull- 
man (Gullman 1988).

Some of the R&D work within the project has been concerned with 
improving our understanding of the natural patination process and of the 
composition of patina, especially patina which is of variable appearance, 
e.g. patchy or streaked (Fig 4).

A special study has been made of the layer structure of patina coatings 
in differently coloured and structured areas. The purpose of these studies 
was, if possible, to find connections between the outward appearance of 
the patina and the state of the underlying metal.

Special studies have also been made of various cleaning methods and of 
methods for surface treatment and protection. It has not been the aim of 
this project to devise a universal method of bronze sculpture restoration.

The treatment of works of art as if they were standardised industrial 
products is felt to be quite inappropriate. Instead the idea has been to util
ise existing knowledge, above all that possessed by bronze founders and 
patinators, and to investigate the effects and consequences of different 
treatments from both an art-theoretical, aesthetic and technical viewpoint.

The studies in technology and materials science undertaken as part of 
this work were intended to broaden and deepen our understanding of var-
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Fig 4. The sculpture Idyll by Carl Eldh in Stockholm with a patina which severely disfigures the
sculpture.

35



ious topics and to establish a foundation of materials technology and 
materials science.

R&D at the Swedish Corrosion InstituteA

Various methods for cleaning corroded bronze have been studied at the 
Swedish Corrosion Institute (SCI). Chemical and mechanical methods 
used both in corrosion proofing and in conservation have been investigat
ed in order to establish their cleaning efficacy and to gauge the degree of 
metal removal which cleaning involves. The findings were presented in a 
SCI report (Kultainen 1990).

The conclusion arrived at is that all cleaning methods which to any 
extent dissolve or remove the corrosion products also, to a greater or less
er extent, attack the underlying metal. The degree of attack depends very 
much on the skill of the person who does the cleaning. Blasting has been 
widely criticised, but, competently performed, it has proved to entail less 
metal removal than, for example, the method preferred by conservators, 
namely treatment with the complexing agent EDTA.

SCI’s tasks also included investigations of various types of patination 
occurring and of the ways in which they attack the metallic surface pati- 
nated. The findings show that the patinations tested have a metal con
sumption equalling no more than between two and five years’ corrosion of 
unprotected bronze in Swedish urban atmospheres of the 1980s. The tra
ditional artists’ patinations consume slightly more material than the indus
trial ones, but the latter are generally ruled out by aesthetic and/or craft- 
related considerations.

SCI, acting in collaboration with RIK, has inaugurated an extensive 
exposure of patinated and surface-treated bronze material. This will be 
continuing for eight years at three field stations, The material is being 
exposed at three test sites: Stockholm Vanadis, Göteborg and Kopisty, the 
last-mentioned being in the Czech Republic. Stockholm Vanadis and 
Kopisty have for many years now been well-documented field stations for 
atmospheric corrosion testing. The three environments can be character
ised as contemporary Swedish city air with fairly low concentrations of sul
phur dioxide (Stockholm Vanadis), a similar urban environment but with 
elements of salt spray from a nearby sea coast (Göteborg) and an atmos
phere heavily contaminated by sulphur dioxide (Kopisty). The exposure 
involves unpatinated bronze and two kinds of brown-patinated and green- 
patinated material, one of them patinated by a patinator, the other in a 
laboratory using industrial recipes. These materials are being exposed both 
uncoated and with the following coatings: microcrystalline wax, beeswax,
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acrylic varnish and INCRA varnish, i.e. acrylic varnish with corrosion 
inhibitor. An industrial method for green-patinating copper roofing is also 
included in the exposure, but only without organic coating.

Laboratory study of the impact of corrosive substances
Some years ago a great deal of interest came to focus on the possible influ
ence of nitrogen dioxide on various degradation processes, above all as 
regards the interaction of nitrogen dioxide and sulphur dioxide. After the 
concentration of sulphur dioxide in Swedish urban atmospheres has been 
considerably reduced, from the 1960s onwards, whereas no such reduction 
of nitrogen oxides had been achieved at all, a certain amount of attention 
came to focus on the harmful effects of these gases.

The Department of Inorganic Chemistry, University of Göteborg, was 
engaged to investigate reactive mechanisms for these detrimental gases and 
statue bronze. That work was conducted by Peter Eriksson in close collab
oration with the project at the Central Board of National Antiquities 
(Eriksson et al 1993). The test material used in the laboratory study was 
statue bronze with the following percentages of alloying elements, in addi
tion to copper: Zn 5.64%, Pb 5.51%, Sn 4.5%, Ni 0.53%, Fe 0.14%, Sb 
0.11% and P<0.01%.

The test material was studied in the form of polished specimens and in 
the form of specimens patinated with copper nitrate by an art patinator. 
The test conditions were 90% relative humidity and, in cases where SO 2 

or NO2 were added, the proportion was 0.5 ppm. Experiments were also 
performed with, respectively, 6 and 30 pg Cl/m^ added.

The main results of the study of polished specimens were as follows:
- NO2 has, as a single pollutant gas, a stronger corrosive effect than SO2.
- When the test atmosphere contained NO2, the reaction with the stat

ue bronze led to the formation of HNO2.
- At 90% relative humidity there is a strong synergistic effect between 

NC>2 and SO2.
- The addition of small quantities of NaCl substantially increases the 

corrosion rate.
- The most pronounced synergistic effect was obtained for the combina

tion of NC>2 and NaCl.
- The presence of NaCl on the bronze surface increased the NO2 depo

sition rate and led to the formation of NO(g) together with nitrite and 
nitrate in the surface electrolyte on the test material, in addition to the 
formation of HNC^Cg).
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— The addition of NaCl in the experiments with both SO2 and NO2 in 
the atmosphere, did not lead to any significant increase in the corrosion 
rate.

— Corrosion products containing copper, zinc and lead, but not tin, 
could be identified with powder X-ray diffraction.

— jJThe absence of crystalline tin compounds is probably due to the tin 
forming amorphous tin oxide on the surface of the metal.

Tests on the patinated specimens suggest that lead sulphite, formed during 
patination, could lead to a partial passivation of the bronze surface.

The results of the experiment show that the atmospheric corrosion 
chemistry of a technical alloy like that under consideration involves sever
al parallel reactions. The situation is further complicated in the case of a 
traditionally patinated and waxed statue bronze in an outdoor atmosphere 
during changeable weather.

The results obtained in the study convey a deeper insight into the reac
tions which can be expected in outdoor bronzes, but they are not to be 
used as a basis for in-depth conclusions as to which factors determine the 
corrosion of real objects in outdoor surroundings, especially not as regards 
more long-term processes. There are two main reasons for this reservation;

(1) The impact of rain-flushing of parts of sculptures is considerable 
and was not simulated in the laboratory studies.

(2) The present study concentrates on short-term and initial processes. 
The longest exposure time was four weeks.

It may be appropriate to ponder the results obtained in the light of our 
knowledge that, normally speaking, copper oxide and brochantite can be 
identified on bronze sculptures and, in chloride-containing environments, 
atacamite and paratacamite as well, among other substances. These solids 
are thermodynamically stable in contact with aqueous solutions contain
ing divalent copper ions in fairly low concentrations and sulphate and/or 
chloride.

The present study confers new insight into the existence of several reac
tive paths for corrosion processes which can include both nitrogen com
pounds and sulphur compounds. In the light of this new knowledge there 
seems little point now in pursuing the studies in much greater depth, 
because the relative proportions of the different parallel reactions can be 
expected to vary a great deal, depending on the ambient conditions of real 
outdoor sculptures. In such conditions there is probably little point in 
defining a number of model systems for different conditions, unless there 
is found to be reason for devoting large sums of money to research in this 
field.

Results are now available showing that there are several possible chemi
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cal reactive paths for the formation of the constantly recurring corrosion 
product components. It is reasonable to suppose that these compounds are 
formed under conditions which could be termed quasi-equilibrium 
between the solid phases and aqueous solutions containing copper (II) 
ions, sulphate ions, chloride ions, nitrations and so on. With varying wet
ness on the surfaces, no doubt both dissolution in and precipitation from 
aqueous solution occur.

5.2 Surface treatment and cleaning
When restoring sculptures one is sometimes forced to remove both old 
patina and perhaps other solid precipitations on the surface. It is very 
important to be able to do this with the least possible removal of the 
underlying metal and with a reasonable work input. There are several 
divergent opinions as to how this should be achieved. Apparently the only 
consensus opinion is that, in chemical cleaning, one must not use acids for 
this kind of work.

German conservators often devote much more work to carefully remov
ing various coatings with a scalpel, even from large outdoor sculptures. 
This kind of work can take anything up to half a man-year - or even more.

The financing of such work is of course a major problem, which makes 
it very useful to know the metal removal entailed by alternative, faster 
methods. To investigate this point, the Swedish Corrosion Institute (see 
above) was requested, as part of its project on corrosion in bronze sculp
tures, to study these methods. In connection with this work, a number of 
the blasting agents were also tested under craft conditions at the Petters
son art foundry.

5.3 The structure of the patina layers
Studies of material specimens from remediated sculptures have been per
formed at RIK on scraped corrosion specimens, on ground sections of 
drilling cores and on drilled metal chips. The metal analyses, performed 
with ICP, show that all the alloys used have a copper content of about 85- 
90%, with varying proportions of tin, zinc and lead. The analyses of cor
rosion products, performed using XRD (Debye-Scherrer and Guinier- 
Hägg), mainly indicate the presence of copper oxide and brochantite, and 
in one or two exceptional cases also of antlerite. The latter apparently 
occurs on well-protected surfaces which are not flushed by water. Studies
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of material from Göteborg have also revealed atacamite, and paratacamite 
(Strandberg, H., 1994).

The finely ground metallographical cross sections of the patina layers 
were examined in an optical metal microscope and a scanning electron 
microscope, and were analysed with energy-dispersive X-ray fluorescence 
in SEM. These analyses, together with XRD, show that black zones on the 
surface of the sculpture next to the metal have a thin layer of copper oxide, 
over which there is a layer consisting of a mixture of brochantite, various 
airborne solid contaminants like quartz, soot etc., and a tin compound 
which is not crystalline, probably SnC^. An outermost layer contains bro
chantite only, together with the solid impurities (Fig. 5).

V1SV2

Fig 5. Specimen from the sculpture “Youth u/ith Turtle”. Distribution of elements as regards accu
mulation of tin, zinc and sulphur in a dark zone of the surface. The image, magnified 675X, 
comes from a scanning electron microscope. Zones with elevated concentrations of tin (Sn), zinc 
(Zn) and sulphur (S) are highlighted in the picture. Zones with heavy concentrations and a com
parative predominance of one element are coloured dark blue for Sn, red for Zn and green for S. 
Zones with elevated concentrations of more than one element are coloured according to the fields 
formed by the overlapping of rectangles corresponding to each element in the code, bottom left. Yel
low, for example, implies elevated content of both Zn and S. The zones corresponding to uncorro
ded metal, at the bottom of the image, are two different shades of red or else violet, depending on 
variations ofSn and Zn content in the alloys.
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Fig 6. Specimens from another part of the surface, as in the previous picture. Accumulation of tin, 
zinc and sulphur in a corrosion pit. This again is a scanning electron microscope image, with the 
same colour coding as before. Magn 31 OX.

Under green surfaces, i.e. the water-flushed upward-facing surfaces and 
in green streaks, we have, nearest the metal, copper oxide and, in an outer 
layer, a mixture of brochantite and the tin compound which recurs all the 
way to the outer surface (Fig. 6). Thus in the green zones we have an accu
mulation of tin caused by leeching of the slightly water-soluble copper 
hydroxide sulphate from the patina. At the same time the impurities mak
ing the patina black are washed away.

5.4 Inventory
Limited inventories have been compiled as a basis for practical work and 
to gauge the extent and type of existing damage. So far this work has been 
restricted to a total inventory of bronze sculptures in the Municipality of 
Sundsvall, which was formerly known for its extremely polluted air, and 
an in-depth inventory of 14 sculptures in Göteborg. The latter describes 
and documents type and extent of damage. The composition of the pati-
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na, in terms of its constituent chemical compounds, is an essential part of 
this account. That work was done by Helena Strandberg of the Heritage 
Conservation Department, Göteborg University (Strandberg, H., 1994).

Within the city of Stockholm, a general inventory of the apparent state 
of older sculpture in the inner city has been made by the authors. It was 
on the basis of that inventory that sculptures were selected for the remedi
ation measures carried out as part of this project.

Fig 7. Gustav II Adolf, erected in 1911 in Sundsvall, with high SO2 pollution until the 1970s.

42



A more comprehensive general inventory of bronze sculptures in Stock
holm is planned. This is to be undertaken on behalf of the City of Stock
holm. The plan is to carry out a total inventory of the stock of bronze 
sculptures in the inner city of Stockholm and to compile a general descrip
tion of states and remediation requirements.

The purpose of this inventory work is to provide a basis for remediation 
work and for the scientific survey undertaken to achieve the objects of the 
project, and also to devise methods for listing and describing damage and 
remediation requirements.

Inventory work so far has shown that most of the outdoor bronzes in

Fig 8. Pojke med skepp (Boy with Ship), 1957, is a typical representative of most outdoor sculp
tures in Sweden, in need of care but without damage.
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Sundsvall (12), Göteborg (180 approx.) and Stockholm (270 approx.) 
require curative treatment in (he form of washing and waxing but are gen
erally not in need of any more extensive restoration. In Sundsvall, reputed 
to have had the most polluted air in Sweden twenty years ago, only the two 
oldest sculptures have developed a patina which can be considered to indi
cate damage to the bronze. Those sculptures were erected in 1911 (fig 7) 
and 1935 respectively. The other bronze sculptures, the oldest of which 
dates from the 1940s, are in satisfactory condition (fig 8).

In nearly all known cases, including other towns and cities besides those 
mentioned here, the care and maintenance of outdoor sculptures is an 
unknown concept. There are occasional exceptions, e.g. when a sculpture 
is covered over for the winter and washed down and polished in the spring. 
Such exceptions are salutary and show that even regular care of a very sim
ple kind will keep a sculpture in extraordinarily good condition and pre
sumably eliminate entirely the need for expensive restoration measures at 
some later date. Besides, works of art which are looked after are aestheti
cally more attractive.

It must be vigorously emphasised that works of art which are placed 
outdoors require regular attention.

5.5 Restoration measures
The purpose of remediation work was to deal with bronze sculptures out
doors which are in acute need of attention. Another purpose was to pro
vide knowledge and information concerning bronze sculptures and their 
properties and states, as a basis for directions concerning inventory work 
and future remediation. Altogether nine objects, of different ages and sizes 
and in different conditions, have been dealt with.

Four of them were treated in order to investigate the reversibility of a 
new method of treatment, reports RIKa 90-002:1, RIKa 90-002:2, RIKa 
90-024:1 and RIKa 90-024:2. These four objects are relatively small busts, 
cast between 1912 and 1972.

The other five objects have been treated due to their having developed 
various kinds of patina indicative of different types of damage. The young
est of them has been exposed to the elements since 1949, the oldest since 
1867. All the sculptures are located, and always have been, in the inner city 
of Stockholm, where the air pollution situation has varied both geograph
ically and historically. In all five cases it proved impossible to obtain any
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information about the surface treatment and appearance of the sculpture 
at the time of its erection. Not even for the latest one, put up in 1949, 
have we been able to obtain the full picture concerning its appearance and 
treatment, even though we have been in touch with several persons who 
saw it in its newly installed condition.

The five sculptures, in order of seniority, are as follows:

• Bältesspännarna (The Contenders), byJ.P. Molin, erected in 1867 out
side Nationalmuseum, Stockholm. Report RIKa 90-022 (Törnblom, 
Cullman 1993a). Fig 9. See appendix 4.

Fig 9. Bältesspännarna (The Contenders), by J P Molin, erected 1867, before measures.
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Yngling med sköldpadda (Youth with Turtle), by J. Börjesson, erected 
in 1884 outside Nationalmuseum, Stockholm. Report RIKa 90-003:4 
and RIKa 90-003:5 (Törnblom, Gullman 1990d and G ullman, 
Törnblom 1990).Fig 10. See appendix 3.

Fig 10. Yngling med sköldpadda (Youth with Turtle), by John Börjesson, erected 1884, before
measures.
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Fosterbröderna (The Foster Brothers), by T. Lundberg, erected in 1888 
outside Nationalmuseum, Stockholm. Report RIKa 90-023 (- 
Törnblom, Gullman 1993b).Fig 11. See appendix 5.

Fig 11. Fosterbröderna (The Foster Brothers), by Theodor Lundberg, erected 1888, before 
measures.
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• Farfadern (The Grandfather), by P. Hasselberg, erected in 1896 in 
Humlegården, Stockholm. Report RIKa 90-003:3 (Törnblom, Gull- 
man 1990a). Fig 12. See appendix 2.

Fig 12. Farfadern (The Grandfather), by Per Hasselberg, erected 1896, before measures.
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• Näcken (The Water-Sprite), by C. Frisendahl, erected in 1949 in the 
courtyard of the National History Museum, Stockholm. Report RIKa 
88-054:1 and RIKa 88-054:2 (Törnblom, Gullman 1989 and Gull- 
man, Törnblom 1989). Fig 13. See appendix 1.

Fig 13. Näcken (The Water Sprite), by Carl Frisendahl, erected 1949, before measures.
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In connection with restoration work, samples were taken from some of the 
sculptures in the form of drilled metal chips, for determination of their 
alloy composition. A number of drill cores were also taken in order to 
study cross-sections of metal and patina, as well as scrape specimens for 
phase analysis of corrosion products.

The purpose of all restoration work, apart from the restoration itself, 
was to study the character of the damage in relation to the outward appear
ance of the sculpture. Importance was also attached to gaining knowledge 
and experience of cleaning methods in connection with the restoration 
work, and also of different types of surface treatment, patination and cor
rosion proofing.

The restored objects are not only newly restored bronze sculptures in 
public places but can also be regarded as full-scale exposure experiments, 
with specific objects, treated in a variety of ways, exposed to the atmos
phere so that, in coming years, they can be observed and studied and made 
objects of care and maintenance under specially controlled conditions. It 
should be emphasised that there has not been any careless experimentation 
involved.

The sculpture restoration working party
All treatment of sculptures within this project was discussed by a working 
party recruited in such a way that various interests and specialists had an 
opportunity of communicating their viewpoints.
The members of the working party were as follows:

Liss Eriksson, sculptor,
Jan Gullman, inorganic chemist, corrosion specialist, the Central Board of 
National Antiquities,
Gunnar Pettersson, artware master founder,
Elisabet Tebelius-Murén, sculpture conservator, Nationalmuseum,
Mille Törnblom, metallurgist and project leader, the Central Board of 
National Antiquities,
Bo Wingren, art historian, the Stockholm City Museum.

All remediation measures were discussed within this working party, and 
before action was decided on it was established what will be suitable and, 
above all, what end result was being aimed for. On this basis it was decid
ed what would be technically permissible. Clear reasons were given for 
physical interference with the objects restored, and in such cases no more 
was done than was judged to be necessary.
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Restoration work does not usually include the taking of samples. The 
sampling done in the present project was justified by very special consid
erations and is not to be regarded as a routine action. Subject to conditions 
of this kind, the working party was able to accept sampling to the extent 
and of the character occurring in connection with the restoration work 
undertaken. Holes caused by sampling were repaired by competent crafts
men.

5.6 Corrosion status of selected sculptures
Four of the five objects treated seemed at first sight to be in much the same 
condition. They all had the typical spread of upward-facing green zones, 
with a black patina on the vertical and protected zones, and green streaks 
running down from the green zones over black surfaces. Closer inspection, 
however, revealed essential differences.

Näcken (The Water-Sprite), is the youngest sculpture. Despite its very 
extensive green streaking (Fig. 13), it presented no detectable reliefin the 
underlying metal surface which could be related to heavy corrosion 
attacks. (Appendix 1).

Bältesspännarna (The Contenders, fig 9), Yngling med sköldpadda 
(Youth with Turtle, Fig. 10) and Fosterbröderna (The Foster Brothers, fig 
11) display very distinct corrosion attacks in the form of green, hollowed 
patches in black surfaces, and especially on surfaces facing upwards 
(Appendices 4, 3 and 5). The streaks also presented a relief which was not 
observable on Näcken.

