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1 Introduction

ISSUES AND QUESTIONS

In my professional perspectivethe metal arts and the making professibns
patination is one important method among others. It is important both as
professional expression related to metal art as well as in terms of the quality
of art and its aesthetic dimensidnas a faculty member of The Oslo
National Academy of the Arts (KKdl), where among other competence
areas, | am responsible for technical courses related to artistic expression,
including treatment of metal surface characteristics, such as texture, colours
and patterns. As a metal artist working in the field of appliedwar art
pieces usually involve colours on the surface, understood as patiation.
Some of my works have a patinated texture while other objects create their
basic artistic expression through their patterns and the colour dimension. In
the situation oboth my art practice and as a faculty member, it is in my
interest to research alternative methods and techniques related to my practice,
including patination of metals which oxidise easily, mainly red metals like
copper and brass. In the context of ad architecture, patination is a
chemical surface treatment resulting in different oxides appearing as layers of
colours fused into the surfaces.

In this thesis, | will focus on the relation between metal surfaces and
patina in the context of metal art, thitut any art discourse on artistic aspects
and as the main research project: compare microbial patination methods
compatible with art and science for colouring metals without the use of
synthetic chemicals traditionally employed in patination.
Another impatant perspective in this thesis is the interdisciplinary crossover
between art and science that resulted from the use of natural science methods
in the field of art, during a cooperation between natural scientific researchers
and myself as an artist. Commi ng my scientific supervis
my nonscientific but artistic way of solving the microbial patination task,

! The connection between art expression, colours related to doaraesthetic problems will not arise in any
discussions in this thesis.
2 See Appendix for pictures of my artistic work.
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produced interesting results, developed by the differences in our way to
reflect and communicate through methddhat is importanteen through

the eyes of a researcher in the natural sciences might not be of interest at all
for an artist, and vice versa.

The traditional chemical method for patination of art objects made of copper,
brass, or bronze involves several types of hazardodslangerous chemicals
and strong etching acids, which must all be used in order to succeed.
Chemicals are rather expensive to procure and often impossible to buy in
small quantities. More important, this process of patination can be very
dangerous and is important to follow safety precautions.

Apart from the danger of exposure to poisonous chemicals during
practical work, there are several additional aspects, which make patination
difficult. In practice, artists only use a restricted range of patiaucs, just
because of technical difficultness. First of all, beside technical problems with
patination, there are very restrictive rules for buying, storing, and handling
different acids and chemicals. Nawstitutional artists or ordinary people
cannotbuy a number of chemicals even for artistic use. The reason for this
restrictive attitude is the risk that such chemicals can be used in forbidden
and negative operations, like production of explosives. The political aspect
indicates further restrictionsxahemicals in the near future, based on
constant fear of terrorism. Furthermore, an ecologically important aspect of
the current patination method is the generation of waste products from the
chemicals after finishing the patination process, even if tiaatities are not
large. This chemical waste is harmful to nature and must be taken care of in
accordance with safety regulations. Waste chemicals must be handled with
care and deported for safe destruction by professional firms. Such destruction
presentsan extra cost for the artist. All these aspects are negative for artists
working under limited conditions in small workshops with little equipment,
which is the reality for most artists who have their own small studios or
workshops.

In view of this backgvund, | have set out to find alternative and equivalent
methods for patination of red metals by the use of microbial treatments by
decomposing organic materials in contact with metal surfaces. The research
includes only copper and brass, because both snatalin constant use

creating art objects, and oxidise easily. Such new methods should be less
expensive and should generate no or minor hazardous environmental impact
by using nompoisonous ingredients. Ideally, new methods should be easier to
use whilestill providing the same versatility for obtaining patina on a metal
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surface. Such a new method or methods would be particularly important from
the point of view of education and in teaching situations.

iGreen chemistryo

Since my project aims to use rohemical patination methods to create
oxide colours on metals for creating art, even on a sseale use compared
to industrial production of different or similar products, it is of interest to
explore the concept of green chemistry, as expressed bystheand
politicians. Green chemistry denotes chemical processes carried out by
methods caring for the environment and for ecological aspects.

As green chemistry seems to become a more and more concrete concept
in chemistry worldwide, politicians and sctets in both the USA and
Europe made a statement and a mission: Green chemistry involves
fundamental understanding of chemistry on the molecular level, and aims to
create ecologically acceptable products and processes through innovative
chemical technoldgs that reduce or eliminate the use or generation of
hazardous substances in the design, manufacture, and use of chemical
products.

As ecological aspects are important in the context of the industrial
chemistry on which our modern society depends, sumb@tological
chemistry is taking a stand. Green chemistry involves ecologically based
research for the future. Without chemistry, the constant improvement of
living conditions and duration of life during the last 100 years would have
been unthinkable. Bt chemistry has a rather unpleasant reputation.
Pollution of nature and related ecological problems are associated with the
concepts of chemistry, chemicals, and chemistry products. There is indeed a
very truthful apprehension about these problems. i dazing serious
ecological concerns that must be solved, but there is no doubt about our
dependence on chemistry to solve these environmental problems.
The chemistry of our age has its roots in ancient alchemy. Recipes produced
describing procedures fproduction of metals and its alloys and
medicaments are still available from ancient China, Egypt, and the rest of the
Arabic world. Through the occult and mysterious alchemy, a rational and
scientific understanding of the substances in our surroundaggdaped
during the18th century. This result was a fundamental understanding and
practices that built the chemical industry.

In 1856, the 18earold W.H. Perkin accidentally produced the first
synthetic colour pigment. He realised the significance oflisisovery and
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started commercial production of this synthetic pigment. This incident is
presumed to be the beginning of the organic chemical industry.

Greatly simplified, the history of the chemical industry can be described as
three industrial levels:

- First level: Industrialisation including pollution
- Second level: Ecologically based industry
- Third level: The future: green chemistry

First Level

The first industrial level is based on the epachking developments in

academic chemistry dimg the 18th century. During this time, industrial

methods for production of colour pigments, housekeeping products,
pharmaceuticals, synthetic fibres, fertilisers, rubber and plastic, and many

more products, created a development of prosperity. Comparedbtur t i me 8 s
ecological demands, there was no ecological awareness of pollution of the

natural environment. The common opinion about the Earth was her never

ending resources of raw materials, and she was at the same time capable of

storing all industriallygenerated waste. This industrially generated waste

found its way to the atmosphere, groundwater and soil without any form of

cleaning processes. Over time, the damage caused by this practice became

visible in nature and its environment. The publicatioRa& ¢ h e | Carsonoés
|l egendary #ASilent Springod in 1962 |l ed to
problems resulting from accumulation of synthetic chemicals, for example

DDT, in the soil environment. Protection of the nature and the environment

against pollutiorwas established.

Second Level

Suddenly there was a change in tolerances of industrial pollution in many
industrialised countries. Authorities became less tolerant of pollution caused
by industrial production. Chemical industries were given strong cgstig

relating to the kind and quantity of waste that could be spread out in the
natural environment. This resulted in increased efforts by the industries to use
clean production methods; some industrial companies have even become
ideals for environmentadrotection. Unfortunately, this important change has

3 Definition: green chemistry is the application of prineipteducing or eliminating use generatiomf
dangerous chemical compounds in context of design, production aeetiofil of chemical products.
4
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received surprisingly little notice; chemistry seems to have a bad reputation
among a great part of the population.

Third Level

After the Brundtland Commi ssionébés report
public together with political actors established an understanding of the
necessity of industrial development. This resulted in new principles for active
chemistry. Paul T. Anastas, working at the White House on Science and
Technology Policy (OSTP),introdecd i n 1991 the new conhcep
Chemi stryo. Anastas and his colleague Jo
principles as cornerstones of Green Chemistynong some known as
AiChemi stryds Hippocratic Oatho. These pr
andsbul d be a part of every chemistds way
the future might wonder why these principles were not established earlier.
In short, the first of these twelve statements expresses how easy and
preferable it is to avoid producing wagte@ducts, instead of taking the
trouble to handle waste products in the future. The eleven statements that
follow are expressed through chemical processes, which must be atom and
energy efficient, only use renewable resources, and avoid using toxic or
dangerous chemicals and solutions, while the chemical products must be able
to decompose and recycle in the environment (See appendix).
Green Chemistry is based on a fundamental understanding of chemistry on
the molecular level and creates environmentallynftig products and
processes. When these principles are in operation, a change of paradigms will
occur in the chemical industries, leading the way to the third level.

Traditional chemistry produces a great lot of wastes, dangerous or not.
Chemicals produakin large quantities, for example by petrochemical
industries, generate less waste per kilogram product, but the huge volume of
products generates loads of wastes. Special chemicals produced in small
gquantities, like pharmaceutical products, create lgtgmtities of waste (100

kg waste pr. kg product is not unusual). To make it possible to destruct such
huge quantities of wastes, chemical reactions in the production process have
to be atom efficient: All atoms in chemical components reacting with each
other in the production process must be part of the products. This method is
quite different to additional chemical reactions used in production of special
chemicals. Usually, only small parts of the reacting molecules end up in the
product. Eventually, unaidable byproducts will have to be harmless, for
example water (H20). By use of 100 % efficient catalysers, it is possible to
manufacture in this way. Catalysers are chemical substances working actively

5
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to accelerate a chemical reaction without being woresl. Only small

amounts of catalyser are necessary to create large quantities of planned
products. By use of a perfect catalyser as an important and necessary reagent,
it is possible to utilise raw materials 100 % efficiently in transformation to

the plamed products by atom and energy effective processes. Another
problem, beside the huge quantities of wastes related to ineffective traditional
production processes, is that chemical reactions generateskzalgewastes

of organic solvents and hazardousdhiu At present, organic solvents are
necessary, but usually create pollution of the nature because of their liquid
nature, and they remain in the atmosphere. Researchers working for green
chemistry aim to create and develop a new generation of solvehtauwi
damaging properties. Among such new compounds being developed is
especially supercritical CO2 and promising ionic candidates, already in
commercial productiarf

1.1 THE ART PROFESSION

Artists have to decide on the principle for making art, how tcsfoam the

abstract idea into a concrete making action in terms of which process to
follow, based on the intention to develop the specific design or artistic
expression, and of which materials and what techniques to use. To succeed, it
is important to mastehe relevant techniques. It is important to have

knowledge of and master all materials involved in the process. Such control
demands a high level of knowledge as well as disciplinary competence in the
respective professions involved. This is the protesdi problem the artist

needs to solve.

Being myself a professional metal artist, my artistic theme throughout my
career has been to develop new techniques and material combinations in
order to create art with a wider perspective, also in order &decomlours on
metal surfaces. A very important aim is to make my experience available for
art students and artist colleagues as well as for general artists. From my point
of view, then, | think it is important that artists have a high level of technical
and material knowledge, enabling them to produce abstract ideas in a
concrete form. This is particularly important in my artform dealing with
metals. The artist has to be the master of the metal in order to control and
force the material to the desired farm

‘Refermce fompmisti tute of Chemistry, University of Oslo, and
Governnent, Environmental Protection Agency, http://www.epa.gov/greenchemistry/index.html

5 Schgn Donald; TheReflectivePractitioner, London, Tempelsmith, 1983

6



MICROBIAL PATINATION OF COPPER AND BRASS

1.2 THE BASIC RESEARCH

With regard to the making professions, one aim is to use scientifically and
methodologically sound research to discover a method for patination based
on untraditional combinations, methods, and technidugsrting a research
project in the tradition of art, but related to the natural sciences, initiated an
informationseeking process. During this process, it was impossible to find
similar research projects spangitihese two disciplinest was difficult to
formulate a scienfic question on which to build the research. A survey of
previous research uncovered a meagre theoretical field related’tdart.
discern, understand, and follow other relevant researchers it is necessary for
individuals to establish a theoretical urgtanding and intuition adjusted to
the field of art.

To create a scientifically sound research project in the making
disciplines, specification of the research methodology is required. From a
scientific point of view, the chosen methods should produceuregals,
replicable, and credible results, undisputed demands in scientific
communities. The choice of methods makes hypotheses verifiable through
experiments with exact observations, documented by both figures and
measurements. Through methodical use pkexnents, it is possible to
describe research processes, and show how the basic research problem can be
solved in a practical way.

1.3 KNOWLEDGE GENERATED FROM
UNORTHODOX TECHNIQUES

Curiosity about different possibilities in a context of working with ar

methods or techniques from other disciplines entails consideration. The

reason for such interest is the professi
to express art and to create new artistic methods.