The fifth sculpture, Farfadern (The Grandfather, fig 12), had acquired 
a green and black patina without excessively harsh contrasts, with gradual 
transitions between the green and dark zones and with very little green 
streaking (Appendix 2). This streaking was of a different kind from that to 
be seen, for example, on Youth with Turtle and The Water-Sprite. On this 
sculpture there was no pronounced relief or harsh contrast between zones 
of different colours. To a lesser extent there were small green patches on 
some upward-facing surfaces, which could be a sign of pitting. The 
Grandfather had also been scrawled on and had earlier, during the 1980s, 
been treated with silicon wax which had aged and turned grey.
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6. Restoration of selected 
sculptures

6.1 Sampling
Sampling was undertaken when considered justifiable, as described in the 
appendices. All samples have been archived. Insofar as the samples have 
been analysed, the analytical findings are presented in the report con
cerned.

6.2 Cleaning
Cleaning can be done either mechanically or using various chemicals. Our 
development work includes certain investigations of cleaning methods, 
described above. For the remedial work, which was done at Gunnar 
Petterssons artware foundry in Stockholm, blasting was the principal 
method used, for a variety of reasons.

To achieve the aim of understanding and assessing the extent of damage 
beneath different kinds of patina, two of the sculptures, namely The 
Water-Sprite and Youth with Turtle, were blasted clean. The two of them 
were covered by black and green patina in patches and streaks, which 
noticeably disrupted their design. They were of very different ages and 
stood in different surroundings. Blasting yielded important information 
concerning the extent of the corrosion process. The older of the two sculp
tures had a heavily corroded surface with pitting up to about 0.5 mm deep. 
The metal under the green streaks was clearly furrowed. The later sculp
ture had quite an extensive streaking pattern but no visible attacks in the 
metal after cleaning.

The other two sculptures which were blasted were not cleaned right 
down to a purely metallic surface. The aim here was to make a full-scale
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study of using blasting to remove only the outer patina layer which had to 
be removed for cleaning - that is the glotchy, uneven outer layer stained 
with soot and grime. The Foster Brothers was blasted all over in this way, 
so as to leave the bottom layer of copper oxide and parts of the green bro- 
chantite layer above it in situ as an underlay for patination.

The Contenders was cleaned in the same way, but the base of this sculp
ture, which is also cast in bronze, was used for a full-scale experiment with 
various blasting agents. The base has four vertical sides with narrative 
reliefs and is cast of the same material as the sculpture. The four sides were 
blasted with olivine sand, aluminium oxide, glass beads and plastic beads 
respectively. The results show olivine sand and aluminium oxide to be 
comparable as blasting agents, effective and producing excellent results. By 
“excellent results” here we mean that the outer layer of the patina was 
removed and much of the copper oxide allowed to remain on the surface 
of the metal.

Glass beads can produce an equivalent result with a great deal of work 
input, but large quantities of blasting agent are consumed in this way and 
the work takes a very long time.

Plastic balls used for blasting break against the surface and form a grey
ish-white plastic powder film over the patina. No patina removal was 
observable.

We may add on this connection that nutshell blasting was tested on 
Youth with Turtle, but the only effect this achieved was polishing of the 
patina surface.

The fifth sculpture to be cleaned, The Grandfather, was in a similar 
state of corrosion to The Water-Sprite, but aesthetically it was in a much 
better state, and so it was decided that the patina surface would only be 
cleansed of dirt, graffiti and residues of wax, using organic solvent and a 
neutral detergent.

The Water-Sprite and The Grandfather are both virtually free from real
ly “deep” (~ 0.5 mm) corrosion attacks, unlike the other three. The Water- 
Sprite has not been exposed to outdoor conditions half as long as the other 
four, and the time factor may make some difference, but the environment 
where this statue has stood has been a good deal cleaner than for any of 
the other four.

The Grandfather had been standing in the open for as long as two of 
the other, more badly damaged objects: The Youth and The Foster Broth
ers. Although, probably, the Humlegården environment has not been 
ideal, this sculpture too is in a good state of preservation. The other three 
have occupied an extremely heavily polluted environment in their posi
tions outside Nationalmuseum, because they have been directly exposed to 
a quayside visited by steamboats which were coal-fired from the mid-19th
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century until about I960. Since 1960 the majority of these boats have 
been diesel-powered. Previously, then, the environment here was heavily 
polluted with SO2.

6.3 Patination and surface protection
All sculptures except The Grandfather were re-patinated. That work was 
done by a professional patinator, Karin Wassberg, just as all the previous 
operations were performed by a professional artware founder and chaser.

Above all, patination serves an aesthetic purpose, but together with sur
face treatment afterwards, it can also provide a corrosion-proof coating.

The sculptures which were blasted absolutely clean were first given a 
dark basic patination to which a green patina was applied, and they were 
then waxed. The Water-Sprite was waxed with beeswax, Youth with Tur
tle with microcrystalline wax. As stated in the description of SCI’s work, 
above, both blasting and patination consumed a few pm of the metal.

The Contenders retained the bottom - cuprite - layer of patina after 
blasting, and this provided a basis for dark patination with sulphide.

The Foster Brothers, which also retained its copper oxide coating, was 
green-patinated directly over the remaining patina. Due to the absence of 
dark patina priming, this sculpture is a paler green. Both these sculptures 
were waxed with microcrystalline wax dissolved in white spirit.

The Grandfather was given a slight retouching of facial patina after 
cleaning, and then waxed with beeswax.

In addition to restoring a number of sculptures, the purpose of this 
remedial work was:

— to gain experience of condition assessments and their relation to true 
condition, which had a bearing on sub-objective 2 (Aims, p 13): gaining 
experience of the nature of restoration work, which forms part of the 
attainment of sub-objective 3;

— carrying out full-scale cleaning and surface protection work;
— gaining experience of the working party in action;
— collecting a number of full-scale treated objects for parallel inspection 

in conjunction with the SCI exposure programme.
The last three of these points form part of the work done in pursuit of 

sub-objectives 3 and 4.
Appendices, below, contains the main substance of the restoration 

reports mentioned above.
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7. Conclusions

7.1 Corrosion attacks in bronze sculptures
Copper alloys, such as copper and zinc, can be classed as “salt passive” 
metals (Grauer and Wiedmer 1971). In many outdoor conditions, these 
metals acquire a fairly dense covering of highly insoluble corrosion prod
ucts. The dense corrosion products, consisting to a great extent of basic 
salts, afford partial corrosion protection for the metal surface which they 
cover. This is probably why zinc and copper-rich copper alloys have 
roughly the same atmospheric corrosion rates in atmospheres which do 
not have extremely high concentrations of hostile gas, even though atmos
pheric corrosion is an electrochemical process and zinc is much baser than 
copper.

Statue bronzes, then, are fairly corrosion-resistant alloys. The average 
corrosion rate for unprotected surfaces is of the order of some tenths of a 
micrometer per annum in clean and moderately contaminated atmos
pheres. This property of the bronze, coupled with its good pourability, is 
probably one of the main reasons for its longstanding popularity for the 
casting of outdoor sculptures.

The main copper corrosion products formed on bronze surfaces out
doors are copper oxide, brochantite and antlerite. In environments where 
chlorides are dispersed in the air, atacamite and paratacamite also occur.

Corrosion products of zinc as an alloying element in statue bronze 
appear mainly to change into soluble compounds and to leach out of the 
solid corrosion products which remain on the corroded surface of the 
metal. In corrosion, the tin contained by bronze forms an amorphous tin 
oxide. Being amorphous, it cannot be detected by X-ray diffraction anal-
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ysis, for which reason it is seldom reported as a constituent of corrosion 
products. The porous layer of tin oxide contains solid corrosion products 
of copper.

Solid corrosion products of lead are reported less frequently from stud
ies of corroded bronze statues, probably because the lead in the alloys is 
not present in a solid solution but is scattered in the alloy, encapsulated in 
the form of small globules of lead.

Corrosion products also include other substances besides those men
tioned above, but in comparatively small quantities. There is evidence of 
recognizable quantities of salts of organic acids. Similarly there are 
enclosed particles of dust in the outer corrosion products, i.e. outside the 
boundary within which tin has been precipitated. Considering all the dust 
and grime occurring in outdoor environments, there is reason to expect 
that careful analysis would reveal a large diversity of chemical pollutants in 
bronze patina. It is not known to what extent corrosion processes are in 
practice affected by the organic acids received from the environment. 
Lighter organic acids, such as acetic acid, could stimulate corrosion pro
cesses, while fatty acids, through the formation of sparingly soluble copper 
soaps, might presumably curb the corrosion processes. Nothing, however, 
seems to argue directly in favour of the organic compounds formed 
through reaction with atmospheric pollutants being significant corrosion 
stimulators, at least in the majority of outdoor environments.

Examinations of patina also reveal inclusions of solid particles, e.g. 
grains of sand.

Green colouring in the patina of bronze sculpture is due to the occur
rence of copper(II) hydroxide salts, such as brochantite, antlerite or ataca- 
mite. It is less easy to give a firm explanation for the dark, almost black 
colour which frequently occurs. This may possibly be due to particle size 
effects of the kind causing silver to look black in photographic prints, 
because analysis of a dark patina of this kind shows it mainly to consist of 
the basic copper salts which give rise to the colour green. To this, howev
er, it may be objected that, in the analyses performed, methods were used 
which, for example, do not detect soot and chemical impurities as e.g. tar, 
which may be another reason for parts of the patina being black. It is also 
worth noting that we have several times observed how scrape specimens 
taken from dark surfaces for analysis have turned green when pulverised 
for the preparation of specimens. For a better understanding of these mat
ters further investigations are needed.
Observations can be made of copper roofing, which commonly presents 
irregular patterns of green and dark areas highly reminiscent of the patina 
on bronze sculptures. The occurrence of these zones is probably connect
ed with differences of humidity and runoff conditions between different
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parts of the surface. Dark zones are especially common on vertical parts of 
copper roofs. The boundaries between green and dark zones are usually so 
clear cut that one is tempted to infer that, when one or the other type of 
zone has been formed, this apparently also stabilises differences in mois
ture condition between different parts of the surface. The fact of green 
zones being commoner in comparatively wetter parts suggests that the 
green zones stay wet longer than the dark ones, or that the dark ones are 
not so easily wetted.

The occurrence of corrosion products of divalent copper salts is of cru
cial importance for the appearance of the patina, owing to their green 
colours. As the surface colours depend on particle size effects and particle 
size in turn depends on the way in which the copper compounds are pre
cipitated on the surfaces, the appearance of the “natural patina” depends 
very much on the environment and the form of the sculpture.

Because the copper hydroxide salts have a certain solubility, one should 
exercise caution in the matter of statements as to what can be termed 
“original” or “historic” patina. Patina develops and changes continuously 
with the passing of time, and so it is probably very rare for old outdoor 
bronze sculptures to retain any original, unchanged patina.

Patina which is green because of malachite content cannot be formed by 
reaction with atmospheric carbon dioxide, because the partial pressure of 
atmospheric carbon dioxide is too low for malachite to be thermodynam
ically stable. Green patina on sculpture in earlier times of low atmospher
ic SC>2 content, therefore, probably resulted from deliberate surface treat
ment.

Hitherto it has been assumed that the copper alloys have been exposed 
without any surface coating. Clearly, different conditions prevail in situa
tions where there is an organic coating which is maintained on the surface. 
Let us begin by considering treatment with beeswax or wood tar, which 
has been practised since ancient times. Wax and tar make the surface 
water-repellant and form a barrier between moisture and the surface of the 
metal, thereby counteracting corrosion.

Beeswax has several different components whose relative concentrations 
are said (private information from the Doerner Institute) to vary. The 
main constituent is myricine, which is an ester between palmitic acid and 
myricyl alcohol. This makes it reasonable to assume that palmitic acid can 
give rise to eventual formation of copper soap on waxed bronze surfaces. 
A similar case of copper soap formation is a well-known phenomenon on 
brass candlesticks which have happened to become stained by Stearine 
containing stearic acid. Copper soaps are very sparingly soluble in water 
and are a beautiful green colour.

Waxed sculptures in a good state of maintenance have not been studied
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more closely in the present work. They are comparatively few in number 
by comparison with sculptures which have been partly or wholly neglect
ed. Some outstandingly beautiful examples of well-cared-for sculpture

Fig 14. Sculpture by Maillol in the Luxembourg garden in Paris.
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could be seen in the Luxembourg gardens in Paris, where a number of 
sculptures by Maillol (1861—1944) have been cared for continuously since 
at least the 1940s (fig 14 and 15). They present smooth surfaces with a

Fig 15. Detail of a Maillol sculpture in the Luxembourg garden i Paris.
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high polish, in shades of green and brown. In Sweden there are examples 
of well cared outdoor sculptures privately owned by the sculptor Liss 
Eriksson.

In the absence of good documentation (at least, readily available good 
documentation) concerning the care given to sculptures in earlier times, it 
is often hard to draw conclusions about the reason for their present con
dition.

The sculptures by Adrian de Vries standing in the gardens of Drottning
holm Palace may seem to present almost astonishingly little corrosion after

Fig 16. The Victory of Virtue, by Adrian de Vries founded in 1622, in Drottningholm, with a 
patina of excellent appearence, thin and glossy.
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Fig 17. A horse by Adrian de Vries, founded in 1607, removed from the garden in Drottningholm 
about 20 years ago. The patina is much greener in this object than in sculptures left in the garden.

having stood outdoors ever since the 17th century (fig 16 och 17). It is not 
known, however, whether or not they were waxed in earlier times. As far 
as is known they have not been waxed during the present century. All that 
has been able to find out is that, when casts were being taken at the begin
ning of this century for the copies made for the Valdstein Palace in Prague, 
the foundry was ordered not to alter the sculptures in any way. This, 
apparently, is all that is known.

One can, however, make a rough estimate of the magnitude of corro
sion attacks in 350 years, assuming a corrosion rate of 0.5 pm, which is 
more or less the corrosion rate in a rural atmosphere. This gives 350 x 
0.0005 = 0.175 millimetres. A fairly steady erosion of the order of 0.2 mm
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Fig 18. Yngling med sköldpadda (Youth with Turtle), detail of green streaks.
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is not incompatible with observations which can now be made on the de 
Vries bronzes at Drottningholm.

It should also be noted that the sculptures from Drottningholm, which 
were moved indoors some decades ago and are now at Nationalmuseum, 
in some cases present green surfaces of a kind not existing on those which 
are still outdoors or which were only brought inside a few years ago. No 
samples for analysis have been taken, however, from this thin, greasy-look- 
ing green and dense patina to try and find out what it contains. The con
tents might perhaps be copper soap from residues of previous waxing. It is 
not unreasonable to suppose that the statues were waxed after the casts had 
been taken, soon after 1900. — The copies in the Valdstein Gardens have 
the same pattern of crazing as The Youth with Turtle used to have.

The sculptures receiving special attention in this project are those pre
senting more or less extensive corrosion attacks on their surfaces. The 
most corroded sculptures, of which we made an extra close study, are in 
the grounds of Nationalmuseum. They are between 100 and 130 years old 
and for a great deal of this time were exposed to smoke from the steam 
boats which used to put in to the quayside at Blasieholmen. Before resto-

Fig 19. Detail of the surface of Yngling med sköldpadda (Youth with Turtle) afier removing of 
corrosion products. Notice the crazing resembling attacks.

ration they presented the typical appearance shared by many bronze sculp
tures in Central European locations with high atmospheric concentrations 
of sulphur dioxide (fig 18 and 19).

63



This type of environment causes substantial local corrosion attacks in 
the form of small green recesses with a mainly dark surface. The location 
of the attacks gives the surface an appearance resembling the crazing on a 
painted or tarred surface (fig 19). Other sculptures of similar age, in other 
parts of Stockholm, are for the most part a good deal less corroded.

The waxing of bronze sculpture with beeswax or its treatment with 
wood tar, a traditional practice for millennia, apparently gives the under
lying metal substantial protection from corrosion. As we have already seen, 
even without this kind of surface protection, copper alloys are fairly resist
ant to corrosion. Regular maintenance in the form of washing and re-wax- 
ing, moreover, seems to counteract the occurrence of many undesirable 
pronounced differences in patination appearance resulting from different 
corrosive conditions in the different corrosion environments created by 
the shape of sculptures, with runoff channels in some places and areas 
more or less protected from rain in others.

The results of the examination of The Contenders (appendix 4) suggest 
that the crazing pattern may have resulted from local corrosion attacks, 
beginning in the zones where an organic surface coating was first broken 
down. The presumed coating was probably wax, varnish or suchlike, 
applied after patination. There are other possible explanations for the 
occurrence of crazing patterns like this, and the hypothesis now stated 
would seem to require further support before it can be taken as established.

The effect of various forms of surface treatment on bronze specimens is 
being studied in the field exposure which was inaugurated in 1992 and is 
briefly described below.

Some sculptures present corrosion problems involving iron detailing 
(appendices 2-5). These iron details are so differently positioned that it is 
very hard to generalise about the problems which sometimes occur. What 
can be said, however, is that serious problems seem only to occur in cases 
where the iron frequently becomes thoroughly wet. Since these iron fit
tings are usually thick, they are likely to have a life expectancy of several 
centuries if they are sheltered from the rain. In sculptures where water can 
penetrate and accumulate, any supportive iron structures are liable to 
become seriously corroded.

Surprisingly enough, there are instances of surviving iron core supports 
which extend to the surface of sculptures which are several hundred years 
old. The combination of iron and statue bronze gives rise to a notable gal
vanic corrosion in the iron, as is distinctly illustrated by the corrosion of 
iron bolts coming into contact with The Water-Sprite (appendix 1) and 
the bolts included in Youth with Turtle (appendix 3). Possibly the preser
vation of many old core supports extending to the surface of the sculpture 
may be partly due to good maintenance in earlier times by regular re-wax-

64



ing, in addition to the fact that they are less exposed to prolonged periods 
of damp than, for example, the heavily corroded bolts which have been 
observed.

The studies commissioned from the Swedish Corrosion Institute and 
the Chalmers Institute of Technology yielded the following results.

The Corrosion Institute Study showed the cleaning of a corroded metal 
surface to involve metal removal, in the sense of the surface being stripped 
of metal converted into patina. If cleaning is carried out properly, no 
appreciable further removal of the remaining material need happen. Blast
ing has proved especially suitable as a means of achieving controlled par
tial cleaning where it is not the intention to remove all patina.

Patination on a pure metallic surface always consumes parent material, 
even if a great deal of the patina is added in the form of copper salts. The 
extent of metal removal was of the same order as with between two and 
five years’ outdoor exposure of unprotected bronze. A rawness or chasing 
of the surface does not appear to have any substantial effect on the subse
quent course.

The exposure which has now been started at three field stations is 
expected to lead to conclusions concerning the durability of surface treat
ments and corrosion rates in ordinary outdoor surroundings.

Studies at the Chalmers Institute of Technology (CTH) of the effect of 
hostile gases on bronze material with and without surface treatments, and 
at RIK of the structure and composition of patina, have shown the patina 
to consist mainly of copper compounds formed by reaction with SO2, 
probably in conjunction with NO2. In other words, the patina is mainly 
a product of air pollution. The CTH study has also shown that a patinat- 
ed surface is reactive to hostile gases.

The results of the laboratory exposure also show that several parallel 
reactions can be expected with air pollution acting on statue bronze. 
Those results, however, should not be uncritically accepted as a basis for 
far-reaching conclusions about corrosive conditions in outdoor environ
ments. The laboratory studies only involved exposure times of between a 
day and a month. Long-term effects, therefore, cannot be expected to 
appear.

The results show that bronze corrosion is stimulated both by sulphur 
dioxide and by nitrogen dioxide.

One finds that a patina without any organic coating (e.g. of wax) is rel
atively reactive as regards uptake of hostile gases. Beeswax treatment can 
be expected to reduce superficial SO2 uptake substantially.

Studies in connection with the cleaning of sculptures have shown that 
there is no demonstrable direct connection between the spread of patina 
disfigurement and damage to the underlying metal, but it is to some
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extent possible, through further inspection, to judge whether damage is to 
be feared.

Investigations of cleaning methods and patinations at the Swedish Cor
rosion Institute, coupled with experience of the practical remediation 
work, have led to the conclusion that the traditional materials and meth
ods of care and restoration are no worse than other anti-corrosion treat
ments and are better than these from the viewpoints of art history, ethics 
and aesthetics.

7.2 Care and restoration
During this project, the practical care and restoration of bronze sculpture 
in outdoor surroundings has all the time been the main question which 
has had to be answered in order for the project to be brought to a success
ful conclusion. All other questions, such as the course of patination, the 
extent and character of corrosion attacks and the reason for damage, have 
a bearing on the type and extent of restoration measures but must be con
sidered secondary to the main issue, namely the measures of care or resto
ration needed for a particular object, and the grounds on which a decision 
can be based.

The work of the project has involved inspecting a large number of 
bronze sculptures in various parts of Europe and the USA. Altogether 
about 150 sculptures have been closely inspected in Sweden (in Stock
holm, Göteborg and Sundsvall, at Drottningholm, in Uppsala, Visby and 
Kiruna and in various other parts of the country) about 50 in Oslo, 20 or 
so in London, about 50 in Paris and the same number in Munich, Augs
burg and Prague. Single objects have also been examined in several other 
European cities. In Baltimore, USA, a more general study was made of a 
number of sculptures. Closer studies were made of nine objects restored in 
Stockholm and of 15 sculptures in Göteborg which were analysed in detail 
with regard to their condition and the composition of corrosion products. 
During these field trips, art founders, art historians and conservators were 
interviewed about the state of objects and the work which, in their opin
ion, would have to be done to preserve them. The general observation 
resulting from these field trips and from discussions with various profes
sional categories involved in the care of outdoor sculptures, is that opin
ions concerning the extent of damage and the amount of care needed dif
fer a great deal from one person to another, even when they are talking 
about the same object. Concerning the type of measure to be taken and
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the choice of methods and materials, the divergence is even greater.
One thing typical of the attitude of different professional categories is 

that art founders and patinators, i.e. craftsmen, take a practical view of the 
problem, a view often quite compatible with an artists view of what the 
end result should look like, whereas art historians view the problem in an 
academic light, with different schools entertaining different views about 
the principles of preservation in relation to curative inputs.

Technicians tend to regard the problems mainly as a question of surface 
protection and to see the solution in maximum rationalisation of the han
dling of the objects, so as to guarantee, in cost-benefit terms, the highest 
possible volume of maintenance.

Conservators, finally, try to keep one foot in each camp, and this usu
ally involves them in problems of identity which give rise to uncertainty 
and confusion. The great expectations frequently pinned on conservators 
do not make things easier for them.

The problem of maintenance and restoration can be divided into a 
number of sub-problems which will be discussed one by one and then, 
finally, put together into a conclusion as to what ought to be done and on 
what grounds.

The first problem one runs into is the state of the sculpture. Disregard
ing graffiti and other forms of vandalisation, the usual reason for the alarm 
being given is that a sculpture is damaged and needs to be put right, that 
it has developed an ugly patina, that it has corroded. Usually this means 
that it has corroded in such a way that horizontal surfaces are green, sur
faces sheltered from the rain are black and vertical surfaces are black with 
green streaks. This type of corroded surface often distorts the plasticity of 
the sculpture, creating patches of light and shade where the form of the 
sculpture says they ought not to exist.

Photografic documentation of these changes proved very difficult as 
work proceeded. Outdoor lighting conditions, surface structure etc. affect 
both the depiction of form and the appearance of colours and surface 
finish of the picture. Studio photography also envolved major problems, 
above all with regard to colour reproduction.

The studies made during this project of Swedish objects, partly in con
nection with restoration measures and partly during the in-depth study of 
sculpture in Göteborg (Strandberg 1994), have shown, however, that there 
is no straightforward connection between the extent of green zones and 
streaking over black surfaces on the one hand and corrosion damage to the 
underlying metal on the other.

Corrosion attacks in the form of furrows etched into the metal can 
occur on objects in air heavily polluted with sulphur which for a long time 
have presented green streaks. This is the case with the three objects which
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for a hundred years were exposed to coal smoke from a large number of 
archipelago boats outside Nationalmuseum in Stockholm.

On the other hand there are instances of more recent sculptures, like 
The Water-Sprite, which after only 40 years have just as much green 
streaking on a black ground but without any visible corrosion attacks in 
the metal.

Other extremes observed in Sweden include The Grandfather, which 
has stood outdoors in central Stockholm for a hundred years but has not 
developed an ugly patina and does not seem to have been corroded to such 
an extent as to affect its appearance.

On the outskirts of Stockholm, at Drottningholm, there are a number 
of 17th century bronzes by Adrian de Vries which have been standing out
doors in the same place ever since the mid-17th century. Those sculptures 
present a patina which is extremely thin and has a lustre and metallic sheen 
of such quality that they appear to have been given regular maintenance, 
though this has not been the case in recent times. There are no written 
records of these sculptures having been maintained in earlier times, and 
nobody alive today has any such recollections.

Copies of these bronzes, cast in about 1912 at the Bergman art foundry 
in Stockholm, now stand in the Valdstein Gardens in Prague, from which 
the de Vries bronzes were once removed as trophies of war. The copies 
have stood out in the open in the highly polluted Prague atmosphere for 
80 years and are today in worse condition than the three sculptures near 
the quayside at Nationalmuseum.

Extensive damage could also be observed in Paris and Munich, while the 
state of sculpture in Augsburg seemed rather different. These sculptures, 
apparently, have been exposed to a less aggressive atmosphere.

A fountain sculpture develops a special type of patina, very much 
depending on the quality of the water and the quantity and type of impur
ities which it contains. In South Germany, extensive deposits of lime were 
observed on parts of surfaces washed by water, and on the de Vries bronz
es at Drottningholm, iron salts from the water pipes seem to produce a 
chocolate-coloured patina with an almost metallic sheen on the surface of 
the metal.

The observations made have led to the conclusion that a disfiguring 
coating of corrosion products cannot be taken as evidence of corrosion 
damage. Close studies of the surface and of the thickness of the corrosion 
products, observations of any relief in the surface in the form of pitting 
and green depressions with black “islands”, indicate whether the corrosion 
attacks have been so extensive and irregular as to damage the surface struc
ture.

One has to realise, however, that copper alloys are relatively corrosion-
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resistant and that pitting to a depth of 0.5 mm in a hundred years is taken 
as a serious corrosion attack. It is important, then, when gauging the 
extent of damage, also to find out what the surrounding environment has 
been like since the time of the sculpture being erected and how much time 
has passed since then. We have not found any veritable corrosion damage 
on sculpture less than 50 years old, not even in Sundsvall, which at one 
time was the most heavily polluted town in Sweden.

When a sculpture is put up outdoors it is usually patinated and surface- 
treated. This output surface, as a rule, expresses what the artist wanted to 
show. Problem number two in all restorations is what the measures taken 
are intended to achieve. All remediation and restoration needs, of course, 
have resulted from neglected maintenance.

There are two main schools concerning the right approach to restora
tion.

One of these is the school in favour of what is termed fidelity to the 
object, meaning that no changes must be made to the corrosion products 
or to the rest of the object. Everything must be frozen in its condition at 
the time of restoration. This applies above all to the outward form and 
colour. Most conservators and many art historians subscribe to this school.

The other school argues that restoration must aim at achieving what the 
artist intended when the work was originally created. Adherents of this 
doctrine are usually craftsmen, artists and, above all, art historians.

Technicians seldom bother about the artistic qualities of appearance, so 
long as the corrosion proofing is good and the method is rational and not 
too expensive.

This, then, is the ethical problem - the biggest problem of all and the 
only one on which there is unlikely ever to be a consensus.

The restoration working party was set up to deal with this problem as 
fruitfully as possible, its members being recruited so as to take in as many 
aspects of the practical work as possible.

The formation of a moderately sized working party of this kind is rec
ommended for all restoration work, i.e. for measures extending beyond 
rudimentary washing, waxing etc. In this way it is easier to obtain a solid 
basis for deciding the measures to be taken and also to deal with the crit
icism which anyone who has completed a restoration will invariably have 
to face.

Once these two problems have been settled, there remains the last one, 
namely the practical working procedure and the materials to be used. This 
is usually the smallest problem of all, once the first two have been sur
mounted, because by this stage of things the options are severely limited.

The main conclusion drawn from the investigations and restoration 
work carried out is that most of the outdoor bronzes in Sweden, whatev-
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er they may look like, are not seriously damaged and are not in need of 
extensive restoration.

On the other hand, virtually all the objects inspected are in a state of 
neglect. With very few exceptions indeed, they have not been really clean
ed since they were put up. If these sculptures, which are valuable works of 
art and for the most part were purchased with public money, are not main
tained, it is to be expected that eventually they will incur damage requir
ing very expensive repairs.

Restoration, if needed, must be kept to a minimum. Corrosion prod
ucts are only removed if an ethical and aesthetic evaluation indicate that 
this is necessary, and then only to the extent required in order to achieve 
the desired result. The more that can be saved the better. Re-patination on 
top of old corrosion products remaining has good results and does little to 
interfere with the parent metal. Mechanical cleaning must always be done 
by professionals, mainly art founders and chasers, and re-patination must 
always be done by a professional patinator.

The final point to be stressed, then, is that outdoor art must be looked 
after. This means regular washing with water, a mild detergent and soft 
brushes, and definitely not high-pressure flushing, strong detergents or 
cleaning agents containing abrasive. Organic solvents are only to be used 
when absolutely necessary, e.g. for the removal of graffiti. If a sculpture is 
believed to be damaged or is felt to be disfigured by corrosion, then before 
any further measures are planned, a specialist should be consulted who is 
capable of judging whether or not damage has occurred.

It must also be noted that every object is unique. Every sculpture has to 
be assessed and treated on its own terms. There is no rational, standard 
treatment - that is, if sculptures are to be treated like works of art and not 
like motor cars or other capital goods.

7.3 Follow-up
What now remains to be done under the Bronze Sculpture Project of the 
Central Board of National Antiquities is follow up of the restored sculp
tures and the field exposures which are conducted by the Swedish Corro
sion Institute. These include bronze specimens which have been given var
ious patinations and surface treatments. This test material was put out in 
the spring of 1992 and testing will continue at least until 2000.

Questions as yet uninvestigated concern the extent and nature of dam
age to iron supports embedded in bronze sculptures, and methods for 
determining the extent of damage without a sculpture having to be dis
mantled.
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8. Summary

A short summary of bronze sculpture corrosion, how to decide about 
measures and how to perform them can be formulated in the following 
terms.

— The reason for corrosion of bronze sculptures being observed as a poten
tially serious problem is that bronze in an environment polluted by sul
phur dioxide acquires a patina of heavily contrasting dark and green zones 
in different parts of the sculpture.

— Unwaxed bronze sculptures have an average corrosion rate of the order 
of a few tenths of a thousandth of mm annually in clean or moderately 
S02'polluted air.

With heavier pollution, the average corrosion rate is likely to be of a 
magnitude of a few thousandths of a millimetre annually. In this latter 
case, however, the attack apparently is more uneven, so that local attacks 
can exceed this value several times over. In the course of a century, conse
quently, pits may develop which are anything up to a few tenths of a mil
limetre in depth.

— Concerning the question how to find out to what extent a sculpture is 
damaged we have come to the conclusion that the contribution of an 
experienced art foundry master is essential.

— For decisions about what measures should be taken a working party of 
a similar kind as used in this work is recommended.

— Bronze sculptures which are cared for in the traditional manner, which 
includes continuous waxing, are likely to survive for a very long time, even 
in outdoor environments affected by air pollution.
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Appendix 1.
Restoration of the sculpture

water

The Water-Sprite, a bronze sculpture modeled by Carl Frisendahl 1939- 
48, cast in Paris in 1948 at Alexis Rudier’s foundry, and erected in 1949 
in the courtyard of the National History Museum, where it has remained 
ever since. It is the property of the National History Museum.

The sculpture was cast, immediately after the Second World War, in 
Paris, where, according to contemporary information, the supply of cast
ing bronze was limited. This sculpture was selected for restoration, not 
primarily because it was in urgent need of attention but rather because it 
was believed to contain the answers to certain questions arising in the pro
ject. Then again, before its restoration it presented an appearance which is 
generally taken to indicate severe damage.
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Fig 20. Näcken (The Water Sprite) when it was erected in 1949.

State
The sculpture was covered by a thin patina. This was pale green on 
upward-turned surfaces, i.e. those surfaces which probably had the longest 
wetting time, due to the persistence of precipitation and dew. Surfaces pro
tected from direct precipitation were black or greenish-black. Water had 
run down from the green zones over the black ones, which were conse
quently streaked with green.
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Fig 21. Näcken (The Water Sprite) before measures. Green streaks over a black surface where 
water often runs.

Before restoration it could be seen that the sculpture had been cast in at 
least four sections. This was confirmed subsequently. A join at the waist, 
another at the right groin, at third at the right upper arm and a fourth 
straight over the violin could be clearly distinguished, as well as the bolts
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uniting them, which later proved to be untapped, tapered bronze pins. In 
the corrosion layers the joins appeared as distinct lines of a different 
colour. The same was true round the bolts, which were chased on the outer 
surface.

After casting, the surface of the sculpture was for the most part 
unworked. Burrs, funnels and raises had been scaled off and chased, as 
could be seen in the corroded state, from surfaces left by the material 
removed having acquired a patina of an even but deviating shade of green.

Fig 22. Näcken (The Water Sprite) before restoration. Detail showing different green appearences 
where the surface has been chased.

When the sculpture was removed from its base it was found to have 
been secured to it by four iron bolts (probably M12) of carbon steel. These 
had rusted through completely.

Purpose of the work
In addition to conserving/restoring the sculpture, the work had certain 
other purposes.

These were
- to decide, by means of thorough cleaning, whether any difference in 

the extent of attacks could be found beneath green and black surfaces 
respectively,

- to investigate the status of the joins more closely,
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— in connection with the work of cleaning and restoration, to investigate 
the structure of the corrosion layers and carry out sampling in order to 
study metallographic cross-sections of the metal with accumulated 
layers of corrosion,

- to test one of the methods which should be ethically and practically 
possible.

Restoration method
Because one of the purposes of the work was to study the cleaned surface 
of the metal, a method had to be used which included thorough cleaning 
followed by re-patination and surface protection. Little restoration work is 
being done in Sweden at present, but according to the information we 
were able to gather, art founders preferred to blast away old patina in con
nection with this work. This provides a better underlay for re-patination 
and waxing. The treatment is essentially the same as that given to a newly 
cast sculpture. The main difference is that in restoration the artist is usu
ally unable to take part in the work of finalising the patination and appear
ance of the sculpture.

Aesthetics and ethics
The integrity of the work of art is a very important consideration in work 
of this kind. The original work has been created by an artist with a very 
definite conception of what the final result was to look like. Where mon
umental bronze sculptures are concerned, it is rare for the artist personal
ly to have touched the work after producing a sketch or model for it, but 
even so, its final appearance is usually the result of close co-operation 
between artist, art founder and patinator.

One is bound to assume that the artist wishes to convey something with 
this work of art and that this is expressed by its final appearance. What one 
cannot assume is that the artist realised that the work of art would change 
to the extent and in the manner it is doing today. This is especially true in 
the case of earlier sculpture. Nor is it necessarily true that all artists today 
realise this or, if they do, that they automatically appreciate the transfor
mation.

One often hears it said by conservators, and sometimes by art histo
rians, that the original patina is not to be interfered with. This view is 
probably founded on the notion of a surviving original patina, distin
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guishable from a “harmful” patina. The truth is that there is seldom any 
original patina left, except on newly erected sculptures and, in exception
al cases, on very well-protected surfaces of not-too-ancient sculptures dis
played in not-too-aggressive surroundings. Nor can one expect to find an 
original surface, if by this one means the outermost hundredths of milli
metres. In the very first patination at the making of the sculpture, the out
ermost layer of the metal is deliberately broken down. Subsequent corro
sion, even at a low rate, consumes further material.

The purpose of the above discussion was to provide a short summary of 
the background to our decision on restoration procedures. After talking to 
art historians, conservators and art founders, we decided to try and find 
out what The Water-Sprite looked like when it was new and how Frisen- 
dahl regarded his sculptures.

In an attempt to find answers to the first question, we circulated an 
inquiry within the Central Board of National Antiquities and the Nation
al History Museums, both in the house journal and by means of an infor
mation board about the work being done on The Water-Sprite. Only one 
answer came in, but that was all the more detailed and actually included a 
colour specimen. Dr. Inger Estham, head of the Textile Section, joined the 
Central Board in 1959. At that time The Water-Sprite had been standing 
in the museum courtyard for ten years but was not yet showing any visible 
signs of corrosion. The patina was still evenly coloured, with no deviating 
patches or streaks. The colour is described as dark green-black, with a hint 
of blue. The colour specimen was selected from the NCS scale and denot
ed as specimen No.9005-R80B.

Published literature on Carl Frisendahl contains no particulars about 
colours of sculptures, except in just one instance, where the sculpture was 
silver plated.

To obtain further input data for deciding the appearance of the patina
tion, we visited the Sundsvall Museum. Frisendahl came from that part of 
Sweden (the province of Medelpad) and in 1967, following the death of 
his widow, all his surviving output passed to the Sundsvall Museum, which 
also has a large collection of press cuttings and letters. We went through 
this material without finding a single remark about the colour of 
Frisendahl’s sculptures. A newspaper review following the unveiling of The 
Water-Sprite in 1948, however, refers to its highly finished, carefully toned 
surface.

Frisendahl’s sculptures can tell us more about his personal conception of 
their appearance. The Sundsvall Museum has a large number of bronze 
sculptures on display and in store. Also in store are a large number of 
sketches and plaster of Paris models, several of them patinated. We found 
that most of these had the same colour scale, being very large and even in
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Fig 23. A plaster ofParis model painted with linseed oil paint in a manner and colour typical for 
Frisendahl.
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colour, predominantly dark green to jet black. There were a couple of 
exceptions: dark green bronzes with touches of red, probably iron oxide. 
All the bronzes were small and intended for indoor display. They had 
never been exposed to outdoor conditions with precipitation, temperature 
fluctuations etc., and so we may assume that their outward appearance is 
more or less what Frisendahl originally intended. The patinated plaster of 
Paris models, painted with linseed oil paint, undoubtedly retain their orig
inal colour. Their appearance tallies well with that of the bronzes. There 
are no other outdoor bronzes by Frisendahl with which comparisons can 
be made.

Our interviews, our searches of archives and our studies of Frisendahl’s 
output led us to conclude that The Water-Sprite was dark-patinated, even
ly coloured and probably dark green.

Thorough cleaning demands re-patination, which means deliberately 
imparting a certain appearance to the sculpture. This should be done in 
Frisendahl’s spirit. We do not claim to create a patina looking exactly as 
The Water-Sprite did in 1949, nor is it our intention to try to copy the 
original appearance of the sculpture, but its post-restoration appearance 
should convey a good idea of Frisendahl’s intentions.

Preparations
The sculpture was lifted down from its base and briefly displayed in the 
Central Office’s entrance hall at Storgatan 41, Stockholm, together with 
an information board inquiring about its original appearance. During this 
time, comprehensive documentation took place in the form of a detailed 
description of the corrosion picture, the removal for analysis of metal spec
imens from the various identified parts of the sculpture (four drill cores, 
see separate report), corrosion specimens for identification of corrosion 
products in patina of various appearances, and highly comprehensive pho
tographic documentation.

This work resulted in a remediation scheme, which formed the basis of 
a costing estimate. Inspection was carried out by Jan Gullman and Elin 
Törnquist from the section for metal conservation of the Central Board, 
Gunnel Jansson from the Photosection, Mille Törnblom of the Analytical 
section, and Gunnar Pettersson, art founder, who has had experience of 
casting several of Sweden’s best-known sculptures, as well as of renovating 
and restoring damaged bronzes.

The remediation scheme involved cleaning down to pure metal by 
blasting the sculpture with nutshells, patination to the agreed colour and 
waxing with beeswax. The costing estimate also included removal of drill
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cores for analysing cross-sections of metal with superimposed patina (see 
separate report).

The remediation scheme was presented within the working party for 
the air pollution projects in the Technical Department at a technical meet
ing (on 24th February 1989), and was approved by the Head of Depart
ment. Gunnar Pettersson Konstgjuteri AB costed the work in accordance 
with the remediation programme presented.