Exploration of methods or fields of knowledge frother or similar
professions for use in the artistdés own
development. It is not necessary for scientific research but still very relevant
for the development of an art field or discipline, since it represents
untradtional use, and gives a wider range of possibilities for the artists. A
practical example for such innovative and untraditional use is anodising
aluminium. Anodising aluminium is basically used in industrial production in
the context of colouring the suda of aluminium. In 1983, the possibilities
of this technique became interesting for use in metal art and education, and

® Related tahe Green Chemistry statements
"By art | mean art as a whole with substructures baseahaterials and techniques as well as form.
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the electrolytic technique was applied to art. At the time, this technique for
colouring aluminium, and the use of an untraditionalainigt create art, had
not been previously used in Norway.

For me, new knowledge is generated as a result of asking questions based
on professional artistic problems. This has made me undertake this inquiry
and it forms a cornerstone of this research ptojHue quest for knowledge
will always be a personal motivation for me, and this quest resulted in this
specific research project, precisely as a way to connect unorthodox methods.
So, | started to investigate different possibilities to oxidise metails. Is
possible to create new methods for patination on metal surfaces, based on
harmless ingredients and practicable techniques? Is it possible to create oxide
colours similar to those created by the traditional patination methods? Can an
unorthodox method beeveloped to control the process, in order to create
specific oxide colours?

As always, coincidences lead to strange observations and discoveries. As a
metal artist, | always like to do research on incidents related especially to
metal surfaces and texteu After a fishing trip, my curiosity was woken by
such a coincidence. | simply forgot a fish on a workbench made of stainless
steel. In this particular room, the temperature and humidity was constant
during the storage time. | returned after 3 monthsveimat | discovered
surprised me a great deal. On the place where the fish had been, there was a
big hole through the stainless steel and through the wooden bench
construction below. The decomposition of the organic material created acids
so strong that staless steel did not withstand them. An organic material
decomposing in contact with metal obviously made a reaction and was
transformed into several chemical substances during this process.

The incidence led me to the question of natural patination tdlspas they
appear in contact with air, water and clay, used by artists from the early
discovery of metals and aiming to create colour patterns on art pieces.

Traditional patination methods:

1. The natural method of letting the atmosphere work on #talrsurface to
create uncontrolled oxides without use of any admixture

2. Burying the metal in soil and letting time and humidity work to create
oxides in an uncontrolled manner

3. Heating the metal over a fire and cooling it in cold water until a colour
occurs in an uncontrolled manner
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4. Covering the metal with one of the chemicals in daily use in a closed
atmosphere (in a sealed box), until an accidental colour occurs on the surface
of the metal

5. Using the chemical methods giving specific colours kyafrpatination in

a controlled manner.

In view of these five possible methods of metal patination, | have conducted
series of experiments to investigate in practice and make samples, in order to
reach an understanding of the processes invofMdaking a series of

samples using the first two methods produced unsatisfactory results. It

proved impossible to control the patination process with these two methods,
and they did not result in the intended oxidation colours with any degree of
precision. Patinatins by heating or in the air were rejected as methods of

little interest, grounded on few possibilities to control the patination process.
From old recipes and statements from other metal artists, | found that
ffeveryday c¢hemical sdiferdntidishevaskingtiogigsar , t abl e
and even juice and fruits have been found to have certain oxidising effects on
copper and brass. Red metals, copper and copper alloys, are very reactive and
respond after relatively short periods of contact with reactivenicads. In

order to design the project with a limited number of metals, the test sheets
were only based on copper and an alloy of copper and zinc, brass. When
experimenting with different kinds of organic materials, | started to wonder
what happened on theetal surface while the organic materials decomposed
over time. By methodical research using test sheets of copper and brass in the
decomposing processes, in controlled atmosphere and environment

(humidity, temperature and time), a series of reactionkldmiobserved and
catalogued® During these experiments, a kind of biological coating or
microbial oxidefilm formed on the surface. This surface coating occurred as

a thick layer, similar to the layers formed by the use of chemical

treatments?

1.4 THE SPECIFIC RESERCH QUESTION
i OBJECTIVE AND OUTLINE OF THIS STUDY

These simple initial experiments showed the possibilities of letting biological
processes on a metal surface create various colours in the form of oxides. My
journey to discover patation through organic treatment on metal surfaces

had begun. Suddenly my thesis started to concretise specific research

8See chapter,5i Pi | ot project o
9Microbial oxidefilm: thin layers of oxides on metal surfaces occasioned by bacterial decomposition.
10 A thick layer in this context is from 0.1 to On3m

9
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questions: What kind of biological process can possibly start a reaction in
contact with metals and what colours can be expected to wcthe patina
during the process? Can this process be a new method to create the same
variety of colours on metals as traditional chemical patination? How can I, as
an artist, do research in an unknown discipline and in a field unknown to me
i microbiology? Furthermore, is it possible to explore the patination of
copper and brass for using methods and research criteria from the natural
sciences, in terms of quantity and quality to satisfy artistic demands? One
criterion from the natural sciences wouldthat results are scientifically
repeatable. Would I, not being a microbiologist, be able to control such
methods?

1.5 THE GENERAL HYPOTHESIS

I claim that it is possible to do interdisciplinary research on patination of
metals on the conditions of thesrivhile using microbiological methods. In
this context, the artsds own conditions
environment, a lack of laboratory equipment, but still yielding acceptable
results.

Microbial patination is a new concept for colouring metalEhe term
conveys that it is a different method of oxidising metals than the common
chemical method, and relies on untraditional methods related to biology
rather than chemistry, although the process creates reactions and reagents
similar to chemical proases. When bacteria decompose organic materials,
they transform ingredients into acids and other chemicals, as they use the
material as nutrients.

Within the experimental part of this project, | searched for an alternative
method to oxidise metal surfacesing micreorganisms in the process of
decomposing organic materials like carbohydrates and proteins under aerobic
conditions.* The result of these reactions was to be comparable to chemical
methods with references to colours, and in the ingrediectsig in the
microbial oxidefilm on the metal surface's

1 After thorough invetigations, the term Microbial Patination does not appear in any circumstances in any

lectures or literature or by the searching tool World Wide Web

The closest term found: Rel ated bacterial research projec
Geomicrobiology, ICBM, Carl von Ossietzkyniversitat Oldenburg, wek@uoidenburg.de.Web:

The bacterial growth on the marble caused a bright orange colour to appear that resembled the colour of the

microstromatolitic patina of many Mediterranean (akees.fi/opencms/ja./8.KrumbeinPatinaHelsinki2.doc)

2 Experiment 1 (chapter 6.1) describes facultative anaerobic results dhgtetemposition on test sheets

13 Test sheets: sheets measured and cut for testing different patination processes, 250mm,X05nm

thickness, copper and brass with Norwegian standard
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1.6 THE RESULTS ANDAIMS

My research in this interdisciplinary field creates and promotes new methods
for metal patination by microbial treatment. Furthermore, | hope that this
project will have an impact on other research groups working with
microorganisms in the context of metals, for example in food preservation.
Next, | hope researchers in the natural sciences can use my artistic way of
understanding the biological environment. Which bdatcan survive in
microbial oxidefilms on copper, when copper and its oxide are poisonous for
living organisms? | believe researchers in the field of food conservation
would find the diversity of species interesting. Medical equipment research
groups atJlleval University Hospital, Oslo, are investigating the effect

copper has on bacterial environments, aiming at designing antiseptic surgical
benches. Finally, | hope that other artists will be inspired to do research
within their own profession, and toake their knowledge available both in
words and in artworks'

The project aimed to:

A) Patinate metal surfaces by microbial treatment without using
poisonous chemicals

B) Observe and classify the bacteria active in the decomposition on test
sheets as aacately as possible

C) Understand and describe how scientists work in terms comprehensible
to the artist and related to my practice

D) Contribute to the development of an interdisciplinary dialogue
between art and science (by providing concepts and nmatimd.

e Boyer, E.L.: Scholarship Reconsidered. Priorities of the ProfessorRtiaceton, N. J: Foundatioorfthe
Advancements of Teaching, 1990
11
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2 Research in the professional field

Development of knowledge is a fagtowing activity in our time and society.
Changes in society constantly create new problems and new possibilities. The
borderline between the objectivity of the scients 6 r esear ch and t he
subjective, emotional expression of the arts is not as sharp and clear as might
be thought. In our time, we acknowledge even subjectivity and aesthetic
dimensions as driving forces for science. As an example, The Tissue Culture
and ArtProject by Orion Catts (1996) was set up to explore questions arising
from the use of living tissues to create/grow séwing objects/sculptures
and to research the technologies involved in such a'faskthe same time,
art is moving in the directioaf science and research. Therefore, there is a
need for and a challenge to create cultures where art and science can
cooperate in a rewarding way to employ the best aspects of both traditions.

The art and design professions have traditionally been dedimed
humanistic disciplines. Traditionally, art, design, and their products are
research objects for the philosophical and historical professions, while the
disciplines of the arts, the art and design professions, are making disciplines
comparable to arcldtture and industrial design. However, architecture and
design as disciplines cooperate with the natural, technological, and the social
sciences. So should art. When the architecture, design, and art disciplines set
out to develop aroam éeémtei iinci demmwmi ttyhefif
there was a need to define their own tra
product o perspective, not traditionally,
AiThe making perspectiveo héssmanshipadi ti onal
based on tacit knowledge, without any theoretical framework or reflection.

15 Tissue engineering promises to replace and réyoaly organs but has largely been overlooked for artistic
purposes. I'n the |l ast 7 years, heiagthobjechayve dryownltiug
cells on artificial scaffolds. The goal of this work is to culture and sustain forplernigds tissue constructs of
varying geometrical complexity and size, and by that process to create a new artistic palette to focus attention
on and challenge perceptions regarding thésdtiibn of new biological knowledge. Oron Catts, School of
Anatomyand Human Biology, University of Western Australia.
13
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The result of this state of affairs is the fact that some of the making
disciplines have no real tradition in performing scientific studies, and in
following the scienfic development in society. Similarly, scientific
communities have no expectation of discovering research and innovation in
the art and design communities. Therefore, one aspect of this project is
related to the crossover between different professionsvelap innovations.

In this case, focus is on the art profession in combination with scientifically
based processes and the development of art based on criteria or assumptions
employed by the natural sciences to solve scientific problems. In this thesis,
the crossover between the art tradition, with its methods, and the natural
sciences and their research is therefore explored. When artists use the
scientific approach in an untraditional way to interpret practical problems, the
solutions are usually rathdifferent from those of the scientists.

An example of such untraditional crossover between art and sciences is
indeed the hairless mouse with a human ear growing on its back. Dr. Charles
Vacanti at the University of Massachusetts wanted to give a ldflents ear
back, after an accident in which he lost his ear. Dr.Vacanti contacted an artist
working with modelling clay sculptures and asked the artist to make a model
of the boybés ear in biodegradable moul d,
ear was overed by human cartilage cells and transplanted on the back of a
hairless laboratory mouse. The capillary blood veins of the mouse made the
cells grow and eventually replaced the fibres of the mould, in the shape of the
modulated ear. When the growth wiagshed the ear was transplanted on to
the boys head. The whole world was crying out about genetic modification of
humans when the picture of the mouse with the human ear on its back was
published. However, in this case, an artificially made ear wasecr&at
biological and medical methods. Both the mouse and the boy lived quite well
after this experiment, which opened for new possibilities for growing body
parts.

Microbiologists might not show much interest in the colours appearing on
a metal sheet durgna microbial process, but want to investigate different
reactions caused by bacteria in the microbial ofilde Artists, on the other
hand, might want to solve the mystery of microbial colouring on the metal
surface for use in a creative art processs Example illustrates the
difference between the use of knowledge in the different disciplines;
biologists search for what course the process takes, while artists want to find
practical uses for the results in their creativity.