Restoration work
Following the preparatory documentation work and after the costing esti
mate had been approved, the sculpture was transferred to Gunnar 
Petterssons art foundry for treatment. In this connection it was decided 
that all stages of the work were to be recorded in writing and photograph
ically.

Joins
The sculpture was turned upside down, so that the join at the waist could 
be observed from the inside. Instantly this gave rise to the first problem. 

It was found that the join had not been made using the normal meth-

Fig 24. Detail of the interior ofNäcken (The Water Sprite) with the join at the waistline and its 
tapered bronze pins.
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od for joining together different parts of a sculpture. The usual practice is 
for the different sections to be designed so that they can be slotted into 
each other and then fixed in position by means of tapped bronze bolts 
passing through them. Each bolt is then cut off at the outer surface and 
chased so as to make it invisible. In the present instance, internal flanges 
had been made instead. These had been fixed in position by driving 
tapered forged bronze pins into holes drilled through the flanges. Only the 
occasional pin extended to the outer surface of the sculpture where it was 
visible.

The disadvantage of using hammered-in pins instead of chased bolts is 
that pins can slip out relatively easily. If, moreover, the pins are forged and 
are surrounded by an unworked, relatively softer material, there is a risk of 
the material of the sculpture eventually creeping, causing the pins to work 
loose. This had already started to happen. The joins had begun to come 
open. This was a complication which had not been foreseen in the origi
nal plans, and so at this stage of things there were two paths to choose 
from.

1. Not doing anything at all.
2. Reinforcing the joins.

If the joins were to be reinforced, there was basically only one way of doing 
this without extensive interference with the sculpture, namely welding 
them. We decided that this would have to be done, because the joins were 
so weak that it was not even certain that the sculpture would stand up to 
the handling operations involved by the return journey and reinstatement 
on its base. Another advantage of welding was that the original joins 
would not have to be altered. After the joins had been documented from 
inside, work began on drilling three test cores.

Cleaning

Cleaning began with careful, gradual blasting with nutshells to expose dif
ferent layers of the patina. No distinct stratification could be revealed by 
this method, except that the patina closest to the surface of the metal 
seemed to consist of a thin, adhesive red layer, probably Q12O.

Cleaning by means of nutshell blasting proved to be impossible. The 
patina was so firmly lodged that it could not be removed. Since a clean 
metallic surface was the objective, it was decided to sand blast the sculp
ture. After welding had been completed, the sculpture was blasted clean
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almost down to the pure metal, with insignificant residues of corrosion 
products remaining at certain points.

Welding
After the sculpture had been blasted clean at the joins, the latter were 
welded together. A single-V groove was made in the join with an angle 
grinder and a braze-weld inserted in this groove with bronze solder. The 
bronze solder is designated BL66, CUSn6, DIN 1733 and comprises 6.1- 
6.6% Sn and 0.20-0.27% P.

After welding the weld was hammered together and punch and then 
chased.

In connection with this work, new mountings for bolts to secure the 
statue to the stone base were welded onto the foot plate. New flat “irons” 
of bronze were welded inside the old ones and holes for M12 stainless 
bolts were drilled and tapped.

Patination
The patination was done by Gunnar Pettersson. As a prototype we had 
borrowed two sculptures from the Sundsvall Museum: Paquerette (SuM 
1070), a bronze from 1909 superbly exemplifying the nuances of 
Frisendahl’s sculptures, and a patinated plaster of Paris head representing 
the actress and sculptress Märta Pettersson (SuM 1177), from 1933, 
which was taken to represent the shade of colour which, we had observed, 
Frisendahl usually aimed for.

The patination was done in two stages. First the sculpture was primed 
with ammonium sulphide, which gave it a black surface. This sulphide 
layer was the underlay for the next patination, which was done by brush
ing on a patination liquid consisting of zinc oxide suspended in copper 
sulphate solution.

Several coats of the patination dispersion were applied, each being 
allowed to dry individually.

The result, to the uninitiated, was a good deal lighter than the end 
result intended. Another striking fact was the loose adhesion of the pati
na, resembling more than anything else a powder which could easily be 
smoothed out or even removed with a rag, brush or one hand.
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Fig 25. Näcken (The Water Spritej during the patination work.

Surface treatment/protection
Finally, beeswax was applied, to fix the patina and to protect the surface 
from the outdoor environment. The wax was dissolved in balsam turpen
tine to a sprayable viscosity. The sculpture was sprayed twice with this 
solution and given a final polish with soft cloths. This treatment gave the 
dark green colour that was wanted.
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Fig 26. The final result. The sculpture is waxed with beeswax.

End result
Before the sculpture, now fully restored, was returned to the Central 
Office, we were able to put it on display at the Älvsjö Antiques Fair 
between 7th and 10th April 1989, thanks to Gunnar Petterssons involve
ment in the craft guild organisation Skråhantverkarna. The Water-Sprite 
was put on display on their stand, with a screen describing the Bronze
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Sculpture Project, co-operation between the Central Office and Gunnar 
Pettersson, and Gunnar Petterssons art foundry.

After the exhibition the sculpture was again displayed in the Central 
Office entrance for a time.

The final reinstatement in the Rose Garden of the National History 
Museum took place on 1 1th May 1989. New holes, 20 mm in diameter, 
had been drilled in the base. The stainless M12 bolts are 145 mm long, 
with sawn-off heads.
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Appendix 1.2
Corrosion status “The Water 
Sprite”, autumn 1988

General
The statue of The Water-Sprite has stood on a stone base in the Rose Gar
den of the National History Museum, Stockholm, for 40 years. Four iron 
bolts, screwed into the statue, had been let down into the stone base as 
internal supports, to counteract displacement of the statue on its founda
tion. These bolts were found to have rusted through completely (Fig. 27).

Fig 27. Remains of iron bolt holding the statue in position on its foundation.
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The corrosion of the statue itself was characterised by complete degra
dation of the patination on all surfaces, except under the violin. The stat
ue bronze corroded on the surfaces which were no longer protected by the 
patination. The result and appearance of the statue is documented in the 
report Ta88-054. The statue was dark, virtually black, with patches of 
green. Most of those patches occupied upward-facing, near-horizontal sur
faces and surfaces which, owing to the design of the statue, were mainly 
exposed to running water. Surfaces partly sheltered from rain and near-ver
tical surfaces were consistently very dark except where they had been 
stained green by rivulets of water (Figs. 21 and 22). The outdoor sur
roundings in which the statue has stood are fairly typical of the urban 
atmosphere existing in central Stockholm from the 1940s until the end of 
the 1980s. Accordingly, the statue was exposed to growing concentrations 
of atmospheric sulphur dioxide until about 1970, after which the atmos
pheric concentration fell to the present-day levels. Atmospheric content of 
nitrogen oxides underwent a similar increase with the passing of time, but, 
unlike sulphur dioxide, has not diminished in the past two decades.

It should be mentioned that, with the passing years, the statue has been 
increasingly overshadowed by a growing tree, an acacia, with some branch
es projecting over the statue and liable to drip water onto it (fig 13).

Corrosion questions
Corrosion of bronze statues and the impact of modern air pollution have 
attracted a great deal of attention in recent years. In studying corrosion 
attacks on The Water-Sprite, therefore, we concentrated on the following 
points of inquiry: are there any deep corrosion attacks? Is there any rela
tion between property differences, e.g. regarding alloy composition or 
degree of cold working, and the gravity of the corrosion attack?
- What do the corrosion products consist of?
- Why has the surface turned different colours in different parts of the 

object?
- Can one estimate the depth of the corrosion attacks?

Samples were taken in order to find answers to these and other questions.
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Sampling and analysis
Samples were taken from various points on the sculpture. Three types of 
sample material were collected. “Scraped specimens” were taken in the 
form of patina scrapings from the surface, for corrosion product analysis. 
Drill cores for metallographic sample processing and microscopic studies 
were extracted with a hole saw. Metal chips were drilled out for chemical 
analysis.

Scrape samples were taken from the following points:
1. The right side of the chin: green corrosion products with touches of 

black.
2. The left shoulder, had a flaw in the casting: black corrosion products 

with a touch of green. Beneath this could be seen a thin layer of red
dish-brown oxide.

3. The underside of the violin: very dark patina. Firmly adhering and dif
ficult to scrape.

4. The upper side of the violin: green corrosion products. No reddish 
brown oxide layer was observed underneath the green patina.

During sampling the impression was gained that the green corrosion prod
ucts were comparatively easy to scrape away and porous, while the black 
ones were thinner, denser and adhered more strongly, added to which they 
had a brown layer of oxide between themselves and the metal.

Metal samples in chip form were taken from the four different sections 
in which The Water-Sprite had been cast. Holes were drilled at the follow
ing points:
1. In the stump.
2. In the hair.
3. Under the violin, to the right.
4. Under the violin, to the left.

Drill cores were taken from the following points:
1. On the outside of the right thigh, dark surface with streaking.
2. The right knee, in the boundary zone between a cold-worked mend 

and the surrounding non-cold-worked area.
3. Under the violin, in the boundary zone between a dark area and a green 

streak.

The scrapes were analysed with a Guinier-Hägg camera with subsequent 
film scanning in an LS 18 film scanner. Chips were dissolved and ICP ana
lysed. The metallographic grinding sections were studied both in an opti
cal microscope and with scanning electron microscopy, and were also EDS 
analysed.
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Results
Phase analysis of patina
Phase analysis revealed that three of the four samples consisted of copper 
oxide and brochantite. In one of them a small quantity of alpha quartz was 
also found. The specimen taken from under the violin, on the other hand, 
was found to consist of antlerite. From that specimen was also obtained a 
diffraction line with d=10.8 Å, which can be presumed to emanate from 
basic zinc sulphate. Diffraction data with interpretations will be found in 
tables 1—4.

Optical microscopy of patina in ground sections
The patina layers consisting of copper oxide and brochantite presented a 
red phase nearest the surface of the metal and varying amounts of green 
phase on the outside. Layer thicknesses vary considerably. The layers were 
thinnest on pale surfaces. The thickness of these varied between 15 and 80 
pm. Dark surfaces were found to have a patina thickness of about 60 pm. 
A typical example is shown in Fig. 28.

The patina beneath the violin proved to be a good deal thicker, about 
120 pm, and of more consistent thickness. It also consisted of a fairly even, 
green phase.

Fig 28. Metallographie cross section from a green streak on the right thigh.
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Metallographie structures
Metallographie grinding sections presented normal casting structures for 
statue bronze (Figs. 29 and 30). No information was gathered which was 
material to the interpretation of the corrosion picture.

Fig 29. Metallographie cross section of the metal in the right thigh, showing a cast structure. 
Magn. 73x.

Fig 30. Metallographie cross section of the metal in a chased area on the right knee. Magn. 73x..
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EDX analyses of patina layers
Patina layers containing copper oxide and brochantite were found (Figs. 
31 and 32), not surprisingly, to contain more sulphur in their outer parts. 
They contained appreciably less zinc than the parent metal. Another 
remarkable observation is that the tin content, which was conspicuous in 
the inner parts, declined heavily at a certain distance from the surface of 
the metal. The distribution of tin, sulphur and zinc, however, was such 
that one is reluctant to hazard a more categoric interpretation of the caus
es.

Fig 31. EDX-analysis of a cross section of dark patina on the right thigh, showing areas with rela
tive enrichment of tin (Sn), zink (Zn) and sulphur (S). Cf fig 5

The patina under the violin showed less variety of composition in rela
tion to distance from the surface of the metal. Nor did it contain any not
able amounts of tin, but on the other hand it did contain zinc, which was 
also identified in small local agglomerations.

The green streak under the violin, on the other hand, presented a zone 
of elevated tin content together with sulphur immediately next to the sur
face of the metal.
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Fig 32. EDX-analysis of a cross section of a green streak on the right thigh showing areas with 
relative enrichment of tin (Sn), zink (Zn) and sulphur (S). Cf fig 5.

Discussion
In the corrosive condition by which The Water-Sprite was affected, it is 
above all copper oxides and basic copper sulphates which can be expected 
to occur as solid corrosion products. And indeed, the samples taken from 
all points except under the violin consist of copper oxide and brochantite. 
As is well known from other cases of corrosion in copper alloys, copper 
oxide forms next to the surface of the metal, as a result of copper being 
oxidated one step. Further out from the surface of the metal, where the 
copper has been two-steps oxidated, brochantite has been precipitated. In 
streaks, thicker brochantite layers have been formed in connection with 
the evaporation of solutions containing copper (II) ions and sulphate ions.

Under the prevailing corrosive conditions, zinc included in the alloy 
evidently does not readily form any solid corrosion products but has for 
the most part been flushed away by the rain.

Tin, on the other hand, forms tin dioxide as a corrosion product. This 
is probably hydrated and amorphous, and so it cannot be detected by 
means of X-ray diffraction. Electrochemical equilibrium calculations show
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that tin dioxide is formed as a stable corrosion product even at lower redox 
potentials than corresponds to the lower limit for copper corrosion to be 
possible (the immunity range of copper). Tin dioxide has a very low solu
bility in water, and so, when bronze corrodes, the tin is bound to be direct
ly oxidised four steps and then to be precipitated as a hydrogel. It is known 
from the literature that archaeological bronze objects can be thoroughly 
corroded but still retain their original shape because they consist for the 
most part of tin dioxide. Presumably, therefore, the volume of the corro
sion products containing tin does not vary appreciably over time. In this 
case the tin front in the corrosion products would correspond to the situ
ation on the original surface of the bronze. This in turn means that the 
depth of corrosion could be measured in it. In the event, however, consis
tent interpretation of the results in these terms proved difficult.

The patina under the violin is probably not a corrosion product but a 
residue of the original patination which, because of its sheltered position, 
escaped degradation.

When re-patinating The Water-Sprite, the art founder decided, in order 
to bring out the statue’s previous shade of dark green, to use a method 
whereby zinc oxide is mixed into a copper sulphate solution. This leads to 
the formation of antlerite and basic zinc sulphate. This patination was 
consolidated and fixed during repatination with beeswax. The first patina
tion of The Water-Sprite was probably done in a similar manner.

It should be noted that some mapping images where tin is lacking in 
patina layers can be taken to imply that there were parts of the surface 
which were covered by degraded patination beneath which no palpable 
corrosion attack had taken place.

The brochantite identified by X-ray diffraction can have two different 
origins, one from the corrosion of bronze and one as a result of the origi
nal patina layer being broken down.
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Appendix 1.3
Phase analysis of patina from 
“The Water Sprite”

Sampling
Four scrape samples were taken by scraping off patina with a scalpel. The 
samples are numbered 1-4. Their locations on the statue are shown in the 
illustration.

Experimental
The specimens were analysed with a Guinier-Hägg camera, using CuKal 
radiation. The exposed films were scanned with an LS-18 film scanner, 
using programs written by N-O. Ersson, Uppsala University. In the inter
pretation, cell parameters were refined using program XREF, written by 
Anders G. Nord.

Results and discussion
Specimens 1, 2 and 4 present much the same pattern of diffraction. In the 
case of samples 1 and 4 this can be entirely attributed to diffraction from 
brochantite and copper oxide. Specimen 2 generates three faint lines 
which cannot be explained on the basis of these two compounds. A com
puter-based search of JCPDF showed that the two lines with the highest 
d-values might possibly emanate from NagfCC^^SC^ or 
Fe^fSC^^OH. These lines, however, are likelier to have a different ori
gin. The likeliest is judged to be that the first, with d=3.343 Å comes from 
alpha quartz, the strongest line of which has a d-value of 3.342 Å. The
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other line has a d-value in the zone in which the strongest line of feldspars 
occurs. The third line can be interpreted as the strongest line from statue 
bronze.

Samples 1, 2 and 4, then, present the same phases in the patina. The 
strongest line on the three films is the same and emanates from the line 
(111) for copper oxide. If the intensity of this line is taken to be (100), the 
intensities of the strongest brochantite line (122) on the three films come 
to 85, 68 and 71 respectively. Thus the three specimens have practically 
the same phase compositions.

Sample 3, taken from under the violin on the statue in a position shel
tered from rain, presents a completely different pattern of diffraction. All 
lines but two can be explained with the diffraction pattern of antlerite. Of 
the other two, one can be explained as the strongest line of copper oxide. 
The remaining line, which has the high d-value of 10.8 Å and a relative 
intensity of 26, if the intensity of the strongest line on the film (antlerite 
(042) ) is put at 100, deserves closer attention. It has a fairly high inten
sity, a high d-value, and seems impossible to pair with any other line.

There are a large number of basic salts of divalent metallic ions. Most of 
these have been studied crystallographically. In one group of hydrates of 
basic zinc sulphate, a dominant diffraction line appears with d-values 
between about 9.2 and 10.9 Å, depending on the content of water of crys
tallisation. This line occurs through diffraction from the base plane in a 
pseudo-hexagonal stacking of layers. The layers are interspersed with 
hydration water. These compounds occur in corrosion products of zinc 
which have been studied at the Swedish Corrosion Institute and the Royal 
Institute of Technology in recent years. The observed line of d=10.8 Å in 
sample 3 can be derived from basic zinc sulphate hydrate, which probably 
also contains copper. This hypothesis is corroborated by the fact that the 
patination chosen by Mr Pettersson when he was told what The Water- 
Sprite originally looked like provides opportunities for the formation of 
such compounds.

Conclusions
Freely exposed surfaces presented a patina which, irrespective of colour, 
proved to contain roughly the same proportions of copper oxide and bro
chantite.

The surface sheltered from rain, beneath the violin, had a patina con
sisting of antlerite and, probably, cupriferous basic zinc sulphate hydrate.

It is judged likely that the patina under the violin at the time of sam
pling corresponded on the whole to the patina form in the original pati
nation.
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Diffraction data, The Water-Sprite 
Sample 1

Brochantite Copper oxide

d Å Int h k 1

6.37853 212 2 0 0
5.35357 338 2 1 0
4.92900 91 0 2 0
3.89904 474 2 2 0
3.90676 468 3 1 0
3.19526 199 4 0 0
2.91555 106 2 3 0
2.67957 385 4 2 0
2.59817 133 3 3 0
2.51671
2.46593

845
1000

1 2 2

2.38025 135 3 1 2
2.26852 167 5 2 0
2.18284 185 1 3 2
2.13577 427 4 1 2
2.09769 204 2 3 2
2.08297 118 6 1 0
1.96674 98 6 1 1
1.94985 81 4 4 0
1.91243 78 2 0 3
1.82084 182 4 3 2
1.79518 37 2 5 1
1.73860 340 3 4 2
1.71697 73 7 1 1
1.71203 70 6 3 1
1.67224 114 4 1 3
1.59513 153 8 0 0
1.53651 191 2 6 1
1.51810 98 8 2 0
1.50725 6 4 3 3
1.46349 72 4 5 2
1.39790 94 1 7 0
1.31168
1.28769
1.22948

97
374
52

4 6 2
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Sample 2
Brochantite Copper oxide

d Ä Int h k 1 h k 1
6.38678 145 2 0 0
5.36079 447 2 1 0
3.89641 464 2 2 0
3.34341 100 a-Si02
3.19352 223 4 0 0
2.91306 104 2 3 0
2.67972 297 4 2 0
2.59984 88 feldspar?
2.51655 679 1 2 2
2.46644 1000 1 1 1
2.38126 80 3 1 2
2.26736 80 5 2 0
2.11625 100 bronze
2.09750 251 2 3 2
2.07650 65 6 1 0
1.96613 90 6 1 1
1.95013 75 4 4 0
1.81972 64 4 3 2
1.73711 240 3 4 2
1.71395 64 6 3 1
1.55882 122 5 5 0
1.53749 101 2 6 1
1.50789 360 2 2 0
1.28728 388 2 2 2
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Sample 3
Antlerite Copper oxide

d Ä Int h
10.80966 257
6.01134 239 0
5.40130 458 0
4.86041 747 1
3.79347 141 1
3.60554 651 1
3.40692 354 2
3.34091 172 0
3.09761 149 1
2.69767 177 0
2.68419 747 3
2.56688 971 1
2.50382 223 3
2.46655 150
2.43007 162 2
2.25976 343 2
2.13150 1000 0
2.06544 267 4
2.03565 219 4
1.94844 175 1
1.83504 183 4
1.81488 267 3
1.68863 144 4
1.56912 246 4
1.55332 263 3
1.51071 344 0
1.50287 207 0
1.48282 386 4
1.43863 153 5
1.31656 355 3
1.27953 128 2

basic Zn sulphate?
0
1
0
1
0
0
1
1
2
0
2
0

1 1 1
2
2
2
0
0
0
o
2
2
0
2
4
0
2
2
4
4

k

2
1
2
2
3
2
3
3
2
1
2
2

0
2
4
0
1
6
3
3
1
5
5
0
8
4
1
1
4
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Sample 4
Brochantite

d Ä Int h k
6.38954 151 2 0
5.35750 381 2 1
3.90072 505 2 2
3.19819 208 4 0
2.91609 88 2 3
2.67935 428 4 2
2.59524 57 3 3
2.51765 705 1 2
2.46557 1000
2.26523 124 5 2
2.18539 183 1 3
2.13698 536 4 1
2.09876 683 2 3
1.82014 261 4 3
1.73904 257 3 4
1.71514 93 7 1
1.59425 118 7 3
1.55961 186 5 5
1.53627 199 2 6
1.51784 101 8 2
1.51002 517
1.31266 124 4 6
1.28797 567

Copper oxide

1 h k 1 
0
0
0
0
0
0
0
2

1 1 1
0
2
2
2
2
2
1 
0 
0 
1 
0

2 2 0
2

3 1 1
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Appendix 2.
Restoration of the sculpture 
“The Grandfather”

This bronze sculpture by Per Hasselberg, cast posthumously at the turn of 
the century, has been restored as part of the project “Measures to counter
act the impact of air pollution on bronze sculptures in the outdoor envi
ronment". That sculpture was selected on account of its special suitability 
for one of the restoration methods of interest for the purposes of the pro
ject (fig 33).