The fields of art and theatural sciences represent two different categories of
experience and understanding. Art produces art without a conscious
connection to scientific research and is not part of the tradition of science; art

14
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historians have traditionally apprehended art difieally as a research
objective. Biology has a place in the tradition and professional methods of
the natural sciences. When exploring the field of biology in the process of
creating art, art and biology meet. In fact, art and biology have some mutual
professional traditions as well as institutions, and patination can be seen as
one example of these traditions

2.1 THE MAKING DISCIPLINES

Working with art in the context of scientific research is based on a
methodology that is related to both theoretaradl practical knowledge,
skills, and, in some cases, intuition. Intermingling scientific research and art
can as an example be illustrated by Goet
scientific answer to the questilon fAwhat
use of such knowl edge. However, it is 1in
borderlines between theory and practice begin to intet$Bgtreflecting on
the fAdoingd process, a theoretical struc
empirical process in researchisitpossible to discover and generate theories.
By elaboration, it is possible to make theory from knowledge in action. An
effective means of renewal is to seek new knowledge both theoretically and
practically by working within specific professions to geatera crossover
between the professions.
Professionals in the making disciplines can face problems when
their practice demands doing research in order to be succEsafuén there
are unsolved probl ems of esseatists al char a
have to carry out research themselves. Although this approach is demanding,
the artists will become more professional as they increase their understanding
of the problem. Research provides artists with a theoretical foundation,
concepts, and a sciific language, making them able to formulate their
intentions and arguments for their art practfte.

2.2 ART AND THE RESEARCH TRADITION
When art and architecture in particular cases wish to become scientific

disciplines or hope for the prestige of saie, it is necessary to collaborate
with the scientific society. They want to build their own scientific culture in

6 pyg David: The nature and Art of Workmanshipxford universiy press, p58, 1968.
" The Making Disciplines is a subgroup of art profession. Medicine, a major profession, is grounded in
systematic, indamental scientific knowledge (Schén, 1983, pp 23)The making disciplines arise from
making practices, like architecture, and find their identity in the interplay between theory for practice and the
exercise of the theory (DunWoyseth, H, 1995)
8 Booth, W.,Colomh G.G.,and Williams J. M.:The Craft of ResearciChicago Guides to Writing, Editing
and Publishingp. 49, 1995.
15
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their particular fields. As disciplines, art and architecture were not founded
on scientific theories. Disciplines have to be grounded ih tieory and
innovation, in a methodological system. By making such a move in the
direction of the sciences, one of my goals was to establish a platform in
relation with higheflevel education, or more specifically, a possibility to
create PhD projectslaged to the making disciplines. The development in
Europe today is to acknowledge coexistence between art, design, and

architecture, and the respective discipl
scientific thought, even if art and architecture are Istifically non
scientific. Such an approach develops th

documented knowledg@ Art in terms of science and theory has been
discussed through all time, with a lot of disagreement. Art as exceptional can
be understood and perienced as an emotional dimension that does not
necessarily need documentation, or is documented &5 art.

Art historians traditionally researched on the art discipline on the basis of
artpieces, and were critical in their understanding and accepthtiee o

di sciplinesd own | aunch of documented kn
Some critics have problems accepting tacit knowledge of the disciplines as
phil osophy. The reason for that is that

necessarily well articulatl, existing only through practice.
2.3 SCIENCE AND THECROSSOVERS

The basic thought behind the crossover idea is that creative and innovative
forces are applied from different angles by the different professions to create
common results, important fatl participants.

Art in ancient times was often created by knowledge systems based on the
condition and techni quéPatimafiondashreartisci ent i
expression was in common use, and ingredients from patination processes
were used tonake cosmetics and medical products. This shows a multiuse of
the chemicals of the time. Through the centuries, artists carried on their
profession, and the history of art shows the developments, while the proto
scientific component gradually developedanomy through alchemy and
drifted apart from the cexistence with ar?

9 The interplay between theory for practice and the exercise of they tlagar the grounded theory (Dunin

Woyseth,H, 1995).

20Lundquist.]erkej AiLook to the difference between artistic experi
lecture at The National College of Architecture, Oslo 15.11.1998

2 Science is a modern or new conceptancient times the concept was mareaccumulated knowledge, a

kind of protescience.

22 The alchemists have the honaitbeing considered as tHeunders of chemical theorieand made the

profession scientific through methodological experimenting and documenting the results.

16
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To shed light on art and science crossover will necessitate reviewing all
empirical data and historical material connected to metal patination, based on
the multiplicity among disgiines involved. Traditionally, technical
developments led the way in medicine, engineering and chemistry; so also in
the field of art.

In such mentioned crossover curiosities, the results and applications can
be most surprising. Use of bacteria is tradiélly most common in food
production and conservation. Use of fungi in fermentations to make alcohol;
addition of lactic acid bacteria to milk for different purposes; and controlled
bacterial fermentation of fish for food conservation are but a few exsnopl
bacterial treatmeffAl e x ander Fl emi ngdés discovery t
metabolite, penicillin, could be used to treat and heal dangerous bacterial
infections, is of course the most famous examplhis discovery amazed a
whole world also because it chathour way of looking at and curing
diseases. The reason for such reaction was of course the simplicity of the
solution of a very dangerous and serious health problem. Moreover, the
solution was discovered by a coincidence.

Looking forward to our time, @togical awareness started a process of using
biological solutions in order to avoid negative ecological reactions. A very
simple but common and important example is the method of decomposing
garbage to get soil. Today, such composting of garbage in noanyries is

a big industry and an economical resource rather than a problem. This simple
beginning of working towards a more sustainable environment started
research projects worldwide trying to solve problems of pollution.

For instance, such researckulted in a positive environmental influence
connected to mining copper. Traditionally, copper mining has a very negative
influence on the environment due to the huge use of energy, pollution of the
ground water reserves because of the use of cooling e@itaminated with
copper (copper is poisonous material), and physical encroachment.
Researchers discovered that bacteria were living on metal surfaces,
transforming the metal into an energy resource. The most surprising aspect of
this discovery was reveald by electrolytic analyses of the bacterial solution
after the culture has consumed the copper. The electrolysis process yielded
pure copper when anodising the mixture. Consequently, mining in
ecologically exposed areas could be performed by drilling lpges, which
became filled with the bacterial mixture. After a period, the bacterial soup

3 R &isko, a Norwegian tradition of food based on controlled decomposition of raw fish, naturally occurring
bacteria.
24 Fleming,Alexander was a British scientist whiscovered penicillin in 1928

17



MICROBIAL PATINATION OF COPPER AND BRASS

has Aeatend the copper, and by applying
to retrieve pure anodic copper.

Anot her example invol h&bacteriaeanbeiused ogi st so
to control oil pollution at sea after catastrophic shipwrecks. The treatment

involves spreading bacteria over the oil spill and can drastically reduce the

damage to the polluted areas. This specially grown bacterial culturesuse th

oil as energy, and the organic waste character is recycled. When first

published, this was regarded as an untraditional method, compared to the

usual mechanical method of skimming the oil from the sea surface. The

ecological aspect is important when depéng new methods for such

environmental problems.

Similar scientific progress involves the use of microorganisms in organic
farming to replace hazardous chemicals used to kill fungi and insects harmful
to the growth of vegetables and fruit. Insect pastsoften specialised to

attack specific plants. Research discovered microorganisms that were the
natural enemies of these insect pests. These microorganisns could be cultured
and applied to the plants or soil, to reduce the population of the targeted
insect.

Through the centuries, art and science have not been considered as
equally prestigious. Innovation through crossover can hopefully over time
turn this opinion. Science was not until late 1600 established as a concept,
ter med fAnat ur aasedohexpeonems Before that tnek, b
natural phenomena were tentatively explained by referring to the true
finatureso of the different substances in

As itis, art and science have a great deal in common. Both opsnirttie
to new ideas and inspirational thoughts. Both the artist and the scientist are
creative persons. Their materials and points of departure are different, but
cooperation can fruitfully give insight and visualise complexity.

I want to show examples obtw illustrating and drawing artists have been
cooperating with scientists. Scientists have always used pictures and figures
to illustrate. lllustrators intend to light up, elucidate, and give light to a
context, which is not easily visibfé The illustraton provides details and
insight into the scientific problem. In the context of for example the
professional study of anatomy, these illustrations were important. Surgery
seems to be highly difficult to describe by words alone.

I will try to describe diffeences before and after the influence of artists or
art methods. The Roman doctor Galenos (28Q) described in an
authoritative thesis how to heal and cure wounds and diseases. This thesis

% Hofseth, Dag og Guttormsgard, Guttorimasikt synlig Universitesbiblioteket i Oslop 2,2001
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was considered to be the absolute truth among average peopladvho h
possibility to agree or disagree since few or none were able to read.

His authority and knowledge were only stated by words.

Mondeo de Luzzi (1278.326) may serve as an example of how
illustrations could have a positive influence. He was a Bologmignor
working in 1315 with dissecting human bodies to understand the science of
anatomy. In 1316, he wrote the first European essay on anatomy. This essay
was printed as a book in 1479 and was used for the next 200 years. Example
(copy) no. 40 was printeid 1480, and in 1491, the book was illustrated with
pictures. In the beginning, these pictures were still illustrations guiding the

text; the text, which was at the time understood as the absolute truth, referred

to the Roman doctor Galenos. At first, teet described how nature and its
phenomena should be understood, like a map telling how the terrain should
be, with words describing anatomical form or appearance. When did the
turning point start, when did the terrain start to speak for the map? When di
the illustrations begin to describe by artistic methods the actual scene in an
anatomical lecture?

Leonardo da Vinci (14521519) is one of the most famous examples of
being both artist and prot&cientist, and illustrated different processes as
realistcally as possible useing the illustration techniques known at that time.
Intense observations and correct drawings ensured the accurateness of the
motif, and made later scientists understand the reality and professional
importance of his work. In his moftmous works, he appears as an engineer,
technician, pathologist, physician, and artist through his drawings and

paintings. In addition to these professi

with alchemy. Alchemists were the founders of modern chemisttiiess
methodically described and proceeded in manners similar to those of modern
science. Alchemists showed the importance of documentation of their
discoveries, also by the use of artistic methods. By the use of untraditional
methods in the different pre$sions, theories were revealed leading to
changes in the specific discipline.

The anatomist Andreas Vesclius (151864) had a problem. He wanted to

print a new copy of Galenosbés anat omi

dissecting human bodies and usesidyes well, both when reading and

during dissection. He di scovered that

in terms of practical application.
anatomy and surgery were wrong. When he later published his own
illustrated book on anatomy, he was confident that his own theory and his
observations were completely accurate. The eye had won over the written
word.

He

cal

Ga
re
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Art is of course one among many disciplines appearing in an interdisciplinary
way. As an example of intéisciplinary combinations of theoretical and
philosophical works with practical artwork, Haeckel is a special case. Ernst
Heinrich Haeckel (18341919) was an eminent German biologist, naturalist,
philosopher, physician, professor, and artist. Haeckel naineersands of

new species, mapped a genealogical tree relating all life forms, and coined
many terms in biology, including phylum, phylogeny, and ecof8gy.

Haeckel promoted Charles Darwinds wol
developed the contheocrysi al amireg aphatul an
i ndividual organismbés biological develop
summari ses i ts s pagdavadopnient, oepmyiogenye ev ol uti o

dontogeny recapitulates phylogeny. 0o
Interdisciplinarity seems to be an important aspéwn studying
similarities between art and science. Crossover cooperation between art
practices and science is particularly well established in the USA and
Australia, where art exhibitions from such cooperation are well documented.
Ever since the 1980s, esgal groups organised in crossover methods have
practiced art and science projects with very interesting results, both
artistically and scientifically’ In one particular group, SymbioticA, teams of
technicians, biologists, surgeons, and artists dealdiffiérent artistic and
scientific problems by using the crossover knowledge from their respective
practises. An artist is most probably, when dealing with a specific problem,
using a different technical solution or approaching an area differently than a
surgeon or a biologist. A biologist probably experiences a different fiction or
reality when dealing with engineering art than the engineers themselves.
From the artistsd point of view, they re
can influence new artistiways of expression.

In relation to this thesis, such alternative effects can for example be industrial
techniques employed for a particular purpose. The artists may want to
discover new ways to use different materials related to art. Ideally, they want
to use materials that have never before been used in the art tradition. This
situation reflects the way artists use innovative possibilities to grow or
improve in their profession by using other and different methods and

applying them in an untraditionaltestic context. By inquiring for such ways

and by using theoretical and practical analyses, crossover curiosity
contributes to stretching the borderlines between what is a shared ground in a
completely new area.

% Haecke] Ernst:Kunstformerder Naur, Macmillian Publishing Edited, 1871904.
2" The art and scieneg r o u p O-Gheupi Bambi oticao with participants from
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2.4 BIOART

BioArt,”® as the institute isamed, offers people a chance to approach the
field with creativity and experimentation, where they are free to use any tools
available to create work that expresses their vision. BioArt, according to
statements by academic staff in the department, canytleiag from images
captured on a confocal microscope to a watercolour painting on canvas.