Object
Sculpture: THE GRANDFATHER, bronze, cast and erected in 1896. 
Location: in the southern part of Humlegården, Stockholm, Uppland. 
Artist: Per Hasselberg (1850-94)
Bibliography: Wingren, B., Konst på stan, Stockholm 1986.
Kjellin, H., Christian Eriksson, SAK LXII, Stockholm 1953.
Hvad Nytt, 1896
Dagens Nyheter, På Stan, 22nd June 1990
Svenska Dagbladet, 20th June 1990
Söderberg Hjalmar, Vox Populi, in Historiener, 1897.

The Sculpture
Per Hasselberg modelled The Grandfather in plaster of Paris in 1886. It 
depicts an old man seated with his little grandson asleep in his lap.

After Hasselberg’s death, friends raised money to have the sculpture cast
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Fig 33. Farfadern (The Grandfather), 1896.

in bronze. These friends included Prince Eugen, Hjalmar Lundbom, Fer
dinand Boberg and, not least, Christian Eriksson, who supervised the cast
ing.

The casting was done at Gruet Jne Fondeur in Paris. In 1896 the sculp
ture was put up in Humlegården, to the west of the Royal Library, near 
Engelbrektsgatan, where it remained until the 1970s, when it was trans
ferred to its present position closer to the end wall of the library.

Until just over ten years ago, the statue stood close to a busy street. It is 
now about 70 metres away from the nearest vehicular traffic. Since it was 
put up it has been more or less shaded by trees, and in more recent years 
it has been effectively sheltered by the dense foliage of chestnut and maple 
trees.

State
The sculpture is cast in several sections. Joins are noticeable on the man’s 
waist, near the drapes, and on both upper arms.
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When the sculpture was turned upside down, the following observa
tions were made.

The join round the waist was held together with tapered pins of forged 
iron, assembly pins, driven into holes drilled in bronze (fig 34). All the 
pins were rusty, but most of them, all but three, were in relatively good 
condition and were judged to be adequately serviceable. Three pins at the 
back, however, were heavily corroded, and that in the middle had rusted 
away completely. These corrosion attacks could be related to the design of 
the drapes on the man’s back, which form a pocket with neither gutter or 
drainage. The join between the two cast halves was located at the base of 
this pocket. The water had seeped into this join, causing heavy attacks on 
the assembly pins. These rust attacks caused the join to open slightly.

Fig 34. The interior of the statue with rusty iron pins to hold the join at the waistline together.

Otherwise the internal inspection yielded little of note. A sample of 
metal was taken on the inside of the lower part of the sculpture by break
ing off a burr.

The surface of the sculpture is chased. No traces of artificial patination 
have been identified. Moreover, there are no records of what the sculpture 
looked like when it was first erected, and we know nothing about its orig
inal patination/colour.

At the time of inspection, the sculpture was covered in a greyish-green 
patina, which to a great extent was of uniform appearance (fig 35).
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Fig 35- The statue before measures.

Streaking occurs on the man’s back, brow and left lower leg, and on the 
child’s left lower leg as well. The colour and extent of these streaks are not 
disturbing in an aesthetic sense.

On certain surfaces, mostly dark, horizontal ones, there are small green
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patches hollowed into the dark surface layer. These are probably due to 
pitting, but of little extent.

Above the man’s right collarbone, a small lump of a hard, putty-like 
compound have been pressed into the statue.

Grey, brittle paint had been sprayed on the right cheekbone and above 
the right eye. Over the left eye and cheekbone there was a layer of black, 
viscous paint.

The man’s left knee and the footplate had been daubed with silver paint.
The sculpture had not been secured to the base in any way. There was 

a thin strip of lead between the base and the footplate. In the middle of 
the base there were two large depressions in the top in which water can 
accumulate.

Purpose of the work
In addition to conserving/restoring the sculpture, the work had certain 
other purposes.

These were
— testing cleaning methodology for the removal of silicon wax,
- testing the adjustment of existing patina,
- testing a method for the care of sculpture in good technical and aes

thetic condition,
— testing a working method for dealing with the delicate issues of eth

ics/ aesthetics/technology.

Restoration method
As the sculpture was in good condition technically, i.e. there were no cor
rosion attacks occasioning any special measures, the removal of dirt, graf
fiti and old surface treatment was all that was considered necessary before 
renewing the surface treatment.

The join which had parted at the back, at waist level, had to be dealt 
with. Since, however, the existing patina was considered to have such qual
ities that it ought to be retained, with minor adjustments, we looked for a 
method of mending the join without doing anything to damage the exist
ing patina. Welding is impossible without considerable destruction of the 
patina in a large area surrounding the weld. Besides, the entire join would 
have had to be welded, all round the sculpture.

Since the join had not been weakened in such a way as to affect the 
sculptures survival prospects, it was decided that welding was not neces
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sary. The only important thing was to prevent water from seeping in, and 
so it was decided to “caulk” the join with lead — that is, fill it by driving in 
lead in the cold state. Caulking of this kind does not require any further 
measures of an aesthetic nature.

After cleaning and caulking, the surface of the sculpture was treated by 
a patinator.

Ethics and aesthetics
Before work began on this sculpture and the other three included in the 
programme, it was decided to set up a working party for the assessment of 
ethical and aesthetical questions. The members were to be persons compe
tent in foundry technology, conservation techniques, art history, art and 
corrosion technology. The working party is always to include a represen
tative of the owner.

All proposals for remediation were framed after consultations in the 
working party between project leaders of the Central Board of National 
Antiquities and were finally approved by the owner.

Work on this sculpture involved the sculpture restoration working party 
presented in Section 5.5.

The remediation programme was drawn up by Jan Cullman and Mille 
Törnblom and, for sculptures belonging to the City of Stockholm, was 
finally approved by Bo Wingren of the Stockholm City Museum.

As regards the appearance of THE GRANDFATHER, the crucial ques
tion was whether, from an aesthetic point of view, the sculpture should be 
altered or whether the existing patina was satisfactory. The general opin
ion was that THE GRANDFATHER had developed in a manner which 
did justice to its form and expression, and so the cleaning problem would 
have to be tackled with care. As the inspection had shown that no exten
sive interference was justified from the viewpoint of corrosion proofing, an 
attempt had to be made to clean the sculpture in such a way that the exist
ing patina would not be damaged, or, if this could not be achieved, so as 
to minimise the damage and carry out patina restoration in such a way 
that the external appearance of the sculpture would not be appreciably 
changed.

The working party agreed on the extent and thrust of the work, which 
were formulated in a written remediation programme.

The working party also discussed who ought appropriately to be 
entrusted with the work. It was agreed that a patinator should be suitable 
for the purpose, and it was suggested that Karin Wassberg be approached. 
Gunnar Pettersson undertook to get in touch with Karin Wassberg, and
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the two of them have worked together on the restoration of THE 
GRANDFATHER.

Since there were no plans for any extensive interference with the exteri
or of the sculpture, the unavailability of particulars concerning the appear
ance of the sculpture when it was erected in 1896 was of minor impor
tance. It must also be remembered that the artist died two years before the 
statue was cast. The external appearance of this sculpture was probably 
influenced mainly by Christian Eriksson, who was in charge of the casting 
operation.

Preparations
The sculpture was lifted down from its base and taken to Gunnar 
Petterssons art foundries, where it was inspected inside and out. This too 
is where the working party’s inspections and discussions took place. As has 
already been described, those inspections formed the basis of the remedi
ation programme.

Careful photographic documentation of the sculpture was prepared 
before any action was taken. The photographic documentation was fol
lowed up in several rounds of documentation on suitable occasions as 
work proceeded. All stages of work on the sculpture, except its arrival at 
the foundry, were also video-recorded.

Samples for analysis were only taken from the metal on the inside of the 
lower part of the sculpture. No corrosion/patina samples were taken. 

Samples also exist in the form of rusty iron wires from core supports.

Samples
FI Piece of metal and rod broken off from the inside at the bottom, 

against the back.
F2 Corroded iron pin from the join at the waist.
F3 Specimen of putty-like compound near right collarbone.
F4 Paint sample scraped from the right cheek.
F5 Black sample scraped from the left eye.
F6 Iron core support.
F7 Iron core support 
F8 Lead seal from base.

After the working party had made its decision, Karin Wassberg was con
tacted and, together with Gunnar Pettersson, prepared a costing estimate 
for all the restoration work.
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Restoration work
Cleaning
Several alternative cleaning agents were tried, because it was uncertain 
which one was most suitable.

Graffiti removal spray - chemically pure benzine, acetone and thinner 
- proved useless for cleaning.

White spirit, a paint remover (active ingredient: methylene chloride), a 
mild washing-up liquid and brushing with a brass wire brush proved to be 
practical cleaning methods. These methods were also used for removing 
grime and old surface treatment.

Most of the grey and black paint was carefully scraped away with a scal
pel, without damaging the patina underneath.

Patination
Before the new surface treatment took place, it was decided to carry out a 
minor repair to the patina of the man’s face and beard. There were very 
conspicuous vertical pale green streaks in the man’s brow. These were 
equalised somewhat, by means of careful patination, so that they would 
not appear as a disruptive relief in the brow.

The man’s beard was distinctly black compared with the rest of the 
sculpture, and so the beard was patinated slightly greener so as to alleviate 
the deep shadow which is otherwise cast under the old man’s chin.

The patination was done by locally brushing the brow and beard with 
copper nitrate solution at a suitable temperature.

Surface treatment/protection
The final treatment comprised waxing with beeswax dissolved in French 
turpentine. This work was done with the workpieces at “hand heat”, i.e. 
just over body temperature (fig 36).

All the restoration measures undertaken come within the scope of tra
ditional bronze sculpture maintenance as it is performed and for centuries 
has been performed by professionals such as art founders and patinators.
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Fig 36. The Grandfather after restauration.
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End result
This work yielded a variety of lessons.
1. A sculpture in good condition can very well be treated with simple 

cleaning and surface treatment, using a suitable surface coating.
2. The work input has to be assessed by skilled professionals.
3. Modifications such as adjusting the patina have to be carried out by a 

professional patinator.
4. A working party for assessing the advisability of different measures 

from various viewpoints is an excellent means of dealing, above all, 
with the ethical and aesthetic questions.

All work on the sculpture was done in Gunnar Petterssons art foundry. 
Planning, co-ordination, documentation and reporting were carried out 
by Jan Gullman and Mille Törnblom.

All cleaning, patination and surface treatment work was done by Karin 
Wassberg in consultation with Gunnar Pettersson.

All other practical measures and the handling of the sculpture were car
ried out by Gunnar Pettersson.

Photography was managed by Ulf Bruxe of the RIK Photography Unit. 
Video recording was done by Mille Törnblom and Jan Gullman.
Heavy handling and transport operations were carried out by BinSell 

Tunghantering.
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Appendix 3.1
Restoration of the sculpture 
“Youth with turtle”

This sculpture was selected for restoration mainly on account of its out
standingly developed patina, with pitting and an enigmatic pattern of 
cracking.

Object
Sculpture: YOUTH WITH TURTLE, bronze, cast and erected in 1884, 
h. 170 cm, weight 150 kg.
Location: the grounds of Nationalmuseum in Blasieholmen, Stockholm. 
Artist: John Börjeson (1835-1910).
Foundry: Gruet Jne Fondeur, Paris
Bibliography: Wingren, B., Konst på stan, Stockholm 1986.
Nordisk Familjebok, Stockholm 1925.

The sculpture
The sculpture depicts a nude young man who stands leaning against a 
broken column, at the base of which a turtle is trying to climb up. The 
youth is inclining his head to look at the turtle (fig 37).

Börjeson lived in Rome between 1867 and 1876 and then in Paris until 
1879. The Youth belongs to his output while living abroad, although it 
was not cast and erected until several years after he returned home to Swe
den.

The sculpture was erected outside Nationalmuseum in 1884. At that 
time there was a great deal of steamboat traffic to and from the Blasiehol-
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Fig 37. Youth with Turtle before measures.
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men quayside, and this continued until after the turn of the century. Until 
the 1960s these boats were mainly coal-fired. Today there is little traffic in 
the surroundings and the remaining boats are no longer steam-powered.

Today the sculpture stands partly next to bushes and is overshadowed 
by trees.

State
The sculpture is cast in four sections. One section comprises half the foot
plate and the lower part of the youth up to the hips. A second section 
comprises the other half of the footplate and two-thirds of the column. 
The third section is the upper third of the column and the youth’s left 
lower arm and right arm except for the hand. The fourth section, finally, 
consists of the upper part of the body with the head, left upper arm and 
right hand. There are joins in the footplate, in the upper part of the col
umn, in the young man’s waist and in his arms, several of these joins were 
partly open and already testified at an early stage to internal damage.

After the sculpture had been taken inside and could be examined inter
nally, it was found that all the joins which could be examined had been 
secured with iron pins or bolts. The footplate had been cast with a flange

Fig 38. Corroded bolts and pins of iron securing the joins inside the statue.
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in each half, and the two flanges pulled together with an iron bolt. These 
bolts were very badly corroded in places, especially those next to the stone 
base.

At the young man’s waist the casting had been partly unsuccessful next 
to the join with the upper part of the body, and so a mend had had to be 
inserted. This mend had partly come open. In addition it was soldered 
with tin, probably when the repair was first carried out. Tin solder was also 
present in the join on the footplate. The presence of tin solder from the 
manufacturing process testifies that the sculpture was originally patinated, 
dark or green, otherwise tin soldering would have been visible.

Although the iron in the joins had rusted heavily and the joins had 
come open at certain points, the iron showed strikingly little corrosion, 
except at the very bottom, where moisture from the stone base had prob
ably reached the bolts as a result of capillary suction. Otherwise the joins 
held together, although certain reinforcements were necessary in one or 
two places (fig 38).

Metal samples were taken from the inside of the footplate and also from 
inside the head and the inside of the column base, at the same time as drill 
cores were extracted.

It is not known what the sculpture looked like when it was first put up.
At the time of restoration the patina was mottled over the greater part 

of the surface. Those parts of the surface which had been exposed to direct 
precipitation had a dense black patina with green patches of varying 
extent. The green patches had a powder-like appearance. In vertical parts 
there were streaks, most pronounced in the face, on the breast, stomach 
and legs and on the upper arms. Patchiness was most noticeable on the 
head, shoulders and back, the left calf and the inside of the left thigh, and 
also on the column. Those parts of the statue which were protected from 
directly falling water, such as the upper part of the column and inside the 
left ear, were a dull black. The surface of the green zones was appreciably 
lower than that of the black ones. This was especially noticeable in the 
hair, on the shoulders and on the column. The difference in level between 
the metallic surfaces under the black patina and in the green pits was up 
to 0.5 mm.

Areas sheltered from rain were dark and had no elements of green except 
where runoff water had left green traces of runnels.

In the stone base on which the sculpture stands there were three guid
ing bars attached. Two small bars, originally secured in the stone base with 
wooden wedges, and a thick square-sectioned bar, 80x80 mm, extending 
up in the column to two-thirds of its height, i.e. to the join. The two 
smaller iron rods had rusted away completely.

The space between the edge of the footplate and the stone base was
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sealed with a putty-like compound.
Samples for analysing corrosion products and the structure of patina 

layers were taken as follows.
Three drill cores with a centre hole were extracted, two from the hair 

and one from the column base. When the damage to the hip was found 
to be so extensive that the join would have to be welded, three drill cores 
without a centre hole were taken near the join. The main purpose of this 
sampling, in addition to phase analysis of the corrosion products, was if 
possible to ascertain the cause of the pitting and the character of the black 
layer.

Purpose of the work
In addition to conserving/restoring the sculpture, the work had certain 
other purposes.
These were
— improved knowledge of the patina structure. Knowledge of possible 

connections between corrosion attacks and microstructure in the metal 
and its alloying composition. Knowledge of the appearance of the 
metallic surface under black and green zones where relief can be 
observed and where streaks are visible,

— the opportunity of partially cleaning a heavily corroded surface, to pro
vide an underlay for supplementary patination,

— experience of another method of treatment and an object for following 
up care requirements.

The cleaning method originally intended for this object had to be dis
pensed with, because the damage round the joins was so extensive that rel
atively extensive interference would be necessary in the form of clear blast
ing and welding. Chemicals are less suitable, because residues would be 
very liable to accumulate in the large cracks in the material.

Restoration method
It was decided to use careful blasting with nutshells. Open joins were to 
be blasted clean and welded. Finally the sculpture was to be patinated so 
as to give it the appearance which had been recommended by the working 
party for its restoration and approved by its owner.
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Ethics and aesthetics
All questions concerning both practical work and aesthetic values were dis
cussed by the restoration working party. Remediation proposals were 
drawn up by Jan Gullman and Mille Törnblom after consulting members 
of the working party, and were approved by the owner, Nationalmuseum.

Needless to say, discussions and decision-making concerning the execu
tion and final appearance of the patination were greatly influenced by the 
patinator, Karin Wassberg. Since it is not known how the sculpture was 
patinated originally, determination of the end result was instead guided by 
knowledge of sculpture at the time of the statue being cast and of the 
sculpture’s present-day surroundings. As patination proceeded, the work
ing party had meetings with the patinator in front of the sculpture to study 
and comment on the work and the appearance of the patina.

The final appearance of the sculpture reflects the unanimous opinion of 
the working party and the skill of the patinator.

Preparations
The sculpture was lifted off its base and taken to Gunnar Petterssons art 
foundry in Västberga. It was carefully inspected inside and out, and this 
inspection formed the basis of the definitive, modified remediation pro
gramme.

Meticulous photographic documentation was carried out before any 
action was taken. This photographic work was followed up in several 
rounds as work proceeded.

All photography was done by Ulf Bruxe at the Central Board of Nation
al Antiquities. Some of the work was also video-recorded.

Samples were taken for metal and patina analysis.

Samples
Y1 Drill core from right hip.
Y2 Drill core from right hip.
Y3 Drill core from right hip.
Y4 Drill core from the hair at the top of the head.
Y5 Drill core from the hair at the side of the head.
Y6 Drill core from the base of the column.
Y7 Metal specimen from sample Y5.
Y8 Metal specimen from sample Y6.
Y9 Metal specimen from the inside of the foot plate.
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Restoration work
Cleaning

Cleaning by nutshell blasting proved impossible. This method is only 
capable of removing what is already loosely attached in the form of a por
ous, powdery patina - most of which can be removed with a soft brush.

To clean the joins for welding, they were carefully sand-blasted until the 
metal had scarcely been exposed. Exposure of the metal next to the join at 
the hip revealed for the first time, quite clearly and quantifiably, the extent 
of the corrosion attack, as described above (fig 39). Further cleaning with 
sand exposed a distinct streaking pattern, etched in the metal beneath the 
green streaks. These observations, together with the knowledge which the 
work conferred concerning blasting as a cleaning method when used by 
skilled labour, led to the decision, in consultation with the owner’s repre
sentative, to sand-blast the statue almost down to the pure metal. Other
wise it was cleaned to the oxide surface, i.e. the brownish-red copper (I) 
oxide.