When relating interdisciplinarity to the present situation, | claim that the
borderlines between the different disciplines in many connections are unclear
and unimprtant. In the last years, artists and natural scientists with different
background have cooperated to create art projects.

Bioart can be comprehended as a rather broad term, referring to any kind
of art that has been inspired by biological elements oclwimakes use of
biological concepts in the cooperation between artist and scientist. Bioart is
indeed the modern way to work on the borderline between professional
interdisciplinary practices of today.

As examples, bioart includes pictorial art basedspeats of nature or

medical illustrations, software that turns genetic codes to luminous,
scientifically accurate pictures (Symbiotica), and robotic sculptures operated
by fish. Even robotic drawings by machines connected to a rat embryo brains
through a omputer are constructed and comprehended as artwork. Notions
like hardware and software are well established in our daily life, and this
bioart projects created a new notion; wetware. Wetware is understood as the
conducting link between biological and dlenic circuits.

The creation by Eduardo Kac and others of transgenic bioartistic plants
and animals, using a jellyfish gene that makes them glow in the dark, has
provoked controversy because it raises ethical issues of a type that artists are
unused todcing.

The field bioart has been in the news, bringing the artform into daily
discourse, through the prosecution of Steven Kurtz. Kurtz used a biological
laboratory at his home to make artistic works based on bacteria and DNA,;
however, he denies his worlafia connection with the speciesdification
end of the bioart spectrum, also called
processes are always of interest to the commercial press, and this kind of
scientifically related art form has a negative reputation.

2 BioArt is created from biology and drt aim to name an artform which use a crossover between biology and
art.
2 Kurchausen, Tomhttps:/bioart.med.harvard.edu/
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On the other hand and not so dramatically, the department of Cell Biology,
Harvard, offers courses in biological and artistic creativity in the spirit of
fiscientific and/or artistic valuebo.

2.5 SEMI-LIVING ART

New art forms | i ke Of Tarnadnlsigvedmigc AArrtt o , a rfieMe:
forms, which differ dramatically from artworks exploring art and genetics

through the use of traditional media. The use of biological materials and

living organisms by artists ranges from tissue engineering toctm

techologies and even transgenic animals, a phenomenon that raises ethical

questions with regard to both scientific and artistic endeavours.

As an artist, my way of thinking when creating colours on metals by the
use of living micreorganisms is to create, asamples show, a kind of living
environment and colours that #@Alived when
oxidations. When allowed to develop under their right conditions,
microorganisms will continue to create microbial secrete metabolites and
oxidise themetal on which they live. When observing the microbial process
at different times, one sees that the patina oxides are slowly changing. The
microbial transformation of substances activated after only a few hours in
most experiments and tests, starting vaittmooth and pale cover of oxide
colours, which changed in both colour and intensity during the continuing
process. The reason for these changes is the microbial environment, which
progress develops, creating sdiving colours as patina on metal tesests.

In a wider context, these microbial reactions can be related to elements for
artistic expressions, and understood as Séawmg Art. Knowledge of which
bacteria create specific oxide colours will make it possible to create an

artistic motive visibleonly during a specific time sequence, as the different
colours appear. As the bioprocess continues to react on the metal surface, the
artistic motive will slowly disappear (unless the process is aborted), and a
multicolour of a kind will be the result.

The comprehension of Sethiving Art as an expression was created by
the SymbioticA Research Group in collaktiza with The Steve Potter L&b
in 2003 when t heiyTheSemiaiby i sh’eAr thiMetAd .t

MeArt is based on a bioybernetic project, exptong aspects of creativity
and artistry related to the knowledge of biological technologies and the future
possibilities of creating Senhiiving Art, even possibilities to create semi
living entities.

30 Georgia Institute of Technology, Atlanta.

Meart: fMul ti oealcembihation df bardware, soffward antd wetwareréate bie

cybernetic research projects exploring aspects of creativity and artistry in the age of biological technologies.
22
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The interdisciplinary twhreexgdnedim cr eati ng
the conference AArt and Biomedicine: Bey
Danish Academy of Fine Arts, Copenhagen in 2007. This was an
interdisciplinary conference about creative visual practices at the frontiers of
biomedicine, convened lille Medical Museion, University of Copenhagen,

The School of Visual Arts and The Royal Danish Academy of Fine Arts. The
conference discussed t hLei varntg fAorrtnds, A Me Ar
understood as the use of living organisms in contemporary art. theng

two last decades, a number of artists have left the traditional artistic

playground to work instead in scientific environments, mostly in laboratories

of biologists. Like The Symbiotica Group
for mso, new nti rsanmss gvehn icch carrgea more or | ess
than Anatural 6 organisms. Through the pr
art, it seems that artists are again challenging the perception of what is art and

what is naturé?

Artists as scientific researcheasd science as art raise interdisciplinary
guestions. Producing images is perhaps no longer uniquely the privilege of
artists and media professionals. More and more scieased images appear
on the art market. Artists intensify their studies of scientifethods. Local
and international research centres contact artists more and more often,
wanting to develop and present exhibitions of their professional scientific
work to a public audience. On both sides, we are seeing new professional
sensitivities andtritations developing inside traditional academic working
strategies. In this context, the discussion follows individual art practices and
interdisciplinary collaboration between the arts and sciences such as
biomedicine and molecular biology.

32 Reichle,Ingeborg,Academyof sciences and HumanitieBerlin-Brandenburg
www.kunstgeschicte.de/reichle
3 Knapp,Wolfgang,University of Arts, Berlinwww.kunstimkontext.udtoerlin.de/lehrende/knapp
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3 The historical background for
patination

All empirical knowledge is stored in the history of patination of metals, a
history connected to art, architecture and industry. Even old chemists like the
Middle Ages alchemists and multi artists Theophilius andgthil®sopher

Pliny are cornerstones in development of patina as documented by their
writings.

3.1 PATINATION AS TERMINOLOGY

Patination is related to several crafts, techniques, and surface treatment
methods. As a term it describes the surface treatnfiemt objects, giving

what is known as the objectds patina.

oxidation and corrosion giving colours on metal surfaces. Patination can
naturally occur on metal surfaces through oxidation in the air, or can be
artificially induced by the use of chemical methods. Patination also includes
painted varnish or pigmented colours as coatings on art pieces, for
preservation of art objects. The word Patina is adopted from the Italian and is
used in different languages. The German, Bigland Scandinavian

languages, for example, use the word patina unchanged, while the French

Pa

|l anguage uses the term pembratiegandThe t er m

includes technical methods for surface treatment of art objects rather than a
scientifc method as such. Since the term is not used traditionally as a
scientific concept, the understanding of the term is different in various
communities. However, in the context of this thesis, the common meaning of
patina can be understood or interpretedescribed earlier: colours created

on a metal surface by letting the object oxidise in air, by coating with
different types of reactive clays, or by artificial oxidisation using

chemicals®*

34 The discussion of the term patina and its evolving of aesthetic perspective: WeilA Reyipw of the
History and Practte of Patination
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3.1.1 From traditional patination to the research project

There are not many historical descriptions left by artists or craftsmen on the
topic of patination. Most of the written documentation was made after the
production of the artefacts and is more or less an attempt to describe the
action of patination and its nteids. Traditionally the creative artists
themselves used their experience and were learning by doing and by tacit
knowledge® However, during the history of patination there was obviously a
development from patination by random reactions to the use efeiff
ingredients in a more planned and controlled patination, including microbial
patination as described in this the¥is.

3.2 HISTORICAL CONTEXT

The tradition of colouring metal surfaces relates to empirical materials that
have references to antique and architecture. From the antique period as
early as 6000 BC, the artist or craftsma
surfaces in a way successfully recreating natural skin and hues. Particularly
within art and objects for ceremonial use, the pltgme texture is well
documented by collections in museums all over the wdiRatina on metal
objects has traditionally been used on objects of art, especially on sculptures,
applied art, and in architecture. Patina techniques were particularly important
for sculptures made in cast bronze and brass, but also pieces related to the
applied arts, like details on furniture and objects used in daily life, were
coated with a patina.

In architecture, particularly for monumental buildings like cathedrals and
official buildings, large copper sheets were placed on roofs because of their
density and waterproof qualities. The copper roof oxidised in a natural
process through contact with air over time and this process was observed and
later done artificial in using @mical mixtures used in other contexts. After
the industrial revolution in the eighteenth century, it was necessary to apply
this oxidising mixture to new buildings, as the copper did not oxidise
naturally because of air pollution from the heavy industii@smake the
traditional green copper roof, there was suddenly a need to provide the patina
artificially. An example in this connection from Oslo in the early nineteen
eighties is the Catholic Church, which was given a new copper coating on the

Brown, B. and Burnett, HCorrosion aml Metal Artifacts National Bureau of Standards, Special Publication

479, pp 771 93.

35 polanyi, Michael Den tause dimensjonen introduksjon til taus kunnskaslo, Spartacus Forlag, 2000.

Oversatt av Erling Ra.

36 Schgn Donald:Educating the Reflectieractitioner, Ashgate Publishing,. 22, 1983

’Smi t h,HiCs.t oSr:i cial Not es o fScienbeanddechnolagy df Mageridk¥. Met al s o
Plenum,pp. 100'167,1974
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roof. After some months, the expected green copper did not appear, but a
dark brownish and irregular patina occurred.

Huge door blades of massive bronze designed and made for monumental
buildings were traditionally patinated not only for the aesthetic expression
butalso to preserve against tarnishing.

3.2.1 Ancient Patination

As far as we know from documentation related to patination in ancient times
(ca. 4000 BC), art objects like sculptures were probably patinated in one form
or another. This practice probablsiginated in accidental patination
occurring through the influence of air over long time or through objects
having been either buried in soil or exposed to extreme heat by fire or
through a controlled artful treatment. We know that artpieces were in some
circumstances covered with clay containing, for example, iron oxide or
copper oxide, whose effects were known from pottery. When evenly/slowly
heated, the oxides from the clay reacted with the metal and oxidised in the
surface as colours. Green oxide coloacurred on the artpieces when treated
with copper oxide. Still this form of patination was very complicated to
control and a lot of experience was required in order to stop the heating
process at the right tinf&.

Artefacts from early history (from trentique period 3000 BC), which
have been buried for longer periods and patinated over time, have been
studied and craftsmen have attempted to reproduce what nature did for use in
their own artistic production. By observing what happens to metals in tontac
with different soils and clay, it has become possible to reproduce some
processes by covering the art object with clay for different periods of time.
In ancient Egypt and China, sculptures were mostly painted with colours
similar to those of the human thpto make them appear as natural as
possible® In addition, sculptures carved from different materials like marble
and sandstone were most probably painted in the same way as the metal
sculptures. In this thesis, however, | will concentrate on the hisfory
artefacts made of metal.

From the antique period around 4000 BC and up to our time, few descriptions
or formulae have been saved and the few we have are very difficult to
understand and interpret from the vantage point of our modern way of
interpretirg chemical reactions. However, oxidation in air or other

38 Tylecote R. F:The early history of metallurgy in EurogeondonLongman,p. 24, 1987.
%9 Hughes R. andRowe M: The Colouring, Bronzing and Patination of Metaiew York Broadway, p. 9,
1982.
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environments is also a part of the historic view. Early artificial treatments
with different substances tell us more about ancient methods and what kind
of chemicals they could produce. They can eedlrus if the artists and
craftsmen used natural inorganic materials like clay and soil or organic
ingredients like wine, fat, and even blood and ufthe.

In modern times, when it is possible to chemically verify oxides on old
artefacts, we know which elmical ingredients the early artists or craftsmen
were able to us# These studies also show that most of the patination
occurred by natural processes. Some of the patina can also be directly
connected to the making process. During soldering, a scaledsf calours
occurs on the surface and this method produced natural minerals like basic
copper sulphate (brochanite), basic copper carbonate (malachite), and basic
copper chloride (atacamite). These oxides occurred on the artefacts in the
same way as durinifpe process of natural patination from the*aiFhe
artists also experimented with other materials and methods to expand the art
expression.

Research on bronze sculptures from the antique period around 1000
BC shows a wide use of inlay, using laminatarsilver and gold intended to
look like teeth and other detaitdSculptural portraits were to be created in a
naturalistic way and appropriate methods were developed. To make an image
of hair and eyes the Niello technique was W8adsually sculptures ém this
period were highly polished and coated with gold leaf or silver leaf in a
gilding process, using mercury or, more commonly, oxidation with sulphur to
get a black, almost transparent coatffighs far as it has been possible to
establish from exigtig art objects, the use of bitumen and oils in a heating
process has been used to create a dark brownish furnish on the surface. One
use of this treatment was to make an image of or create an illusion of the
suntanned human skin, while another was to theatast metal surface
against air oxidation, discoloration, and disfiguration.

There were also practical reasons for the use of patination. Roman
legionnaires had their equipment, like helmets and breast shields and armour,
made from cast bronze. Whemnwnand unused, the armour was shiny and

“°From my projeds point of view | started to look for substancesich could be similar in grocess of my
method and thesis

“'Deutsches Kupfet nst i t ut . 6 Ch e miksuphfee rF au nbdu nkguepnf4éytolie2y i er ungen o, p.

Modifizierte Nitratpatina.

“VernonW. H. J. a n drheV@ipen iy Gorrokion offCopper 1. A Chemical Study of the surface

Patina Journal of the Institw of Metals42, pp. 180200, p. 1929.

“Inlay: Engravings in a metal surface where the original metal is removed and replaced with silver or gold.
“Niello: Black alloy with low melting area made of
4 Amalgam gilding.Gold or silver leses mixed with mercury, added on a metal surface and heated. The

mercury evaporated and the gold or silver fused to the host metal.
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reflective in the sun. To camouflage the armour, the soldiers had learned
from their earlier Hellenic predecessors to bury the armour in animal and
human remains. In the presence of urine, the armour was patinated wit
turquoise and blue to green colours, in a complicated and random pattern.
This created a perfect camouflage in a time where visual warfare was of
importance.

The Roman natural philosopher Pliny (first century AD), also known as
the author of the encygb@aedic Natural History, made observations about
how copper and bronze oxidised in the air and the applications of a protective
coating on bronze sculptures. In his quoting he uses the terms aerugo and
aeruginis, denoting t hebronze(aesuRlilyng pr oces
even describes methods for artificially producing these oxides, but not for the
purpose of patination of bronze. These oxides were produced for medical and
cosmetic purposes. When Pliny describes the patination and oxidising of
bronze he makes a distinction between two kinds of aerugo. Aerugo Nobilis,
or noble patina, he describes as attractive, enhancing and stable. Virus
aerugo, which can be translated as Avile
an unattractive patina, disfigugrand destructive. Regarding the use of
bitumen as a protective surface coating on bronze sculptures, Pliny states that
the ancients coated their sculptures with bitumen. He also stated that the
Romans later gilded their highly polished sculptures torattanore durable
surface. Gilding was lavishly expensive and dangerous to the artisan gilder,
but required less maintenance. The gilding process was done by the use of
gold leaf and mercury, and made a pure gold coating resistant to all physical
influence.The surfaces kept their shiny gold quality independent of weather,
time and age.

3.2.2 Patination in the Middle Ages

There are few documentary sources from the middle age period about
patination, but there is a rather special message written asaiption on

the church doors of the cathedral of St. Michele at Monte S. Angelo, dated to
1076 AD° The inscription is an instruction to those who are in

charge: o0Clean the door once a year, so
bright . 0 -Bdlepietes eveatedin tigeéMiddle Ages which are
conserved show the use of patination. It seems the Middle Ages (from ca.
500 AD to 1500) were not productive in largeale metal art pieces. Smaller

art pieces, however, like miniature sculptures in botedamd bronze, were
highly polished and occasionally inlaid with precious stones, often gilded and
polychromed with enamel.

“Feder i eiPorteBizantine di $an Marco, VeniogStadium Cattolico Venezian®969
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During this period, jewellery production started to seriously define its
position among smaller scale art pieces, and in the &attycentury, a very
important book was written based on alchemist methddppae
Clavicula*’ This text describes how to make artificial corrosion products on
copper, using vinegar and other reagents, to produce colour pigments and
ingredients for medicdteatments. Often this kind of authorship was
practised in monasteries, and the friar Theophilius Presbyter describes in his
work fADi diversis artibuso met hods for
bronze, among othef® goldsmithés techni
A ratherinteresting method to patinate bronze by the use of a biological
process has been documented in Asia. In Korean monasteries in the Middle
Ages, the friars stored urine in clay vessels in order to ferment. Groups of
friars were put on special and differeliets, which produced different
chlorides in the urine. The different liquids containing different chlorides
made different patinas when applied to art pieces made of bronze.

3.2.3 Patination in the Renaissance period

In the 15th century, casting of $ptures on a larger scale started after a long
period of smahscale castings, and the foundries had to rediscover the
methods used in antiquity. No full length and free standing sculptures had
been cast since ancient times. In 1433 in Florence, Donaielielled and
cast the famous statue of David, and this was the first known sculpture of
largescale casting. Such large castings required renewed methods, as well as
a renewed interest in patination.

It seems that the techniques of these early Florensisings were not
sufficiently developed. The result of such unreliable casting techniques was a
surface full of flaws. When patinated, the surface had to be treated with a
varnish that produced a dark surface colour to cover the flaws. When
technical develpments made possible larger scale castings by casting the
sculpture in parts and combining the parts to form a complete sculpture,
gilding the surface was preferred even if it was more expensive to produce.
Donatell obs St. L oui sfesuchasculptare.l ouse i s
The first fimodernd account of surface
written in 1504, De Sculptura, and is based on observations in foundries, in
Padua by Pomponius Gauriclisde writes the following to describe colours:
fi Wh iistaaghieved by the application of silver leaf, yellow with gold leaf,

47 Smith, C. and Hawthorne).: Mappae Claviacula: A little Key to Medieval Techniquéaiversity of
Chicagg volume 64, p. 4, 1974.

48 Brepohl, B.:Theophilius Presbyter und die mittelaldstie GoldsmiedekunsAustria Bohlau, 1987.
4 Gauricus, Pomonius:De SculpturaGeneve Droz, 239, 1504.

3C

t
qu

an

tr



MICROBIAL PATINATION OF COPPER AND BRASS

green by wetting with salted vinegar, and black by a varnish of liquid pitch or
smoke of wet straw. These colours will do for now, in waiting for the time
that we will |l earn others. o

Reading the preface of Giorgio Vasarids V
sculpture, while rubbing with oil to create a black oxide patina, produced a

green surface patina when using vinegar and made other brown and black

patinas when using varnishiThrough the16th century, patination was

basically applied according to De Sculpura and also by a wide use of silver

and gold leaf. In the late 16th century, patination is described as a process

done using smoke from straw fire and by rubbing the metal witaral

kinds of oil. This treatment produced a lustrous and translucent copper oxide

brown. The c¢craftsmen had access to Pliny
that the coating of bitumen which gives a dark brownish and-spague

colour was often preferablBuring the 17th century, oil and straw heated on

the surface was still the common method of patination. Vinegar was used for

green colour and sanguine, a red earth pigment (probably English red or iron

oxide), was used to make the surface appearblackpacdi ng t o fAPri nci f
by Andre Felibien in 1698 A very important development during the 17th

and 18th centuries allowed artists, craftsmen and scientists to methodically

collect patina recipes and to publish specific patina books for artistic purpose.

3.2.4 Patination in the 19th century

During the1800s, science and industry developed different collaborative
projects, such as foundries capable of casting and producing sculpture on a
large scale. During this period, chemistry developed as an industry,
producing chemicals in large quantities allowing controlled chemical use of
patination for the first time in history. Effectively, this enabled development
of chemical patination as a specialised art technique.

In France, colouring metal art became a psien, and practitioners were
named | es Patineurs for O0those who worke
patineurs took control over the patination part of production of metal art.
Especially the Limet brothers in Paris acquired great fame in artistic circles.
They produced their own chemical patina based on their own recipes for
specific patinas, and among their customers were, for example, Rodin. Such

fPr e f i x\dte Mazlehbsk and Brow/asari on technique\.Y. Dover Publicationspp. 165 166
(Vasari, G. Le Vitg 1550) 1960.

5! Felibien, A.:Des Principes de | Architecture, de la SchulptureladBeinture, et des autres Arts qui en
dependentLondon Farnborough Hants, 239, 1690.
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connections resulted in the artistso6

coloration of metal art.
3.2.5 Patindion in the 20th century

During a period in the 1920s, several industrial products were coloured
through patination, but the use of chemical treatments changed quite
suddenly when different lacquers with similar colouring qualities were
discovered. The whustrial products were usually snuffooxes and cigarette
étuis patinated to give the impression of leather, wood, and stone surfaces
such as marble. The methods used for such metal patination were based on
different mixtures of chemicals that are stronghydasing when applied to

metal surfaces. The objects can be boiled in an immersion mixture, covered
on by brushing the surface with the immersion, or buried in sawdust soaked
with a solution of various chemical ingredients.

Although lacquer overtook thele of patination in the early 1920s,
popular science authors started to publish books containing descriptions of
chemical patination of metals based on older literature of the chemical
sciences. This was important for the development of patination fsisaat
they were now able to do their own controlled artificial patination. Very
often, artists had a strong feeling about the artificial patina on their art pieces.
They did normally not allow lacquer to be used on their art because of the
fi s y nt heding of sudh cbating.

Beside the development of different and better quality lacquers, scientists
were able to use unconventional methods in their research on various
products in an industrial context. Electricity was increasingly common in
industrial praluction, and in the context of art foundries were equipped with
electric kilns. Using electricity, the casting process was more stable due to
better control during the melting of the metals, which resulted in better
quality of sculptures.

When electricityappeared in connection with industrialised electrolytic
preparation and sealing of metal surfaces, e.qg., gilding, silver coating, zinc,
copper covering, and chrome (electroplating), it was also used for anodic
colouring of red metals, referred to as Dasi2e Copper Uniof> When
aluminium became common as a construction material for facades and inside
roofing for both architectural and technical purposes, electrolytic colouring,
known as anodising, was discovered. Colouring aluminium by anodising

52 Red metals all copper alloys, like bronze, brass, and gilding metals.
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enabled olouring the metal in all spectral colours based on organic colour
pigments>

Besides use of galvanic electroplating methods since electricity was
discovered, anodising aluminium is also considered as patina on metal
surfaces. Due to the rather wide usgatination, artists recognised a need
for teaching patination. In short, they saw a need for educating artists to
promote their art.

In 1982, patination of metals saw a revival when Michael Rowe and
Richard Hughes did significant research about patinatial collected a
huge number of older recipes published in the work The Colouring,
Baronzing and Patination of Metal. Through this work Hughes and Rowe
made patination available for artists and craftsmen on a wider scale. AlImost
instantly, exhibitions inmportant galleries started to show works of
patinated metal art pieces. From that time patination received a place in the
scholarly system at The Royal College of Art (RCA), and through contact
with Professor Rowe at the RCA, the metal department at$leNational
Academy of the Arts (KHIO) started to teach patination of metals in art
classes.

%3 By mentioning aluminium, aluminium is an artificial metal whish can only be producedriegrend using
electric power in an electrolytic process; aluminium does not appear pure in nature but only as bauxite
containing &uminium oxide.
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4 Methods for microbial patination in
process

The research project is based on a pilot project conducted in 2004 (based on a
series of experiments) and eigleparate experiments completed during the
period 20052008. The pilot project was designed to show decomposition of
different organic materials on metal sheets and the colours occurring from
oxidations during this process as patina. The experimentsalgere

conducted to create biomixtures for microbial analyses. The subsequent eight
experiments developed from the experience and findings during the pilot
project, and were more specific, including characterisation of carbohydrates
and proteins as dominagjrbiopolymers with the aim to create multicoloured
microbial patination process through decomposition. The pilot project was
executed under nelpiological conditions at The Oslo National Academy of

the Arts (KHIO), Oslo, and the following eight projectsrergompleted at

the Department of Chemistry, Biotechnology and Food Science (IKBM), at
the Norwegian University of Life Sciences (UMB) in As.