The cleaning exposed extensive local attacks over practically all surfaces 
which face upwards and, accordingly, are exposed to direct precipitation 
and particle fallout. The local attacks are very close together and have a 
measured depth of between 400 and 500 pm in most places. Their surface

Fig 39. The heel of left foot after removing of corrosion products showing deep corrosion attack.
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length is a few millimetres. The more horizontal a surface is, the deeper are 
the attacks. Under the green streaks there were distinctly etched furrows in 
the metal, made visible both by the deviant surface structure and by the 
difference in level.

Thus there is a notable difference here from the sculpture THE 
WATER-SPRITE, dating from 1949. THE WATER-SPRITE also pre
sented a distinct streaking pattern, but without any visible attacks in the 
surface of the metal.

Mends
Mends to the right hip were removed and a new mend substituted by 
welding in a new patch. The holes left by the drill cores were mended in 
the traditional way, without welding. The mends were chased to the same 
surface appearance as the surrounding surfaces.

The crack in the join of the footplate was closed with new stainless bolts 
in the outer edges.

Patination
Patination was done after certain test patinations, which were discussed 
first by the working party and the patinator before the real work of pati
nation began. All were agreed that the sculpture was to be dark green. A 
ground was laid using potassium sulphide. On this sulphide ground a cop
per nitrate solution was applied, with simultaneous heating, in several 
coats and such a way that variations of nuance and shading have the effect 
of emphasising and heightening the form.

This description will serve to emphasise that patination cannot be done 
with good results solely on the basis of the recipe for the constituent chem
icals. The patinator must have a special feeling for the behaviour of the 
chemicals as work progresses, coupled with a highly developed sense of 
form. Patination is an art, not an industrial process.

Surface treatment/protection
The final treatment comprised waxing with microcrystalline wax, viz Shell 
microcrystalline wax B211.

The wax was administered dissolved in white spirit. The work was done 
at about 40°C surface temperature (fig 40).
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All the measures taken come within the scope of traditional sculpture 
craftsmanship. Microcrystalline wax was now tested for the first time in 
this project. The viewpoints expressed by patinator and art founder are 
positive. Experience from the archaeological conservation of metal is

Fig 40. Youth with Turtle after restoration.
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encouraging, so too is experience of sculpture conservation in other coun
tries. This wax, however, has not been used for any great length of time in 
outdoor surroundings, and so experience and knowledge of its degradation 
behaviour are limited.

End result
The main lessons learned from this work were as follows:
— Above all, observations of grave corrosion attacks, both pitting and 

etching under runnings.
— The possibility of taking samples of serious corrosion attacks and find

ing out, especially, about the black layers.
— The importance, both in cleaning and mending and in patination and 

surface treatment, of work being done by skilled craftsmen.
— Here again the working party for sculpture restoration has proved to be 

an excellent means of viewing all aspects of the work, ethical and aes- 
thetical questions not least, in a holistic perspective.
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Appendix 3.2 
Technical examination of 
“Youth with Turtle”

Introduction
This statue was selected for closer study partly because it shows a distinct 
crazing in the patina on the exposed surfaces. Similar patterns have been 
observed on other statues, e.g. that of John Ericsson, but not in the course 
of detailed studies of The Water-Sprite.

After it had been transferred to the workshop, the statue was subjected 
to ocular inspection and photographically documented. The present 
report deals with the corrosion status observations which were then made.

The outside of the statue
The patina was mottled over most of its area; see Figs. 37. Those parts of 
the surface which are exposed to direct precipitation show a dense, black 
surface with variously sized green patches. The green patches convey a 
powder-like impression. On vertical parts there are streaks, most conspic
uous in the face, on the breast, stomach and legs and on the upper arms. 
The patchiness is most noticeable in the head, on the shoulders and back, 
on the left calf and on the inside of the left thigh, as well as on the col
umn. Parts of the statue which are well-protected from water, such as the 
upper part of the column and inside the left ear, are a dull black. The sur
face of green zones is appreciably lower than that of the black zones. This 
is especially noticeable in the hair, on the shoulders and on the column.

The mottled quality of the surface rather resembles the trickling pattern 
which sometimes appears in light soils after rainfall. In this analogy the 
green areas correspond to the furrows where runnels have carried away
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material. Some streaking patterns caused by rainwater running off can also 
be observed on the statue. Most of the pattern, however, was irregular, in 
such a way as to remind one of the crazing on old, tar-coated timber.

Areas protected from the rain were dark and had no elements of green, 
except where green streaks showed that water trickling down had formed 
runnels.

No deep corrosion attacks, except for what could be sensed in the green 
zones, were observed on the outside until a small portion of the surface 
was brushed clear. After a mended portion of the small of the back had 
been brushed clear, local corrosion attacks were found in the surface up to 
a depth of several tenths of a millimetre.

Iron spikes on the stone base
When the statue was removed from its stone base, it could be seen that 
iron spikes had been driven into the base as a support; Fig. 41. The spikes 
had been secured in the stone base by driving wooden wedges down into 
the holes, which were larger than the spikes. These spikes, which were in 
direct contact with the bronze, were found to have rusted almost com
pletely away.

A thick square bolt had been driven into the stone base to prevent the 
statue tipping over. At the top this bolt was enclosed in a wooden sleeve 
which entered the column. At the bottom the bolt was heavily corroded. 
The appearance of the corrosion attack showed that moisture had inter-

Fig 4L Corroded iron spike in the stone base.
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mittently accumulated on the surface of the stone base beneath the statue. 
This moisture had been partly absorbed by corrosion products on the 
lower part of the square bolt, which had resulted in long periods of wet
ness and the formation of additional corrosion products which were 
capable of retaining still more moisture, which had then helped to bring 
about further corrosion attacks. In this way the bottom of the iron bolt 
had acquired a collar of rust several centimetres high.

Iron parts inside
The statue has several internal components of iron. These are of two 
kinds: bolts with nuts and tapered iron pins; see Fig.38. Both types serve 
the same purpose, namely that of holding together separately cast sections 
of the statue.

The bolts and nuts which were at the bottom, next to the stone base, 
had rusted through almost completely, and this had caused a crack to 
appear in the join between the right and left halves of the lower part of the 
statue. The bolts a little higher up were very rusty but by no means rust
ed through.

The iron pins high up in the coi. nn were rusty, but there was nothing 
to suggest that the strength of the ' been so greatly reduced as to
need reinforcing.

Sampling
It was felt that sampling was justified in order to obtain answers to the fol
lowing questions.
- Is there any difference in basic structure between the black patina 

formed in the rain shadow and that found on parts of exposed surfac
es?

- Is there any relation between metallographic structure and the pattern 
of dark and green corrosion products observable on the surface?

- How much deeper is the surface of the green corrosion products than 
that of the dark ones?

- How deep are the local corrosion attacks?
- How were tin, sulphur and zinc distributed from the surface of the 

metal outwards towards the surface of the patina, on green and dark 
surfaces.

- What solid phases had formed in the corrosion products?
- What was the composition of the metal in which the statue was cast?
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Metal analyses
The sculpture consists of four separately cast sections. Samples for metal 
analysis were taken from three of these. The part not sampled comprises 
the upper part of the column and the left forearm. The specimens analysed 
were, using the designations in the report RIKa 90-003:4.

1. Y7M, right side of the head,
2. Y1M, right hip,
3. Y9M, inner flange under the foot plate,
4. Y8M, lower part of the column.

The metal analyses were performed by Aniela Svärdh, RIKa, using ICP, 
after the specimen had been dissolved in aqua regia and diluted. Table 1 
shows the results.

Table 1. Concentrations of alloying elements in various samples from the stat
ue Youth with Turtle. Percentages by weight.

Sample Copper Lead Zinc Tin Iron
No. % % % % %

1 84.8 4.8 2.3 8.2 0.07
2 88.4 1.8 5.3 4.1 0.20
3 88.3 1.7 5.4 4.0 0.20
4 93.2 0.5 0.3 6.0 0.05

Samples 2 and 3 were taken from different parts of the same separately cast 
section.

The results of the analyses show that at least three of the four sections 
of the sculpture were cast with different melts. The composition of these 
melts varies throughout the greater part of the range commonly occurring 
in bronze statues.

Phase analysis of corrosion products
Two scrape samples of patina were taken from the back. One of them 
(Y1K) was scraped from a black surface, the other (Y2K) from a green one.

X-ray diffraction using a Guinier-Hägg camera with Cu Kal radiation 
yielded the diffraction patterns shown in Tables 2 and 3. From those tables 
it will be seen that the main crystalline phases of these samples are bro-
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chantite and, possibly, copper oxide. The proportion of copper oxide may 
depend on how deep one scrapes towards the surface of the metal when 
sampling. The black patina appears to contain a little quartz sand. The 
strongest diffraction line from a-quartz has a d-value of 3.34 Å.

Table 2. Diffraction data from sample Y1K, black surface.

Obs. I Obs. d (Å) Brochantite Copper
oxide

379 6.3872 6.38
524 5.3597 5.36
660 3.8975 3.90
317 3.3411 3.34
375 3.1892 3.19
586 2.6821 2.678
1000 2.5147 2.521
706 2.4632 2.466

2.460
2.465

108 2.3840 2.386
228 2.2698 2.266
259 2.1837 2.190
340 2.1380 2.140 2.135
410 1.8272 1.83
799 1.7386 1.74

Table 3. Diffraction data from sample Y2K, green surface.

Obs. I Obs. d (Å) Brochantite Copper
oxide

311 6.3876 6.38
211 5.3546 5.36
203 3.8913 3.90
287 2.6773 2.678
498 2.5141 2.521
436 2.4650 2.466

2.460
2.465

292 2.1337 2.140 2.135
353 2.1052 2.099
456 1.8206 1.82
360 1.7380 1.74
198 1.5585 1.56
444 1.5043 1.50 1.510
262 1.2887 1.29
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Fig 42. Micrograph showing a cross section with two corrosion pits. The light area in the lower part of the picture is the bronze metal, the brown zone is cuprite 
and a mixture of tin oxide and brochantite. Magn. 270x.



Microscopic examination 
of ground sections with patina
Ground sections of five drill cores (Y1M, Y2M, Y3M, Y5M and Y6M) 
were produced by means of metallographic sample preparation. In these 
ground sections, the structure of the patina can be studied through the 
microscope. Both an optical microscope and a scanning electron micro
scope were used. With the latter technique, elementary composition was 
also studied by means of EDX.

The optical images from sample Y1M show that the corrosion front is 
often very uneven; see Fig. 42.

Nearest the metal one can observe red zones of corrosion products. In 
these zones, then, copper oxide is the majority phase. Further out one can 
often see that the corrosion products are green, which suggests the pres
ence there of a large proportion of brochantite. All ground sections present 
a similar appearance. Antlerite has not been identified with X-ray diffrac
tion on the statue concerned and can therefore be excluded as an explana
tion for the green zones.

The images of zones with concentrations or heavy occurrence of tin, 
zinc and sulphur were produced with a scanning electron microscope and 
EDS technology; Figs. 43-44. Here one can observe essential differences 
in the structure of green surfaces with local attacks and black ones with 
minor attacks.

Under black zones there is a tin front a little way down in the patina. 
Outside this there is hardly any tin (fig 43). In the green zones with local
ly elevated corrosion, on the other hand, there is a greatly elevated content 
of tin on the outside of the patina (fig 44). Now tin as a corrosion prod
uct gives rise to sparingly soluble hydrated tin oxide (“stannic acid”) which 
is precipitated right next to the surface of the metal on which the corro
sion takes place, and so the tin front in the dark zones ought in some way 
to reflect the situation on the original surface of the metal. Outside this, 
brochantite has been precipitated. Dust and grime have evidently become 
encapsulated in this precipitated brochantite. In Fig. 45 one can see these 
grains of dirt, containing iron, chlorine and silicon, as the red, yellow and 
white zone which do not have any counterparts in Fig. 43.

The silicious grains probably consist to a great extent of quartz, i.e. they 
are ordinary grains of sand. And, as stated above, the strongest line of (X- 
quartz has been observed in a diffractogram from a dark patinated surface.

The iron observed can occur in the form of rust particles or ferruginous 
mineral.

It is reasonable to suppose that large quantities of soot are also encap-
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Fig 43. EDX-analysis of the area in fthe left part of fig 42 showing the distribution of the elements 
tin, zink and sulphur in a black patina layer. Magn 550x. Cf. fig 5.

Fig 44. EDX-analysis of the area of the right corrosion pit in fig 42 showing the distibution of the 
elements tin, zink and sulphur in a green corrosion pit. Magn. 550x. Cf. fig 5.

Fig 45. Same area as in fig 43, with the addition of the elements iron, chlorine and silicon. Magn 
550x. Cf. fig 5.

sulated in the dark outer layer. Carbon, however, cannot be demonstrated 
with the technique used. Probably the dark colour of these zones is due to 
soot content.

The locally more heavily corroded surfaces present not only elevated 
corrosion but also a superficially lower sulphur content (compared with 
their tin content) than is the case a little way further into the patina; Fig. 
44.

Evidently the brochantite is leached out by rainwater in larger quantities 
on these surfaces.
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Microscopic examination of 
ground sections
The metallographic ground sections have also been examined through the 
optical microscope, after polishing and etching with copper chloride and 
ammonia. The ground sections present structures characterised by primar
ily separated dendrites of OC-phase, which are richer in copper than the 
residual melt which solidified later. A certain over-representation of zones 
rich in tin can be observed next to interfaces with heavy corrosion attacks. 
It is doubtful, however, whether this is generally valid.

etallographic

Discussion
Atmospheric corrosion of copper alloys most often produces a fairly even 
erosion. During inspections of statues in polluted atmospheres, a number 
of sculptures have been observed with local green, deeper corrosion attacks 
on darker surfaces. Sculptures of this kind include, for example, two ani
mal sculptures, by Cain in the Luxembourg Gardens in Paris and the cop
ies of the de Vries sculptures in the Valdstein Gardens in Prague. In Stock
holm this form of dark and green mottled patina with a distinct crazing- 
like pattern has only been observed on a few of the sculptures we have 
seen.

The reason for the occurrence of this pattern is not immediately evi
dent. Since the green zones have a deeper corrosion attack, the anodic pro
cesses must be more active or must continue for a much longer time com
pared with the surroundings. The reason for this is not known, but a num
ber of hypotheses can be formulated. Some of the most immediate are as 
follows:
- Segregations in the metal give rise to separate anode and cathode sur

faces.
- An old surface coating (varnish or suchlike) has crackled and given rise 

to a pattern in which the anode and cathode surfaces have been local
ised.

- Trickle and dew patterns in grime have given rise to aeration cells with 
the pattern occurring.

- Soot particles have given rise to a membrane similar to that which 
occurs in pitting of type I in copper.

- The pits have corroded more deeply because the wetting time is long
er there.
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The first hypothesis can be tested with the aid of the information obtained 
from Figs. 43 and 44. As we have now observed, however, the depth of 
corrosion is not distinctly related to metallographic structure, and so the 
likelihood is that the pattern has other causes than microsegregation. The 
other hypothesis are not easily tested.

However the pattern may have come about, it proves to be fairly stable 
in contaminated environments. In these environments the electrolyte on 
corroding bronze should have fairly good conductivity. This ought to 
favour a polarisation length of up to a few millimetres, which should be 
capable of stabilising quite a few anodes and cathodes of about this size.

Anode surfaces usually have a lower pH than cathode surfaces. This can 
affect the stability of a brochantite layer. The brochantite layer on the cath
ode surfaces appears, judging by section images, to be much more stable 
than on the anode surfaces.

Conclusions
Studies of corrosion damage and material analyses on the statue Youth
with Turtle entitle us to draw the following conclusions.
- The statue was cast in four sections, at least three of which were cast 

from different melts.
- The patina has brochantite and copper oxide as its main crystalline cor

rosion products, in both green and black zones.
- The local corrosion attacks attain a depth which is up to 0.5 mm great

er than the corrosion in surrounding zones.
- The mottled green and dark pattern might reflect the distribution of 

anodic and cathodic areas during corrosion in wet conditions. A more 
probable explanation however, is formulated in Appendix 4.2.
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Fig 46. The Contenders before restoration.
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Appendix 4.1
Restoration of the sculpture 
“The Contenders”

J.P. Molin’s sculpture The Contenders, dating from the 1860s, was select
ed for restoration as part of the project “Measures to counteract the impact 
of air pollution on bronze sculptures in the outdoor environment”. There 
were several reasons for choosing this sculpture. It was grossly disfigured 
by a patina which in places had consumed the surface metal to a consid
erable depth. It has occupied the same position for over 120 years, in what 
was probably one of the most polluted places in Stockholm until the mid- 
1960s. The sculpture was in need of restoration, it could furnish some 
additional information and it could also provide an opportunity for trying 
out certain methods of treatment.

Object
Sculpture: THE CONTENDERS, bronze, cast and erected in 1867. 
Height, base: 150 cm approx. Sculpture: 200 cm approx.
Location: The grounds of Nationalmuseum in Blasieholmen, Stockholm 
Artist: J.P. Molin (1814-1873).
Foundry: Gebr. Lenz-Heroldt, Nuremberg.
Owner: Nationalmuseum
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The sculpture
This sculpture represents two young men linked together by a belt round 
their waists and duelling with daggers. The course of events leading up to 
the contest is depicted in reliefs on the four sides of the base, which is also 
cast in bronze (Fig 46).

The location outside Nationalmuseum does not imply any air pollution 
load nowadays, but previously, until the mid-1960s, this place was exposed 
to the smoke of a large number of coal-fired archipelago steamers. There 
was a great deal of steam boat traffic until the 1960s, and the boats were 
powered by coal-fired steam engines until about 1963. Now the traffic in 
the immediate vicinity is negligible. The sculpture is surrounded by low 
bushes and close by there are several large trees, none of them, however, 
directly overhanging.

State
The base is cast in five sections, with separately cast corner detailing in the 
form of snakes’ heads. The patina on the horizontal topside of the base is 
predominantly green. The surface presents a large number of pores from 
casting. The corrosion attacks are very pronounced in places, appearing in

Fig 47. Close-up of corroded area showing deep pitting.

144



the form of a pronounced relief in a crazing-like pattern (Fig 47). The 
sides of the base have a predominantly black, dull and apparently porous 
patina with small green patches and streaks. The side of the base facing the 
quayside is noticeably blacker than the other sides, which have more 
touches of green.

Fig 48. Detail of a join between the head and the torso.

From the inside of the base it could be seen that all the corner joins had 
opened sufficiently for light to be visible through the crevices. The corners 
were joined together with tapped iron bolts and nuts. The bolts had rust
ed, but not to such an extent that the base was threatening to come apart.

The sculpture is cast in several sections. There are seven altogether: two 
heads, two pairs of arms on the two figures, and their bodies. The patina 
is predominantly green, though the undersides are black with the usual 
patterns of green streaks, especially under the arms, thighs and calves. The 
joins between sections are distinctly apparent at certain points in the form 
of lines in the patina, the latter being differently coloured on either side of 
each join (fig 48). The sculpture was sand-cast in a mould made up of sev
eral pieces. Joins between the different parts of the mould are clearly 
apparent as a network of lines on which the patina has a deviant colour, 
e.g. pale green lines on a dark ground. This was the casting technique of 
the German school of the time, as distinct from the French school, which 
relied almost entirely on the cire-perdue process.
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The foot plate has large casting pores. Water accumulates in them and 
there is no drainage. In one fold of a mantle a thick deposit of some min
eral material has accumulated, probably emanating from the casting core. 
This suggests that there is a crack or a thoroughgoing casting flaw in the 
metal and that the casting core is still in position. Inspection from beneath 
showed that large parts of the casting core had been left in those parts of 
the sculpture which were cast in one piece, i.e. the young mens bodies.

Traces of graffiti removal were observed at several points, e.g. on one 
foot and on one thigh, where the patina is entirely missing.

Purpose of the work
In addition to conserving/restoring the sculpture, the work had certain
other purposes.