In pilot experiments 1 and 2 (chapter 5) and in the main experiments 1 to
8 (chapter 6), technical methods incladke specific experiments in aim to
give wholeness from start to end of each experiment. During this period,
while working with this series of experiments to create patina on copper and
brass, test sheets were produced by traditional chemical treatmeistizl
comparison of colours between traditional patination and microbial
patination. These traditional chemical patination tests were produced from
my own conducted recipes and old metal patina recipes, executed by
traditional patination methods for $ace treatment using sawdust as pattern
creator. (Chapter 4.7)

Bacterial diversity was examined in the substrates created by
decomposition of proteins and hydrocarbons under both aerobic and
anaerobic conditions. Traditional laboratory methods were usegtify the
presence of different reactive chemicals transformed during the microbial

3&
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process and to characterise them. Established phenotypic methods were used
to characterise the bacteria. (Chapter 4.4)

This methodological research offers a possibititgléscribe the reactions
in decomposition processes where bacteria in their natural environment
transform organic compounds into microbial substances. Bacteria use
proteins and carbohydrates in the organic materials as energy surces.
During these tradfisrmations, biochemical reactions create an oxidising
effect similar to traditional chemical patination on metals. The transformation
of substances by microorganisms results in different chemical ingredients,
probably organic acids, chlorides, oxides, atigline compounds. This
process is referred to as microbial substrate transformation.

In order to design research experiments related to biological oxidation
treatment for colouring metal sheets, it was first necessary to characterise the
organic substta used in each experiment. This was done from analyses of
the organic materials used during the pilot project. Since these experiments
contained different ingredients based on different proteins and carbohydrate
intermediates, the results from this resbawere important due to the

diversity as microbial substrates involved. It was possible to predict how to
make the organic materials as reactive as possible in an oxidation process,
when in direct contact with metal surfaces, by tests of humidity, tetopera
and practical methods. Further microbial tests using the best conditions for
microbial oxidation were established on the basis of this knowledge of
ingredients and methods.

The microbial experiments required characterisation of bacteria cultures in
order to have a certain control of the microbial treatment. The main problem
is the enormous number of species in such microbial environments. Our
knowledge about bacteria in their natural environment is limited. To study
bacteria in their environment isdfefore not an easy task. In nature, there are
probably several thousand species that have not yet been described. For

%4 Bacteria are singleelled microorganisms and are flexible in metabolism changes depending on the
environmetis. (Bacteria are basically developed from carp®he main product from metabolism is
replication. Metabolism (caused by a number of chemical reactions) is necessarily for replications.

Some bacteria are autotrophic from their use of CO2 as sourcete organic compounds. The energy
sources are light (UV) or inorganic molecules (Photosynthetic). All cells are depending on proteins like
enzymes, produced in badtecells. Bacterial decompositiamna process were the bacteria uses organic
materials aswtrients, by enzymes (Lipase) to decompose organic materials like fat intebasgéet nutrients
necessar for bacterias digestibilit(Enzymes have a catalytiffect by starting chemical reactioh8y
decomposing acceibte nutrients, bacteria prode@nzymes necessary for metaboligfproteinsare

available bacteria produtke enzyme Proteas@rotease decomposes proteins from meat, cheese,fanilk
example) From carbohydrate, the enzyme Amylase is produced. The enzyme Cellulase decomposss cell
from paper (vegetable cell walls). Lipase is another exaof@ebacterigoroduced enzyme, which
decomposefat and oil compounds. Through complex chemical reactions, organic materials are transformed to
water and carbon dioxide through metabolisverergy sources providing replication. Bacterial replications
are in progress as long as the nutrient sources are available.
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example, one gram soil or sediment (biomixture) may contain 1010 bacteria,
as determined by fluorescent microscopy after staining withoeescent

dye °® Furthermore, there are bacteria that are adapted to almost all the
different environments existing on earth, and also bacteria that are able to
decompose all the chemical components made by living organisms. Most
bacteria have a high gnth rate, meaning that they quickly consume the
available nutrients.

As a practical result of this methodological microbial research, originals of
microbially patinated test sheets of copper and brass were documented by a
series of digital photos. Both ombbial reactions on metal surfaces and
patinated sheets presented as complete examples of oxides (1:1) were photo
documented, using a dissection microscope at 50x magnification (Leica
Flouvert FU).

Figure 1: Schematic development of the project.

4.1 MICROBIAL CHARACTERISATION METHODS

Empirical
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Pilot Project,
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experiments
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Traditional
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%5 SYBR-green staining.

Pilot Project,
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Microbial
experiments

Microbial
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Using the knowledge derived from each experiment, the next step was to
choose and refine technical methods in order to create the most effective
environment for the microbial processes desired. These methods were
developed during the pilot project, and adjusted for each following test. By
specific use of the selected methods, the processes were as technically similar
as possible in every test, in order to control the reactions and results in their
various phases. To belalio create methodologically acceptable scientific
results, temperature, humidity, CO2 and pH, and the environment itself, had
to be stable. This stability was needed to provide reproducible bacterial
growth conditions. Such control required scientificipgnent, and the final
experiments were performed in microbiological laboratories.

As a visual result, it was important to create multicolour patterns on test
sheets of quality suitable for presentation. Results of traditional patination are
usually documeted using sawdust mixed with solutions of chemicals
blended after recipes. To provide similar quality in microbial patination the
same sawdust method for creating patterns is preferred.

Taxonomic rank Example

Domain Bacteria

Phylum Protobacteria
Class o-Proteobacteria
Order Enterobacteriales
Family Enterobacteriaceae
Genus Shigella

Species S. dysenteriae

Mi croorgani smsd aerobicity

Microorganisms can be divided into several groups according to their nee
for or tolerance of oxygemerobic microorganisms use oxygen as the final
electron acceptor in their electron transport chain.

Miccroorganisms which cannot use oxygen as a terminal electron
acceptor are termed anaerobic.

Aerobicity groups:
Obligate @&robes: Oxygen is required
Microaerophilic aerobes: Oxygen is required, but at levels

lower than the atmospheric level.
They do not tolerate atmospheric
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levels of oxygen.

Facultative anaerobes: Oxygen is not required, but growth
better if oxygen is msent.

Obligate anaerobes: Oxygen is harmful or lethal.

Autotrophic and heterotrophic describes
energy necessitate from nutrient sources. Autotrophic organisms use energy
from the environment to create energy soulmedecomposing organic
materials from effortless inorganic connections (carbon dioxide and water,
using inorganic nutrients). Through photosynthesis is sunlight the energy
source, through chemosynthesis is the energy connected to inorganic
molecules andsidelivered by oxidation (heterotrophic). Both syntheses use
the energy to split water molecules (H20) and create hydrogen with carbon
dioxide (CO2) into energy carbon hydro molecules.

Majority of all microorganisms are heterotrophic; they are not able to
produce their own nutrients form the environments, they are dependent on
organic materials as nutrient. (Using organic nutrients.)

Anatomy and morphology:

To identify bacteria is a very complicated task, and demands experience,

because of its diversitynd insignificant visual differences in motility and
shapes.Traditional methods like microscopy studies of bacteria shows

sphericalshaped (globe) cocci and retiaped (rods), curvi®rmed vibrions

and twisted shaped spirillium. The thickness vary betwaef.25to ca. 2

em (1 em = 0.001 i), emenBedida.vilsuwal 3d
of bacteria shape and motility, gram staining can indicate and describe

bacteria in two categories, grgpositive bacteria and gramegative bacteria

by colour differences.

Isolation of pure culture:

Unknown bacterial isolates were grown in Petri dishes containing agar media
as nutrient sources in order to obtain pure cultures. When isolates of bacteria
were visually described as pure cultures, the culture was testedtthroug
phenotypic methods in order to obtain single pure colonies identified to class,
order, family, genus and species, as accurately as possible using the given
method. The methods used included characterisation of the bacteria as Gram
positive or Gram negaté and catalase and oxidase tests, and aerobicity
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groups>® In addition, a database related test based on carbon source
utilisation (BIOLOG) was applied to identify separate species of bacteria. For
this specific test, individual colonies were isolated frdirersity by
systematically streaking bacteria out in Petri dishes filled with nutdigat

to grow pure culture.

Growing pure culture:

Upon incubation, each cell will give rise to a colony on the agar surface. It is
possible that a colony could hauwésan from two or more cells that stuck
together. Thus, a coloAprming unit (CFU) may have originated from one

or more cells. When a dish has more than 300 colonies, there is such
crowding that fast growing bacteria overwhelm slow growers: the fast
growes either remove nutrients or produce inhibitory end products before
slow growers can form a visible colony. Isolated colonies are examined for
the different types of cells and one will be restreaked to obtain a pure culture.
A pure culture is defined akd progeny from one cell. Assuming that one

cell could have given rise to the colony, these can be called pure cultures
even though there is no technical proof of that. Proof of pure culture involves
showing that all the colonies on the restreak are iclrind Gram staining
these to demonstrate all the cells in the resulting colonies are identical and the
same as those on the original disc.

Materials:

- sterile 1 ml pipettes.
- nutrient agar on Petri dishes.
- gram staining reagents.

Procedure

1. Incubated dilutions outstroke on nutrient agar in Petri disBiesed for 2
days at 20 °C

2. Removed the dishes from the incubator. Counted the number of colonies
on each dish. When the number of colonies exceeded 300, those of lower
dilutions are "Too Nmerous To Count"

3. Calculated if the viable colonies were wisllated.

56 Gram staining, different staining distinguishes between types of bacetiasis of cell wall compogin.
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Population Survey:

1. From three wellsolated colonies (isolated from other colonies), different
surface colonies were circled on the back of the Petri dish and numbered.
2. Each colony were described by morphology: the size, shape, consistency,
colour, transparency and other terms.

3. Each colony was preformed by the Gram stain to observe the cellular
morphology and Gram reaction of the bacteria, which make up each colony.
(Gram positive or Gram negative bacteria.)

Pure Culture:

1. Choose one colony that appears to be composed of only one cell type.

2. Flame an inoculating loop; when cool gently touch it to the surface of the
colony and restreak onto a nutrient agar Peth.dis

3. Streak these cells as a primary streak on the surface of a nutrient agar Petri
dish. This streak should not occupy more than 1/4 of the dish.

4. Flame the loop, allow it to cool, and streak across the primary streak once
or twice, and thencontinuersaking the secondary streak without going back
into the primary streak.

5. Flame the loop, allow it to cool, and streak across the secondary streak
once of twice, and then continue streaking the tertiary streak without going
back into the secondary or prary streak.

6. Incubate the dishes at 22 °C for 24 hours.

7. After incubation: examined the nutrient agar Petri dish restreaked for a
pure culture. All the colonies must be identical. Colonies were Gram stained.
8. When a pure culture is achieved, theaak the same colony that is Gram
stained onto a nutrient agar Petri dish. Incubate for 1 day at 22 °C. To be
convinced of the pureness of the isolate, redo the entire process twice.

This is the pure isolate to be used for BIOLOG tests. Pure isolatés bas

used as quickly as possible; if the isolate is stored over time (in coldroom or
refrigerator), a bacterial strain can lose some properties and gain some.

4.2 VISUAL COMPARATIVE METHOD (VCM)

When oxides appear from different sources on metal ssfas mixed

colours (semicolours), a number of dissimilar reactive chemicals have caused
the oxidation (Chapter 4.6, Table I1). Even with different oxidising methods
(patination methods), semicolours are conspicuously similar when compared
visually. Analy®s of the recipes used disclosed to a certain point which
chemicals reacted and generated the colours. The-bkideaused by
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natural oxidation in air, or by hydrous influence, contains similar colours (see
Chapter 3.2.1, Ancient Patination). As natwyrathused patination usually
occurs on old artefacts, archaeologists know through laboratory analyses
which chemicals have been reactive on the object and produced the’patina.
By comparing both recipes and the visual impression, a table was compiled
for identifying colours resulting from oxidation by reactive chemicals. This
colouridentifying table provided a possibility to visually determine as

closely as possible which reactant oxidised in microbial treatments compared
to traditional patination.

My own nonscientific description of the colours as they appeared on the
test sheets was used to describe the colours resulting from both traditional
and microbial patinations.

Based on several chemical recipes composed for traditional metal
patination, test skats of copper and brass were coloured by three different
methods (see Pilot project) to show various examples of semicolours. As a
parallel process, microbial decomposition on similar test sheets was initiated
with the purpose of developing semicoloursiridgraditionally patinated
reference test sheets (Chapter 4.7), and comparing semicolours with those on
the microbial test sheets, it was possible to determine visually which
reactants acted on both test sheets by reading the table containing the specific
name of chemicals used.