These were
- to improve our knowledge of patina structure, of the relation of corro

sion attacks to outward appearance and of connections between the 
extent of attacks and, respectively, the position of the sculpture in rela
tion to a pollution source and the alignment of exposed surfaces. It 
should be noted that this is the oldest sculpture to have been examined 
under the total remediation programme. It represents a foundry tradi
tion of its own, namely the German tradition, whereas all the other 
statues were cast in the French manner,

- carrying out full-scale experiments with various types of blasting agent, 
to supplement laboratory experiments at the Swedish Corrosion Insti
tute,

- gaining further experience of cleaning, patination and surface protec
tion of bronze sculptures full scale, and to acquire another object whose 
development could be monitored over time.

Restoration method
All cleaning was done by blasting. The base, which was to be used for test
ing blasting agents, was blasted clean with four different agents, one on 
each side. Open cracks were braze-welded with bronze solder. The sculp
ture was not blasted down to the pure metal. The base and sculpture were 
patinated and surface-treated to give them the appearance which the 
sculpture restoration working party had agreed on.
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Ethics and aesthetics
Questions relating both to practical work and to aesthetic and ethical val
ues were discussed within the sculpture restoration working party.

Remediation proposals were worked out by Jan Gullman and Mille 
Törnblom in consultation with members of the working party, and were 
subsequently approved by the owner, Nationalmuseum.

Discussions and decision-making concerning the practicalities and end 
result of patination were greatly influenced by the patinator, Karin Wass- 
berg.

Preparations
The sculpture was conveyed in two parts, sculpture and base, to Gunnar 
Petterssons art foundry by BinSell Tunghantering AB.

A detailed inspection was carried out, both externally and internally, as 
a basis for the final remediation programme. Careful photographic docu
mentation was compiled by Ulf Bruxe of the Central Board of National 
Antiquities before restoration work began, and also as work proceeded, 
until the sculpture was back in position. Some of the work was also video- 
recorded by Mille Törnblom and Jan Gullman.

Samples were taken for metal and patina analysis.
Drill core samples were taken, using a special-purpose drill developed in 

Munich at Landesamt für Denkmalpflege.
Sample BLTl was taken from the head of one man, near the join. 

Brownish-green patina. Sample BLT2 was taken from the torso, immedi
ately on the other side of the join. Green patina.

These two samples were taken to see what difference there was in pati
na composition between two sections which were close together but quite 
different in colour. One question is whether the difference can be attrib
uted to differences in the composition of the metal.

Two larger specimens were sawn out of the base, from the top of the two 
sides, one facing the quayside where the steam boats used to call, and the 
other on the opposite side of the sculpture and in the lee of it. Both spec
imens were taken from horizontal, upward-facing surfaces, i.e. surfaces 
with maximum exposure to the deposition of impurities which were 
washed off by precipitation.

Sample BLT3 was taken from the front of the base, facing westwards 
towards the quayside.

Sample BLT4 was taken from the rear of the base, facing eastwards.
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Restoration work
Cleaning
The base was blasted clean on all sides to a surface which on the whole was 
clear of green and black corrosion products but retained a layer of copper 
oxide. Blasting was done, using various blasting agents, by the chaser at 
Petterssons art foundry, Otto Suhajek, a skilled craftsman with many 
decades’ experience of the art foundry trade.

Side 1, facing west, was blasted with olivine sand.
2, facing north, was blasted with plastic beads.
3, facing east, was blasted with aluminium oxide.
4, facing south, was blasted with glass beads.

The results of these experiments were as follows. If the cleaning is done by 
a skilled craftsman who can gauge the blasting distance and the angle of 
the blasting jet so as to achieve maximum efficacy combined with the clos
est possible control of the result, a realistic view is obtainable of the effect 
of the different blasting agents and of their usefulness by comparison with 
a rational and closely controlled work input.

Blasting with olivine sand is comparable to aluminium oxide as regards 
both time input and corrosion product removal. The effect, in other

Fig 49. The side of the base which was blasted with sand.
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words, is the same; a good degree of cleaning within a reasonable time and 
with good control of the result.

Blasting with glass beads gives satisfactory removal of corrosion prod
ucts after very long abrasion and heavy consumption of blasting agent. Its 
efficacy, then, is low, but, because of the very slow removal rate, control of 
the result is very good.

Blasting with plastic beads led to no removal at all. Instead the beads 
were pulverised and plastic dust was beaten into the corrosion product so 
effectively that they had to be blasted away with olivine sand.

Fig 50. The side which was blasted with plastic beads.
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The conclusion drawn from this investigation is that the use of olivine 
sand and aluminium oxide is only suitable with a very high level of profes
sional skill but is very effective. Olivine sand is the best material if blast
ing is to be used, because aluminium oxide is far more expensive and does 
not have any manifest advantages.

With glass beads it is easier to control what happens on the surface dur
ing the blasting operation, and so it may be tempting to employ people 
who are less proficient in the technique, but it is really most inadvisable 
for this kind of work to be done by anybody who has not fully mastered 
the technique. Blasting as a cleaning method must only be done by a fully 
competent craftsman in the art foundry business.

Most of the black and green surface corrosion on the sculpture was 
removed by olivine sand blasting. The red copper oxide, cuprite, nearest 
the surface of the metal was left in situ, together with parts of a thin layer 
of green sulphate, as an underlay for re-patination.

Fig 51. The statue after removing of corrosion products with sand blasting. Note that the cuprite 
layer still remains as well as some of the green patina.

This work was done to show that it is fully possible for a corroded metal 
surface to be cleaned by blasting without removing all corrosion products, 
so long as the technical equipment is handled with due competence and 
sufficient is known about the nature of the object. Cleaning which leaves 
the corrosion products next to the surface in situ does not remove any
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metal either, because the surface of the metal is unaffected by the blasting. 
Otherwise the risk of metal removal is the commonest argument used 
against blasting as a cleaning method. The real target of that argument, 
however, should be, not the method itself but the incompetent craftsmen 
and conservators who fail to use it properly.

Mends

The small drill holes in the sculpture, 4 mm in diameter, which resulted 
from sampling were mended by forging bronze wire into them and chas
ing the surface.

The base had been more extensively sampled, and sheet bronze was braze- 
welded with bronze solder onto the points where test pieces had been sawn 
out. The bronze solder is designated BL66, CuSnb, DIN 1733 and con
sists of copper together with 6.1-6.6% Sn and 0.20-0.27% P. At the cor
ners of the base, where cracks had been noticed due to bolts rusting, the 
joins were welded from the outside without touching the original joins on 
the inside.

Patination
Patination work was preceded by discussions with the working party. The 
sculpture was to be patinated a dark green with shading and nuances to 
heighten the plasticity of the forms. This was especially important as 
regards patination of the reliefs on the base.
The patination was done on a potassium sulphide ground, which gives a 
dark brown priming for the green patina. The sulphate ground, then, was 
laid on the existing residual layer of the old patina, which consisted of cop
per oxide and certain residues of copper sulphates. To this dark brown 
ground, which is a precondition for obtaining a dark green patina, a solu
tion of copper nitrate was applied in several coats with a brush and heat
ed during application with a naked flame.

Surface treatment/protection

The final treatment takes the form of waxing to protect the surface, using 
Shell microcrystalline wax B211. This wax was applied, dissolved in white 
spirit, at a slightly elevated temperature. Because the work was done man-
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ually by a craftsman, the patinator, the temperature of the wax was not 
taken. It is understood that the wax has to be roughly at hand temperature 
or slightly warmer, i.e. 35-40 °C. The wax is applied several times over. It 
was worked in manually and polished with rags until the surface takes on 
the appearance required (Fig 52).

Fig 52. The Contenders after restoration.
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Appendix 4.2 
Technical examination 
of “The Contenders”

The test pieces sawn out of the base of the sculpture were used for metal- 
lographic section studies. A few millimetres of a section, including both 
green and dark areas, were studied both in the optical microscope and by 
scanning electron microscopy; see Figs. 53—56.

In the figures one can see both areas which are distinctly corroded and 
areas covered by an even layer of dark patina. One is struck by the consis
tent thickness of the patina layer over those areas which are not corroded. 
It will also be observed that local attacks on the borderline between green 
corroded areas and dark uncorroded ones have intruded beneath the con
sistently thick, dark layer of artificial patina.

So far when interpreting the micrographs we have found it most reason
able to assume that the layer containing sulphur and copper is made up of 
corrosion products. In the present instance it seems no less reasonable to 
assume that the coating on parts of the surface should be interpreted as res
idues of a heavily transformed and degraded artificial patina.

From what we know of patination during the period in question, it is a 
reasonable hypothesis that the original patination consisted of a nitrate 
patination bonded to the surface by a layer of wax. Technically speaking, 
this type of patination can be compared to a coat of paint having a pig
ment of basic copper nitrate and a beeswax binder. Patinations are not usu
ally described in this way, because the pigment is produced first on the sur
face and the binder applied afterwards, as it were.

Under the impact of atmospheric sulphur dioxide, basic copper nitrate 
is sulphatised to brochantite on surfaces exposed outdoors to air contain
ing sulphur dioxide. On unwaxed surfaces the transformation takes, at 
most, a few years (personal information from Rolf Flolm). Since, in all 
probability, the surface of this sculpture was waxed, the process may have 
taken longer time.

The wax has been successively degraded. As a result, pores or weak
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Fig 53. Photo micrograph of a cross section from the base showing green corrosion pit. Magn. 70x.

Fig 54. EDX-analysis with super imposed coloring of the elements tin, zink and sulphur. The 
analysed area is shown in fig 53. Magn. ca 400x.

BELTS.IM
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Fig 55. Photo micrograph of a cross section from the same sample, showing an area with black 
patina. Magn. 70x.

Fig 56. EDX-analysis with super imposed colouring of the elements tin, zink and sulphur. The 
analysed area is shown in fig 55. Magn. ca 400x.
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points must gradually have developed in the patination layer. There is 
every reason to suppose that corrosion attacks were initiated at weak points 
of this kind in the patination layer and gradually expanded from there. 
This argument leads to a model which would serve to explain both the 
general appearance of crazing patterns on earlier bronze sculptures and the 
appearance of the irregular green patches on old bronze sculptures which 
have stood in corrosive outdoor environments like the Blasieholmen quay
side in Stockholm, the Luxembourg Gardens in Paris and the Valdstein 
Gardens in Prague.

The irregular crazing pattern probably reflects the random distribution 
of the development of the local attacks.

As mentioned earlier, micrographs show that surrounding areas with 
residues of transformed patination are successively undermined by pitting. 
We were also able to see that the transformed patination was easily dis
lodged from the edges of some green pits, whereas a short distance away it 
adhered very firmly.

It also follows from the above interpretations that the original patina
tion still afforded corrosion protection on those parts of the surface where 
it had not been so heavily degraded. This clearly indicates that the form of 
artificial patination concerned would have made good corrosion proofing 
if it had been looked after better by means of regular waxing.

With this interpretation, we also have every reason to suppose that the 
dark parts of the surface have a very slow removal rate (insofar as they can 
be externally removed at all) and are thus very old. This means that they 
have collected a good deal of grime over the years, some of which probably 
remains in situ and could, at least in the present instance, account for the 
dark colour.

Conclusions and experience
The main experiences gained from this work were as follows:
- Studies of serious corrosion attacks with deep pitting and streaking 

which had made deep furrows in the metal indicate that the local 
nature of the corrosion attacks reflect degradation of original artificial 
patination. This interpretation seems more plausible than the one sug
gested from the studies of Youth with Turtle.

— Comparative full-scale testing of various blasting agents.
— Practical demonstration of the potentialities of blasting technique 

when competently used.
- Problems with bad adherance of patination in some areas. Bees wax 

better? To little wax?
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Appendix 5.
Restoration of the sculpture 
“The Foster Brothers”

Theodor Lundbergs sculpture “The Foster Brothers”, dating from 1891, 
was selected for restoration as part of the project “Measures to counteract 
the impact of air pollution on bronze sculptures in the outdoor environ
ment”. There were several reasons for choosing this sculpture. It was grave
ly disfigured by a patina which in some places had consumed the surface 
metal to a considerable depth. It had occupied the same position for 100 
years, in what was probably one of the most heavily polluted places in 
Stockholm until the mid-1960s. And it can supply knowledge supple
menting that gained from restoration work on The Contenders and Youth 
with Turtle.

The sculpture was in need of restoration and at the same time present
ed an opportunity for testing certain treatment methods.

Object
Sculpture: THE FOSTER BROTHERS, bronze, cast in 1888 and erect
ed in 1891.
Height, sculpture: 200 cm approx., weight 500 kg approx.
Location: the grounds of Nationalmuseum in Blasieholmen, Stockholm. 
Artist: Theodor Lundberg (1852-1926).
Foundry: Gruet Jne Fondeur, Paris.
Owner: Nationalmuseum.
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Fig 57. The Foster Brothers before restoration.
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The sculpture
The sculpture represents two nude warriors, one of them dying in his fos
ter brothers arms. It is mounted on a stone base (Fig 57).

The location outside Nationalmuseum does not imply any air pollution 
load nowadays, but previously, until the mid-1960s, this place was exposed 
to the smoke of a large number of coal-fired archipelago steamers. There 
was a great deal of steam boat traffic until the 1960s, and the boats were 
powered by coal-fired steam engines until about 1963. Now the traffic in 
the immediate vicinity is negligible. The sculpture is surrounded by low 
bushes and close by there are several large trees, one of them directly over
hanging.

State
The sculpture has green patches on a black ground. It is conspicuously 
streaked with green on black undersides protected from direct precipita
tion. Beneath the seated figure, the surface protected from rainfall is con
spicuously dirty.

Despite its exposed position, this sculpture seemed before restoration to 
be in better condition than The Contenders and Youth with Turtle. The 
corrosion attacks did not seem quite as deep and extensive as in the other 
two statues, and the outward aspect was less disrupted by green and black 
patches and streaking.

Purpose of the work
In addition to conserving/restoring the sculpture, the work had certain
other purposes.

These were
— to improve our knowledge of patina structure, of the relation of corro

sion attacks to outward appearance and of connections between the 
extent of attacks and, respectively, the position of the sculpture in rela
tion to a pollution source and the alignment of exposed surfaces. This 
sculpture is the same age as Youth with Turtle next to it, but it was very 
different in appearance. It also belongs to the same art foundry tradi
tion as The Youth, namely the French tradition,

— gaining further experience of cleaning, patination and surface protec
tion of bronze sculptures full scale, and to acquire another object whose 
development could be monitored over time.

159



Restoration method
All cleaning was done by blasting. The sculpture was not blasted down to 
the pure metal. The sculpture was patinated and surface-treated to give it 
the appearance which the sculpture restoration working party had agreed 
on.

Ethics and aesthetics
Questions relating both to practical work and to aesthetic and ethical val
ues were discussed within the sculpture restoration working party.

Remediation proposals were worked out by Jan Gullman and Mille 
Törnblom in consultation with members of the working party, and were 
subsequently approved by the owner, Nationalmuseum.

Discussions and decision-making concerning the practicalities and end 
result of patination were greatly influenced by the patinator, Karin Wass- 
berg.

Preparations
The sculpture was conveyed to Gunnar Petterssons art foundry by BinSell 
Tunghantering AB. A detailed inspection was carried out, both externally 
and internally, as a basis for the final remediation programme.

Careful photographic documentation was compiled by Ulf Bruxe of the 
Central Board of National Antiquities before restoration work began, and 
also as work proceeded, until the sculpture was back in position. Some of 
the work was also video-recorded by Mille Törnblom and Jan Gullman.

Restoration work
This work came to differ in a number of essential respects from the initial 
remediation proposals. When the programme was first drafted, the sculp
ture looked to be in better condition than it was actually found to be dur
ing cleaning. The original proposal was confined to careful cleaning, with 
the removal of loose corrosion products, followed by surface treatment 
with wax. Cleaning, however, revealed extensive corrosion attacks, certain-
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Fig 58. A detail showing severe corrosion attack.
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Fig 59. The statue after sand blasting, leaving a cuprite layer and some remains of the green 
patina.
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ly no less extensive than on the other two statues in the same location (fig 
58). This observation led to a revision of the programme so as to include 
more extensive cleaning and the removal of the thicker corrosion layers, 
though not to the extent of removing the copper oxide layers or the inner 
layers of sulphate. Re-patination, consequently, also had to be included.

Cleaning
Most of the black and green surface corrosion on the sculpture was 
removed by olivine sand blasting. The (red) copper oxide nearest the sur
face of the metal was left in situ, together with parts of a thin layer of green 
sulphate, as an underlay for re-patination (Fig 59). This work was done to 
show that it is fully possible for a corroded metal surface to be cleaned by 
blasting without removing all corrosion products, so long as the technical 
equipment is handled with due competence and sufficient is known about 
the nature of the object. Cleaning which leaves the corrosion products 
next to the surface in situ does not remove any metal either, because the 
surface of the metal is unaffected by the blasting. Otherwise the risk of 
metal removal is the commonest argument used against blasting as a clean
ing method. The real target of that argument, however, should be, not the 
method itself but the incompetent craftsmen and conservators who fail to 
use it properly.

Patination
Patination work was preceded by discussions with the working party. The 
sculpture was to be patinated a green with shading and nuances to height
en the plasticity of the forms. This was especially important as regards pat
ination of the reliefs on the base.

The patination was done without a sulphide ground and without a dark 
underlay for the green patina. Several coats of a copper nitrate solution 
were brushed on, with heat from a naked flame, over the residual layer of 
the old patina, which consisted of copper oxide and certain residues of 
copper sulphates. This way patinating with nitrates on the patina residues 
gives a paler green, added to which the technique of using old, “natural” 
patina as a ground probably means that consumption of the underlying 
metal during re-patination is quite negligible.
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Surface treatment/protection
The final treatment takes the form of waxing to protect the surface, using 
Shell microcrystalline wax B211. This wax is applied, dissolved in white 
spirit, at a slightly elevated temperature. Because the work was done man
ually by a craftsman, the patinator, the temperature of the wax was not

Fig 60. The Foster Brothers after restoration.
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taken. It is understood that the wax has to be roughly at hand temperature 
or slightly warmer, i.e. 35-40°C. The wax is applied several times over. It 
is worked in manually and polished with rags until the surface takes on the 
appearance required (Fig 60).

Conclusions and experience
The main experiences gained from this work were as follows:
- Studies of serious corrosion attacks with deep pitting and streaking 

which had made deep furrows in the metal. A new lesson which we 
learned was that an externally acceptable condition does not necessari
ly mean that the statue is insignificantly damaged.

- Practical demonstration of the potentialities of blasting technique 
when competently used.

- Patination giving a pale green colour on pre-existing, prepared, “natu
ral” corrosion products.

The main conclusions to be drawn from this work in the short term are 
that the working party is a necessary means of managing restoration work 
on the scale involved here. Without the discussions which took place in 
the working party, the result might have been the same or different, but 
above all these discussions provide support and certainty in remedial deci
sion-making which, to us as formally responsible, are quite invaluable.

As regards the practical side of work, we now know that given a skilled 
craftsman - art founder, chaser and patinator - a cleaning operation can 
be performed to exactly the required extent, in a rational manner and that 
the end result desired can be achieved with complete control.

We also know that the environmental conditions prevailing for most of 
the time during which the sculptures have stood outside Nationalmuseum 
cause heavy attacks in bronze. The three sculptures - Youth with Turtle, 
The Contenders and The Foster Brothers - were cast at different times by 
different foundries, using different techniques and different materials. 
Even so, they present very similar corrosion damage. What is more, the 
damage observed is very similar to damage we have observed on bronze 
sculptures in continental metropolitan cities, such as Paris and Prague. 
The type and extent of damage, in other words, depend more on the cor
rosive character of the environment than on variations of materials.

It should be emphasised in this connection that, in Stockholm and in 
Sweden generally, this extremely aggressive environment is something 
exceptional and apparently always has been. Only in Göteborg, in a few 
isolated objects, have we been able to find damage on a similar scale.
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Fig 61. King Gustav V before restoration.
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Appendix 6.
Cleaning of silane-treated 
sculptures

At the end of the 1980s a number of bronze sculptures in Stockholm were 
treated with a so-called silane compound with a view to permanent corro
sion proofing. The results of that treatment led to a debate on both the 
efficacy and the suitability of the treatment. There was, not least, consid
erable disunity regarding the aesthetic result of the treatment. Wishes were 
expressed for an inquiry, as part of the present project, into ways of remov
ing the silane. The following is an account of the attempts which were 
made.

According to information received from the originator of the treatment, 
Josef Piihringer, the silane coating on bronze sculptures can be dissolved 
(Piihringer 1990). It was stated that this could be achieved with “the silane 
monomer”, i.e. unhardened silane compound.

For chemical reasons, this is a very surprising statement. When the 
silane sets, it is formed into macro molecules via silicon-oxygen-silicon 
bonds which the monomer is unlikely to break.

So as to leave no possible means of removal unexplored, we tried clean
ing a small patch at the back of the sculpture Balck with silane monomer. 
We attempted this in two ways.

Firstly, we wiped the patch with a cloth moistened with silane, and sec
ondly we tried leaving a cloth soaked in silane on the surface for about half 
an hour before trying to wipe the surface clean. The wet cloth was covered 
with aluminium foil to prevent atmospheric water vapour reacting with 
the silane. (Piihringer recommended packing with sand or clay and silane.) 
Administration with a cloth instead of with sand was not judged to make 
any difference as regards a possible reaction between silane monomer and 
polymer.
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The experiments produced no demonstrable cleaning effect. The best 
cleaning method was judged to be careful sand-blasting and re-patination. 
Further details of the cleaning work done on individual sculptures are 
given below in the descriptions of work on each one.

Gustaf V
Anders Jönssons bronze bust of GUSTAF V was selected for inclusion in 
the project “Measures to counteract the impact of air pollution on bronze 
sculptures in the outdoor environment”, due to the necessity of investigat
ing the possibility of removing the previous treatment.

It is common, in what is believed to be a crisis, for panic measures to be 
taken without regard to the consequences or without even ascertaining 
that there really is a crisis. The treatment which had been given to this stat
ue can be regarded as such a panic measure, using a method which was 
untried and insufficiently known. This need not imply per se that the 
method is a bad one.

Description of the object
Sculpture: GUSTAF V, bronze, cast and erected in 1938, h. 100 cm 
approx.
Location: Stockholm Stadium, inside the main entrance arch.
Artist: Anders Jönsson (1883-1963)
Foundry: Otto Meyer eftr.
Owner: City of Stockholm.

The sculpture
The sculpture is a large bronze bust of Gustaf V which stands to the right 
of the Valhallavägen entrance to the Stockholm Stadium (Fig 61).

The sculpture is unprotected overhead but stands, on a high stone base, 
close to a brick wall. The base is so high that the sculpture cannot be 
reached from the ground.

The sculpture has occupied the same position at the Stadium since 
1938.

Traffic along Valhallavägen and Lidingövägen outside is very heavy.
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State
The sculpture was conserved in 1988 by Bertil Jonsson, at that time on the 
staff of the Stockholm Recreation Authority, using a method which he had 
devised together with Josef Pühringer. That method involved treating the 
patina with sodium hexametaphosphate, a complex former which dis
solves parts of the constituents of the patina. This leaves a patina of great
er porosity than before the treatment. The patina thus loosened, which 
now has a somewhat different composition from the original, is impreg
nated with a silane (ethylethoxysilane) in monomer form. This polymeris
es (sets) in the pores of the patina, binding it together. Finally the sculp
ture was waxed with graphite wax. The graphite was added partly because 
it is presumed, on dubious grounds, to inhibit corrosion.

Purpose of the work
As the polymerised form of silane was presumed to be impossible to dis
solve, it was decided that an attempt will be made to remove the treat
ment.

Ethics and aesthetics
The working party for sculpture restoration was entirely unanimous con
cerning the need to find a cleaning method.

As regards post-restoration appearance, the opinion was that Anders 
Jönsson executed both green and brown sculptures. The choice of light 
brown was based on aesthetic and formal considerations.

Preparations
The sculpture was taken to Gunnar Petterssons foundry, where it was 
inspected for possible damage. No damage was found.

The sculpture was documented photographically.
Before work began on the sculpture, a series of cleaning experiments 

was conducted in the laboratory. 50 green-corroded copper sheets measur
ing 150 x 100 mm were cut out of roof sheeting from Gustav Vasa 
Church, Stockholm. These test plates were treated with silane with and 
without graphite, by Globen Fastighetsservice AB, the firm which had pre
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viously carried out treatment of sculptures in Stockholm using the meth
od concerned.

These prepared test plates were treated successively with acetone, meth
ylene chloride and sodium hydroxide. No effect was achieved, except by 
mechanical treatment with an abrasive, such as steel wool or Scotch Brite.

Cleaning work
Cleaning experiments were performed on the back of the sculpture using 
several organic solvents (acetone, methylene chloride etc.) and with sodi
um hydroxide. Only the wax layer was affected, and even this was hard to 
remove, due to the persistent adherence of its graphite content.

Techanical cleaning, then, was the only remaining possibility. For this 
purpose blasting, properly performed, is the gentlest method in every 
respect. It removes least metal, it leaves least trace in the surface of the 
metal and it makes an excellent underlay for patination. In addition, it is 
the preferred method today for removing casting skin from new castings.

The sculpture was therefore cleaned by blasting down to a pure metal 
surface. After blasting it was patinated to pale brown, using potassium sul
phide. Finally the sculpture was waxed at about 40°C, using microcrystal
line wax (Fig 62).

End result
This work supplied practical proof that a silane impregnation cannot be 
removed with chemicals like organic solvents or caustic soda solutions.

What still seems to be unknown is how a silane coating ages, but there 
are several objects available in Stockholm for studying this point. One of 
them, Carl Milles’ Solsångaren, seems, however, to have become distinct
ly greener again compared with its state shortly after it had been treated. 
This suggests that the corrosion-proofing effect of the treatment is not as 
great as has been claimed.

All work on the sculpture was done at Gunnar Petterssons foundry.
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Fig 62. The bust after restoration.

171



Fig 63. King Gustav VI Adolf before restoration.
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Gustaf VI Adolf
Peter Lindes bronze bust of Gustaf VI Adolf was selected for treatment 
under the project “Measures to counteract the impact of air pollution on 
bronze sculptures in the outdoor environment”, partly to investigate how 
the graphite wax treatment administered in 1988 could be removed, and 
partly because it stands together with Anders Jönssons bust of Gustaf V, 
which was to be cleaned on the same occasion.

Description of the object
Sculpture: GUSTAF VI ADOLF, bronze, cast and erected in 1973. 
Location: Stockholm Stadium, inside the main entrance arch. 
Artist: Peter Linde
Foundry: Gunnar Petterssons art foundry.
Owner: City of Stockholm.

The sculpture
This sculpture is a large bronze bust of Gustaf VI Adolf, standing inside 
the Stadium on the south side of the Vallhallavägen entrance arch. The 
sculpture is unprotected overhead but stands, on a high stone base, close 
to a brick wall. The sculpture has occupied the same position at the Stadi
um since 1973 (Fig 63).

Traffic along Valhallavägen and Lidingövägen outside is very heavy.

State
The sculpture was conserved in 1988 by Bertil Jonsson, at that time on the 
staff of the Stockholm Recreation Authority. The treatment consisted of 
packing with sodium hexametaphosphate, followed by graphite waxing.

Purpose of the work
One reason for treating this sculpture was a desire to ascertain whether all 
graphite wax could be removed without mechanical aids. Another reason 
was that, since the bust of Gustaf V was to be cleaned and re-patinated, it 
was desirable that the bust of Gustaf VI Adolf should also be cleaned.
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Ethics and aesthetics
The working party for the restoration of the sculpture agreed that it was 
to be cleaned and that the sculptor, Peter Linde, should decide which 
cleaning methods were permissible and what end result was desirable. 
Unfortunately Peter Linde was not prepared to take part in a final inspec
tion of the sculpture before it was reinstated after work had been complet
ed. This has resulted in a certain amount of criticism on his part, concern
ing a minor detail of the King’s eyes, a matter which could very easily have 
been put right before the sculpture was returned to its position.

Preparations
The sculpture was taken to Gunnar Petterssons foundry, where it was 
inspected for possible damage. No damage was found. The work was dis
cussed with the sculptor, Peter Linde, and with the art founder who had 
cast the sculpture, Gunnar Pettersson. Peter Linde did not want the sculp
ture to be blasted, whatever the result of the cleaning work. As regards the 
end result, he wanted the sculpture to look as it had done before being 
treated with graphite wax.

Cleaning
Initial attempts at cleaning the sculpture were made at the foundry, using 
acetone, thinner, methylene chloride, alcohol and caustic soda solution. 
Some of the wax could be removed, but wax mingled with graphite 
remained in the form of an adhesive, greasy, soot-like membrane.

After all attempts at cleaning the surface in this way had been aban
doned, the firm, Globen Fastighetsservice AB, which had carried out con
servation work of the kind we were now trying to remove was contacted. 
In previous contacts it had been indicated that high-pressure flushing with 
hot water could be a possible means of removing the graphite wax coating.

Cleaning attempts using only hot water at high pressure did not have 
acceptable results. Attempts with various solvents, including those used as 
degreasing agents in motor garages, were tested, both singly and in various 
combinations. Ultimately use was made of Trutest SP-100 non-aromatic 
cold degreasing agent, combined with “AKS Skuggborttagning”, which 
contains potassium hydroxide. As work proceeded, the bust was repeated
ly flushed with hot water at high pressure.

After cleaning the sculpture recovered a brown patina, but with a per-
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sistent grey veil, due probably to the impossibility of removing all the 
graphite. In the course of cleaning work, a pure metal surface was exposed 
on the head, this had probably resulted from previous treatment of the 
bust with sodium hexametaphosphate. The patch of pure metal had pre
viously been concealed by the graphite waxing -which is capable of hiding 
most things. It was now patinated with potassium sulphide to the same 
shade as the surrounding areas, and it was then waxed with Shell micro
crystalline wax B211 (Fig 64).

Fig 64. The bust afier restoration.
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Fig 65. Colonel Viktor Balck, before restoration.
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Balck
Carl Eldh’s bronze bust of Colonel Viktor Balck (1913) was selected for 
restoration under the project “Measures to counteract the impact of air 
pollution on bronze sculptures in the outdoor environment”. This sculp
ture was chosen for several reasons. It had previously been treated by a 
method used at one time by the Stockholm Recreation Authority and 
including, as part of the final treatment, impregnation of the corrosion 
products with a silane which would probably be hard to remove. Attempts 
were made on another object, namely the bust of Gustaf V by Anders 
Jönsson (1938). The reason for renewed attempts being made was that, 
according to the inventor of the method, Josef Piihringer, the treatment 
was removable by a method not previously presented.

Object
Sculpture: COLONEL VIKTOR BALCK, bronze bust, cast and erected 
in 1913.
Height of sculpture: 100 cm approx.
Location: Stockholm Stadium.
Artist: Carl Eldh (1873-1954). 
foundry: H. Bergmans Konstgjuteri 
Owner: City of Stockholm.

The sculpture
The sculpture is a bronze bust cast in one piece and positioned close to the 
so-called Marathon Gate on Valhallavägen. It stands close to the brick wall 
but is not protected from the rain. The stone base is so high that the sculp
ture cannot be reached from the ground. The sculpture has occupied the 
same position ever since it was put up (Pig 65).

Traffic along Valhallavägen is very heavy.
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State
The state of the bust before its treatment in 1988 is not recorded, but 
according to verbal information received it had the usual green and black 
corrosion, with green upward-facing surfaces and downward streaking 
over black vertical surfaces.

The method by which the sculpture was treated involved treating of 
corrosion products with a packing of sodium hexametaphosphate (6% 
solution), which dissolves certain compounds in the corrosion products, so 
that they can be removed with the packing. The treatment leaves a more 
porous patina for further treatment. In the present instance this involved 
treatment with red potassium ferricyanide (6% solution), also in a clay 
pack. The solution reacts with the corrosion products and leaves a patina 
in which previously green areas have turned red.

This treatment is followed by saturation impregnation with silane. 
Finally the object is waxed with graphite wax, the reason being, we are 
told, that graphite is supposed to enhance corrosion resistance, but prob
ably also in order to conceal the transformation of the patina from green 
to red. All information about the treatments was verbal; there is no docu
mentation.

Purpose of the work
During re-restoration of the bust of Gustaf V, organic solvents and caustic 
soda solution were tried, unsuccessfully, as a means of removing the silane 
treatment. Prior to this work, information had been received from Josef 
Piihringer to the effect that the solution used for impregnation could also 
be used to break up the polymerised silane again. Although this statement 
is contrary to all received chemical knowledge, it was decided to test the 
method proposed.

Ethics and aesthetics
Questions relating both to practical work and to aesthetic and ethical val
ues were discussed within the sculpture restoration working party.

Remediation proposals were worked out by Jan Gullman and Mille 
Törnblom in consultation with members of the working party, and were 
subsequently approved by the owner.

Discussions and decision-making concerning the practicalities and end 
result of patination were greatly influenced by the patinator, Karin Wassberg.
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Preparations
The sculpture was conveyed to Gunnar Petterssons art foundry by BinSell 
Tunghantering AB. A detailed inspection was carried out, both externally 
and internally, as a basis for the final remediation programme.

Careful photographic documentation was compiled by Ulf Bruxe of the 
Central Board of National Antiquities before restoration work began, and 
also as work proceeded, until the sculpture was back in position. Some of 
the work was also video-recorded by Mille Törnblom and Jan Cullman.

A pack consisting of silane in a rag was placed on a limited area of about 
4 dm2 and covered with aluminium foil. Before packing, the surface was 
cleared of wax and graphite as carefully as possible, using organic solvents.

The silane treatment had no observable effect in the sense of dissolving 
the impregnated patina, or for that matter in any other sense at all.

As part of the preparations, the art founder, Gunnar Pettersson, contact
ed Carl Eldh’s daughter, Britta, telling her about the work that was 
planned and describing the intended result. She replied that she was fully 
satisfied with the work to be done and had every confidence in Gunnar 
Petterssons competence and in his knowledge of Carl Eldh’s intentions.

Cleaning work
After cleaning had been attempted, fruitlessly, with the non-polymerised 
monomer used for impregnation, mechanical cleaning remained as the 
only possible way of removing the graphite, which cannot be washed away, 
the silane, which is insoluble, and the red patina, which cannot be allowed 
to remain instead of the original green. The cleaning was done with a 
blasting technique, by the chaser at the foundry, Otto Suhajek. The pati
na which was present on the sculpture before the treatment which was 
now to be removed did not remain in its original form and, moreover, had 
been transformed, coloured red and bound by a water repellant polymer. 
This ruled out the possibility of cleaning the sculpture in the same way as, 
for example, with The Foster Brothers, i.e. by partial blasting so as to leave 
the copper oxide layer next to the metal surface intact and so as to leave 
the metal surface itself unaffected. Instead it was now necessary to clean 
right down to the pure metal surface, and even then it was very difficult 
indeed to remove all the graphite.

After cleaning the bust was patinated with potassium sulphide to a pale 
brown with a metallic lustre, and it was waxed with microcrystalline wax 
at a surface temperature of about 40°C (Fig 66).
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Conclusions and experience
Practical experiments in this work showed that a silane impregnation can
not be removed with the monomer used for the impregnation.

Otherwise no new discoveries were made compared with previous expe
rience from work on the bust of Gustaf V. But the experience gained on 
that occasion was confirmed.

Fig 66. The bust after restoration.
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LING
Otto Strandmans bronze bust of Per Henrik Ling (1939) was selected for 
restoration under the project “Measures to counteract the impact of air 
pollution on bronze sculptures in the outdoor environment”. This sculp
ture was chosen for several reasons. It had previously been treated by a 
method used at one time by the Stockholm Recreation Authority and 
including, as part of the final treatment, impregnation of the corrosion 
products with a silane which would probably be hard to remove. This bust 
was included because it was desired to test a method of removing the 
impregnation and, at the same time, it was desired to return all four busts 
at the Marathon Gate of the Stockholm Stadium to a condition corre
sponding to their original appearance.

Object
Sculpture: PER HENRIK LING, bronze bust, cast and erected in 1939. 
Height of sculpture: 100 cm approx.
Location: Stockholm Stadium.
Artist: Otto Strandman (1871-1960).
Foundry: H. Bergmans Konstgjuteri.
Owner: City of Stockholm.

The sculpture
The sculpture is a bronze bust cast in one piece and positioned close to the 
so-called Marathon Gate on Valhallavägen. It stands close to the brick wall 
but is not protected from the rain. The stone base is so high that the sculp
ture cannot be reached from the ground. The sculpture has occupied the 
same position ever since it was put up (Fig 67).
Traffic along Valhallavägen is very heavy.

State
The state of the bust before its treatment in 1988 is not recorded, but 
according to verbal information received it had the usual green and black 
corrosion, with green upward-facing surfaces and downward streaking 
over black vertical surfaces.
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Fig 67. Per Henrik Ling, before restoration.
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The method by which the sculpture was treated involved treating of 
corrosion products with a packing of sodium hexametaphosphate (6% 
solution), which dissolves certain compounds in the corrosion products, so 
that they can be removed with the packing. The treatment leaves a more 
porous patina for further treatment. In the present instance this involved 
treatment with potassium ferricyanide (6% solution), also in a clay pack. 
The solution reacts with the corrosion products and leaves a patina in 
which previously green areas have turned red.

This treatment is followed by saturation impregnation with silane. 
Finally the object is waxed with graphite wax, the reason being, we are 
told, that graphite is supposed to enhance corrosion resistance, but prob
ably also in order to conceal the transformation of the patina from green 
to red. All information about the treatments was verbal; there is no docu
mentation.

Purpose of the work
During re-restoration of the bust of Gustaf V, organic solvents and caustic 
soda solution were tried, unsuccessfully, as a means of removing the silane 
treatment. Prior to this work, information had been received from Josef 
Piihringer to the effect that the solution used for impregnation could also 
be used to break up the polymerised silane again. Although this statement 
is contrary to all received chemical knowledge, it was decided to test the 
method proposed. The test cleaning was performed on the bust of Colo
nel Viktor Balck, but this bust was included in the work because Balck and 
Ling stand on either side of the Marathon Gate on the outside of Stock
holm Stadium, overlooking Valhallavägen, and ought preferably to be 
viewed as a single composition.

Ethics and aesthetics
Questions relating both to practical work and to aesthetic and ethical val
ues were discussed within the sculpture restoration working party.

Remediation proposals were worked out by Jan Gullman and Mille 
Törnblom in consultation with members of the working party, and were 
subsequently approved by the owner.

Discussions and decision-making concerning the practicalities and end 
result of patination were greatly influenced by the patinator, Karin Wass- 
berg.
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Preparations
The sculpture was conveyed to Gunnar Petterssons art foundry by BinSell 
Tunghantering AB.

A detailed inspection was carried out, both externally and internally, as 
a basis for the final remediation programme.

Careful photographic documentation was compiled by Uli Bruxe of the 
Central Board of National Antiquities before restoration work began, and 
also as work proceeded, until the sculpture was back in position. Some of 
the work was also video-recorded by Mille Törnblom and Jan Cullman.

As part of the preparations, the art foundry master, Gunnar Pettersson, 
contacted Otto Strandman’s daughter, informing of the work which was 
planned and describing the result intended. She declared her complete sat
isfaction with the proposals put forward and said that as a girl she had 
been present at the unveiling of the sculpture. It was a bright summer’s 
day, and she remembered the golden-brown lustre of the metal.

Cleaning work
The cleaning was done with a blasting technique, by the chaser at the 
foundry Otto Suhajek. The patina which was present on the sculpture 
before the treatment which was now to be removed did not remain in its 
original form and, moreover, had been transformed, coloured red and 
bound by a water repellant polymer. This ruled out the possibility of 
cleaning the sculpture in the same way as, for example, with The Foster 
Brothers, i.e. by partial blasting so as to leave the copper oxide layer next 
to the metal surface intact and so as to leave the metal surface itself unaf
fected. Instead it was now necessary to clean right down to the pure metal 
surface, and even then it was very difficult indeed to remove all the graph
ite.

After cleaning the bust was patinated with potassium sulphide to a pale 
brown with a metallic lustre, and it was waxed with microcrystalline wax 
at a temperature of about 40°C (Fig 68).

Conclusions and experience
No new discoveries were made compared with previous experience from 
work on the bust of Gustaf V. But the experience gained on that occasion 
was confirmed.
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Fig 68. The bust after restoration.
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