These methods provide information on what kinds of chemicals are active
in the patination process and thereby indicate similar ingredients involved in
the microbial development of different colours on metal test sheets. Finally
and more importantly, using the prescription for the chemical method, it is
possible to identify the ingredients responsible for, for example, a green
colour created from microbial patination methods.

4.3 METHODS AND MATERIALS

To investigate the effect aficrobial decomposition of proteins and

carbohydrates on metal surfaces, it was necessary to limit the materials in

order to make the research project feasible. To limit the number of different
metals, this research comprises only red metals: copper anaf ds alloys,

brass. The reason for the choice of these two metals is their ease of oxidation
and the relatively | arge differences

5" The Museum of Sciences in Trondheim, Norwaysuseersed methods of ageing organic materials, by
composing chemicals which create original patina on restored or copied artefacts. Research processes aiming
to create the right patina on artefactshie context of conservation are constantly in process cooperating with
University of Roskilde, where artefacts of different organic materials were underlying buried in soil and clay
layers 10 meters in depth to study the process of charigiigresearcktarted in 1990 and will run until

2020.
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Methodically, the research is connected to the series of test sheets and the
oxides apparing on the surfaces, produced under specific conditions. These
conditions are factors of time, humidity, homogeneity, aerobicity (oxygen
present in reaction process) or anaerobicity (no oxygen present in reaction
process), gas and acid development &md, certain point, pH.

The substances produced by microbial metabolism react when in contact
with metals and create chemical reactions. These reactions create a thin layer
on the surface® These layers are referred to as a microbial substance. The
microbial substance probably contains different chemical ingredients like
chlorides, acids, alkali substances and metal oxides, which generate various
colours. Through quantitative and controlled microbial reactions, the project
showed which cultures influencepper and brass as oxides on the surface.

In the experimental research, a diversity of colours and their combinations on
test sheets of brass and copper were observed. By analyses of the microbial
oxide-film, the experiments revealed the developmenhefrhost common
bacterial culture and the number of substances transformed in the process.
Using several chemical tests, it was possible to demonstrate the presence of
nitrate, sulphur, or different metal oxides in the various substrates. The
colours on theest sheets were documented using a dissecting microscope
(Leica Fluovert FU) and digital camera (Canon PowerShot S80), aagt X
microscope analysis (XRMA) with Inca datentifying program was used

to verify the presence of metal oxide crystals inrttierobial film.

Laboratory tests were used to identify bacteria as catalase positive or
negative, oxidase positive or negative, and Gram positive or negative.

These experiments were performed to observe if there had been any reaction
on the metal surfaceyhether it was coloured by oxidation, and whether the
reaction made an etching into the metal surface. If there had been a reaction,
the reaction had to be described and characterised, and the colours produced
had to be recorded. The experimental reaflthe project were visualised in
tables and diagrams with significant information like environmental
conditions, dry and wet biomass weight, and the diversity of different species
microscopically observed.lt is also important to know what kind of metals

to use in the process and the characteristics of each metal, because
differences in alloys may cause unexpected reactions. In this research project
only copper and brass of Norwegian technical standard were used. The
technical information is available @echnical data sheets from suppliéts.

58 Microbial oxidefilm occurs on metal test sheets as layers of various thickness, depending orstattiass
time, humidity, ingredients and milieu. A thin layer of microbial oxiilie is understood as 0.0%m to
0.1mm.
59 cocci, diplococci, streptococci, anods.
% Astrup AS, Norwegian StandardSopper: 98% pure Cti 2% Ni. Brass: 75% Cd 20% Zn+ 5% Ni..
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4.3.1 Creating biomass on metal surfaces under microaerophilic
conditions

Milling organic material (beef meat, chicken meat and fish as examples) and
mixing it with coarsecut sawdust provided a certain level of ggn in the
microbial materials. Metal sheets were placed in a Petri dish with the material
covering the sheet to provide the right environment; the dishes were placed in
an incubator at 22 °C. Placing the dishes in plastic bags prevented
dehydration, buttgél allowed enough air to maintain aerobic or

microaerophilic conditions throughout the experimental period. The plastic
bags had zip locks, making it possible to regulate the opening and thereby
controlling the humidity and airflow in the substrate. Whklesomposition is

in progress, the reaction from microorganisms creates a microbiatiride

on the metal surface, which results in different mixed colours. To investigate
the time sequence of the microbial diversity, appearing as microbialoxide
film, and resulting multicolours on the metal surface, two test sheets of each
metal were taken out at two times every week. The experiment was
maintained to 8 weeks.

Materials and procedure:

1. 8test sheets of copper and 8 test sheets of brass with thiokhess

were cut to 40 mm by 60 mm

(standard test sheets in this project) to fit in Petri dishes sterilised in 70 %
alcohol.

2. Test sheets were placed in Petri dishes and covered with 60 g microbial
substrate.

3. Petri dishes were placed in resealatdesparent plastic bags, size 200
mm x 300 mm.

4.3.2 Treatment of organic homogeneous microbial material used for
colony forming units (cfu) total account.

Decomposed proteins or carbohydrates and sterile water were used to prepare
a homogenous microddi material, which was filtered and diluted in order to
count the microorganisms present.

A decadal dilution series was made fromIlt 167. This means 1 g of
biomaterial added to 9 ml MiHQ water generates a-lI0dilution. Successive
dilutions in aratio of 1 ml suspension to 9 ml sterile water result ir2 10
10-9 dilutions. One ml of diluted suspension plated on nutrient agar will
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produce a number of colony forming units (cfu), allowing calculation of the
number of cfu per gram of the starting tevéal.

Procedure

1. Ten grams biomass were homogenised in 90 ml sterile @iliater

(Milli -Q water heated under pressure to 122 °C)

2. The suspension was filtered through a 30 um pore size nylon filter placed
on a sterile bottle.

3. Adilution serés was made from 1Dto 167.

4. One ml of each dilution was streaked out on agar in Petri dishes, which
were incubated at 18 °C; colonies were counted after 3 days.

5. Incubate on agar Petri dishes from grown colonies collected from step 4.
6. Outstreak on Petri dishes in square crossing lines to grow single bacteria
culture collected from step 5. (Plate count)

4.4 PHENOTYPIC METHODS

Phenotypic characterisation by examination is the most classical way to
characterise and identify microorganistdsless similar organisms have
already been characterised, classified and named, a new isolate cannot be
identified. Phenetic classification is a system that groups organisms based on
the similarity of their observable characteristics. Some of the cadsgufri
characters that can be used are listed in Table I.

To investigate microorganisms phenotypic by microscopy, pbastast
microscope is necessarily using staining methods like SY&®n, Gram

stain and other$.

Table I: Phenotypic characters.

In order to be characterised by phenotypic characters, the organism must be
able to grow on an artificial growth medium, such as nutrient agar. In this
research project, BIOLOG tests were used to identify isolates, as shown in
chapter 6.4.4. To identify theiltivable isolates, the following tests were

used: gram stain and, to examine the oxygen demand, oxidase and catalase
tests(See chapter 4.1, Isolation of pure culture.)

1 Michael T. Madiga, john M. Martinko, and Jack Park&mck Biology of Microorganismsinth edition
Southern lllinois University Carbondale, USA, 2000, chapter 3.1 pp350
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Cultural category of characteristic | Colony shape, pigmentation and
texture

Morphological Cell shape, cell aangement,
presence of flagellanotility and
Gram stain

Physiological Temperature requirements, oxygen
requirements

Biochemical Types of enzymes the organism
possesses, e.catalase, oxidase,
lipolytic enzymes, proteolytic
enzymes and ability to decompose
simple carbons like glucose

Nutritional Sources of carbon and nitrogen tha|
can be utilised.

4.4.1 Gram stain

Differential staining distinguishes between types of bacteria, and Gram stain
is one possible differential staiy procedure. Differential staining is

possible because bacteria differ chemically and may react differently to a
given staining procedure. Gram stain divides bacteria into Gram positive and
Gram negative. The difference in staining reaction is causeéifeyences in

the cell wall composition.

Procedure

1. A drop sterile MilltQ water is placed on a glass slide.

2. A very small sample of the culture is tested and mixed well into the water
with an inoculating loop. It is then spread on the glass slide.

3. The slide is air dried at room temperature.

4. The glass slide is passed through the flame of a Bunsen burner three times
with the bacteridree side faced down to the flames to fix the cell to the glass
slide.

5. The glass slide is covered with cajstiolet solution for 4 minutes.

6. Rinse the glass slide with Mil) water.

7. Place the glass slide in iodifeline potassium solution for 3 minutes.

8. Rinse the glass slide with Mi) water.

9. Wash the glass slide in 96 % ethanol solution for@pmately 30

seconds until the stain comes off.

10. Rinse the glass slide with Mil) water.

11. Countesstain with safranin for 2 minutes.
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12. Rinse the glass slide with Mil) water and dry carefully with a filter
paper.

13. The slide examination i®de with a 100x objective without a cover slip
on the slide

Of all the differential staining procedures, it is the Gram stain which provides
the most information and acts as a preliminary tool in the characterisation
procedure. Various data can be gatldensing the Gram staff.

4.4.2 Oxidase test

The oxidase test distinguishes between groups of bacteria based on the
cytochrome oxidase activity.

Respiring bacteria have one or more enzymes of the cytochrome complexes
in their electron transport chaintine cytoplasmic membrane. In some cells,
the enzymes also occur in the cytoplasm and in the periplasmatic space.
These electron carriers are present in aerobic bacteria. One type of
cytochrome is cytochrome oxidase, which transfers electrons to O2 awsthe |
step of the electron transport chain. In this process, cytochrome C gets
oxidised, O2 gets reduced, and H20 is produced. Various cytochromes can
act as chytochrome oxidase, and it is common for one bacterium to have
more than one type of chytochromedase.

Procedure

1. A loopful (Loop: small spoon or thin-€@rmed wire for laboratory usef
culture of one isolate is smeared out on the reaction site on the teststrips.
2. Examine the colour on the strips aftef @0 seconds. If no colour is
prodwced, the organism is oxidase negative. If deep blue/blue violet colour is
produced, the organism is oxidase positive. Isolates that become positive in
less than 20 seconds are clearly positive. Bacteria grow in aerobic or
anaerobic environments, and oxidgmsitive bacteria are often obligate
aerobe or facultative anaerobes.

Oxidase negative bacteria are not likely to be strictly aerobic, and Oxidase
positive bacteria are probably strictly aerobic Gram negative rods or cocci.

%2 These are summarised when spelling the name of the scientist who first reported the technique, Christian
Gr am. The name fAGramd may be r ewrnArtaegementsd gRAM. The RAM
Morphology charactésation of the bacteria.
8 The test strips are coated with a mixture of MjRethyl1,4-phenylene diammonium dichloride and 1
naphtol.
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(References tad mpaoyesni ol Mdigyr,olgieneti cs and
Laboratory exercises bio 231, Umb As 2006.)

4.4.3 Catalase test

The catalase test is also a test to differentiate between groups of bacteria. The
presence of O2 in an actively metabolising bacterial cell resuttei

production of hydrogen peroxide (H202) and superoxide)(d? survive,
bacteria have to possess a defence mechanism against these very reactive
substances. Obligate aerobes and facultative anaerobes (bacteria that do not
require oxygen) usually hawihe enzymes superoxide dismutase and either
catalase or peroxidase. The first enzyme catalyses the conversion of hydrogen
peroxide to O2 and water. The obligate anaerobes lack these enzymes and
cannot tolerate O2. The present of these enzymes can loteddtyg the

catalase test, by adding hydrogen peroxide to a bacterial culture. If the
bacterium is catalase positive, degradation of hydrogen peroxide to O2
produces bubbles.

Procedure

1. A drop of Catalase reagent with 3 % H202 is placed on a gldss sli

2. A loopful of culture (isolated) is smeared into the drop

Catalase negative bacteria are commonly anaerobe and most probably also
Oxidase negative as well.

Catalase positive bacta most commonly aerobe and migist well be

Oxidase positive.

(Refeences to paper AMicrobial physiology,
Laboratory exercises, UMB, As, 2006)

4.4.4 BIOLOG identification system

There are many types of commercial systems for bacterial identification.
These tests are very standardised. In trests,tusually large amounts of
inocula are used in small volumes of medium. This leads to quickly
observable results. One constraint of these systems is that they have been
developed mainly for medical purposes, and are less suitable for
environmental spées. An example of a commercial test system is BIOLOG.
The BIOLOG system tests the ability of bacteria to utilise various carbon
sources. The system consists of a microtiter plate with 95 different carbon
sources in different wells; a microtiter plate regdind a database. One well
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does not have a carbon source and functions as a control. Each well also

contains 2,3,8riphenyl tetrazolium chloride (TTC). In wells where the

carbon source is wutilised, electrons fro
chainwill reduce TTC into tetrazolium violet. The reduction of TTC is

irreversible because tetrazolium violet is not watguble. This means that

the colour change will be stable. The amount of colour and therefore the

utilisation of the carbon sources areasured as an increase in absorption at

590 nm. Different bacterial isolates will have different patterns of carbon

source use. This can be used to identify the bacterial isolates by comparison

with the BIOLOG database. (See Chapter 4.1 Isolation of ptere.)

Procedure

| Inoculation of BIOLOG plates:

1. A suspension (bacteria isolates) is prepared for each bacterial mass in
inoculation fluid.

2. Samples are centrifuged for 10 min at 4000 rpm at 4 °C

3. The supernatant (liquid floating on the tosefliment) is removed.

4. The pellet is rsuspende in 1 ml inoculation fluid and
sodiumthioglycolate is added.

5. The cell suspension is added dwige to 20 ml of inoculation fluid in a
tube until reaching the specified transmission, which is a meatusd|
density. Transmission is observed in a lighectrophotometer.

6. An aliquot of 150 pl suspension is transferred into each well in the
BIOLOG plate with an &hannel auto pipette.

Il After incubation

The first result of the test can be readaff4 hours. All tests can be read

within 72 hours. The BIOLOG database identifies isolates on the basis of

carbon source usage pattern and speed of reaction. (References to paper

iMi crobi al physiology, genetics and syst
IKBM, As, 2006.)

4.4.5 SYBRgreen | stainingi Total counts

SYBR-green | is alfiorochrome that binds to DN& When a
microorganism is stained, it is possible to see the bacteria and fungi as green

5 Noble, R.T, and Fuhrman, J.A, Use of SYH@FReen | for rapid epifluorescenceurds of marine virus and
bacteria Aquatic Microbial Ecologypp 113/118.1998.
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fluorescence in the microscope. These microorganisms casubéed and
based on the dilution it is possible to calculate the total amount of
microorganisms in the sample. Since the SY@RBen | binds to DNA it will
stain all intact cells.

Figure 2. SYBRgreen staining of microbial layer the metal sheet, on adegesheet 1,
experiment 1 showing fungi hyphae as phosphoric fg
Johnsrgd

Procedure

1. Anodiscs (0.2 um pore size) are prepared by filtering 1 rdl dution of
the biomass dilution series onto the filter in a Milre setup.

2. The filters are dried overnight in Petri dishes on pieces of filter paper.

3. The SYBRgreen | staining solution (see Materials) is prepared.

4. For each filter to be stained, a drop of 10 Oul SY@Ben | staining

solution is set in the B dish, with the anodisc filter on top, and left to stand
for 15 to 20 minutes in darkness.

5. The filters are then moved from the droplet onto the filter paper pieces
again, and left to dry overnight in darkness.
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6. For visualisation a mounting soluti¢gee materials in apendix) is
prepared. A drop of the mounting solution (35 pl) is put on the slide before
the anodisc filter is laid on it; a drop of mounting solution is placed on the
anodisc and the slide cover is placed on top.

7. Counting is done usj a 100x objective and 10x ocular, with UV and
immersion oil.

8. Cells are counted in 24 fields of view. (One square in the BCZ ocular is
counted §°

The formula used to calculate the number of microorganisms pr gram wet
weight biomass:
Total counts peg wet biomass =N x2.01x106

W x D

Where

N = average number of microorganisms per BCZ ocular sequence

D = dilution of biomass sample

W = ml dilution filtered

2.01 x 10 6 = the magnification of the area of the object covered by BCZ
square in theaular. (BCZ square is a grind system by vertical lines BC and
horizontal line Z.)

4.4.6 XRMA
X-ray microscopy analyses:

The scientific worker can be exposed to a large variety of particle types, the
main sources being microbial layers from decompasipimcesses. The
particles are classified as inorganic or organic, depending on their source.
Since some scientists involve working with living bacterial material, i.e.,
plants and meat, the emitted organic material will have a high proportion of
organic @rticles. Such particles will show a high content of carbon and often
significant amounts of elements like oxygen, sodium, silicon, sulphur,
chlorine or potassium.

Crystalline silica can sometimes dominate the inorganic fraction, but
more often, there wibe a complex mixture of silicate minerals. The
combination of SEM and-kay microanalysis (XRMA) can most often
classify the mineral particles to specific groups, sometimes even to species.

®5BCZ is a 10x ocular with a grid system arranged bB-&-D as horizontal lines and Z is the vertical
borderline.
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However, reliable identification of individual mineral partictesls for other
methods, like polarised light microscopy or transmission electron microscopy
with electron diffraction.

Procedure

1. Discs made of aluminium with rubber glue were put on testsheets were
crystal structure were located. The rubber gluenected the microstructure

on top of the disc.

2. Discs were nhumbered and arranged and stored in a plastic container, from
test 1 to 34 (related to the experiments).

3. Each disc were investigated by XRMA.

4. The test results were stored as photos ohthestigated zones, with

diagrams showing the value of different oxides.

4.4.7 CO2 Measurements

Measurements of CO2 production were made to verify the microbial
respiration and activity. The measurements were done by infrared gas
analyser. Infrared gamalyser measures trace gases by determining the
absorption of an emitted infrared light source through a certain air sample.
An injector, a highpressure gas container, and a long tube containing a
measurer construct the unit.
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Figure 3. From the &t glass containers rubber nipple 1 ml gas sample were collected by 1 mm
injector and injected into the analyser unit. The analyser measures the gas quantum injected into
ppm/ CO2 (experiment 1, chapter 6.1). Photo by Arne Magnus Johnsrad

Total developmérof CO2:

1 ppm = 0.00198 pg CO2

Difference value x * ppm CO2 / ml *128 factors:
X *0.00198 ug * 500 pg CO 2/ glass / time factor
ppm: parts per million

128 factor: transfer factor

glass: volume of test container

time factor: from test started to tetdgped

4.4.8 pH Measurements

pH is a measure of the acidity or alkalinity of a solution. It is defined as the
cologarithm of the activity of dissolved hydrogen ions (H+). Hydrogen ion
activity coefficients cannot be measured experimentally, so theyaaesl lon
theoretical calculations. The pH scale is not an absolute scale; it is relative to
a set of standard solutions whose pH is established by international
agreement. Acidity or alkalinity of a solution is expressed by its pH on a
scale on which neutlity is pH 7. Those pH values that are less than 7 are
said to be acidic, and those greater than 7 are said to be alkaline or basic.
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Concerning pH and microbial growth, it should be emphasised that
despite the requirements of a particular organism foeaifsp pH range for
growth, the optimal growth pH represents the pH of the extra cellular
environment only, as the intracellular pH must remain near neutrality in order
to prevent destruction of acid or alkédbile macromolecules in the cell.

The majoriy of microorganisms are neutrophiles, i.e., they have growth
optima between pH 6 and 8. Most substrates characterised in this project had
pH levels from pH 7 to pH 8.

4.5 CHEMICAL ANALYSIS TEST METHODS

To analyse chemicals with the aim to discover aedtidly the different
ingredients presents considerable difficulties: the laboratory process itself is
complicated; it needs expensive and specialised equipment; and it requires a
lot of time to succeed. In many cases, it is a research project in itself to
discover chemicals by analyses, and some complicated compounds are
impossible to identify in simple laboratories. In this research project, only
easilyavailable and common methods and uncomplicated technical tests
were used to solve the problem.

4.5.1 Reactive proof of chemicals by uncomplicated methods

It is possible to detect the presence of patina creating chemicals by visual
observation of test sheets produced by both chemical and microbial
experiments. To validate this observation, it is necessgugitform chemical
tests on samples of the colonised substrate overlying the microbial oxide
film.

Chloride C}:

In this test chloride produced a white sediment when the colonised organic
material overlying the microbial oxiddm was collected and addeo

AgNO3. For this study, 2 ml of this solution and 2 M HNO3 (nitric acid)
were mixed to generate a reaction. Then 5 drops of 0.5 M AgNO3 were
added. White sediment shows chloride or bromide. Centrifuging and mixing
the precipitate with 1 ml 6 M NH3 deogposes the chloride easily, while
bromide hardly decomposes.
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Acetate CH3COO

Acetate developed to acetic acid, and generated a smell of vinegar when
sulphuric acid, 1 ml 2 M H2SO4, was added to the colonised organic material
overlying the microbial axe-film.

Nitrate NO3:

Addition of Mohrés chloride ((HH4)2Fe (S
material produces brownish to black coloured nitrite irori@i). Two drops

of test solution are added to 1 ml concentrated H2SO4 on a porcelain disc
andtherMohr 6s chl oride is added to the sol uf
reacts as a brown/black coloured ring formed in the borderline between the

solutions.

Ammonium NH4+:

When 2 ml 6 M NaOH is added to the microbial oxfille sample, the
reaction yieldsa strong smell of ammonia when the solution contains
ammonium.

Sulphate SO42

A white sediment is produced when the colonised organic material (ca. 0.5 g
offscrape) is mixed with 1 g NaOH in 5 ml sterile water if sulphate is present.

Carbonate CO32

A strong CO2producing reaction occurs when acids (1 ml 2 M HCI,
hydrogen chloride) are added to the microbial oXible sample if carbonate
is present.

4.6 TRADITIONAL CHEMICAL PATINATION i
PILOT PROJECTS. BASC REACTIONS WITH
CHEMICALS ON COPPERAND BRASS

To indicate what reaction specific chemical ingredients can have on copper
and brass, test sheets were covered with an exact mixture containing 5 ml
distilled water and 3 grams of each chemical listed in Table Il. The chemicals
were selected based the most common chemicals from different patination
recipes, collected from various old texts about patination. The main purpose
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with this pilot project was to make a schematic reference for use in later
visual comparisons of similar oxide reactions emical patina and
microbial patina (work in progress of Tables Il and 1V).

Procedure

1. Copper and brass test sheets were cut to 40 x 60 mm, and 0.8 mm thick.

2. The solution of water and chemicals were added in the middle of the test
sheets in horiantal level, allowing the solution to divide on the surfaces.

3. Test sheets were degreased using 30 % sodium hydroxide in 1 | water and
rinsed by dipping in 96 % technical alcohol.

4. To prevent premature drying and to give time for the chemical to react

with the metal, test sheets were stored in closed plastic boxes, 200 x 400 x 10
mm, for 10 hours, at 20 °C.

Table Il

Chemicals and their reaction on copper and brass creating blue, green, and
brown oxide colours on brass and copper. Table shows hoviffée ot

chemicals react with copper and brass to produce oxide colours in various
conditions. The table does not include any separate colour reactions, only
reaction with multicolours as result. This means that there can be more than
one colour after theame test. The table lists the dominant colour on each
sheet. To investigate different classical traditional patination methods, several
recipes were chosen to make colour tests on copper and brass (see Tables Ili
and V). These test sheets were in thgmgpared for a visual comparison

(Visual Comparing Method, VCM) to decide which chemicals might be
involved in the reactive process in both microbial and classical tests. The
recipes were chosen based on which colours were most commonly
documented on tesheets of copper and brass. Multicolours including green,
lilac, turquoise, blue, and brown were common on test sheets but with a very
limited percentage of red, pink, and yellow. Black and red were also rare in
both microbial and chemical tests. To craa by traditional chemical
patination, the ingredients are of relatively poisonous character, and are not
common on artefacts. As the table shows is green the most easy and common
as oxide colour on brass test sheets.

Blue Green Brown

Copper Brass Copper Brass Copper Brass
Alum Alum Ammoniu Ammonium Ammonium | Ammoniu
Ammonia Ammonia m chloride | chloride nickel m nickel
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Iron
sulphate
Calcium
hydroxide
Calcium
permanganate
Calcium
sulphide
Copper
nitrate
Sodium
dithionite
Natrium
Hydrogen
tartrate
Sodium
hydroxide
Sodium
thiosulphate
Oxalic acid
Sodium
thiosulphate
Sulphur

Ammonium
chloride
Lead acetate
Calcium
carbonate
Calcium
hydroxide
Iron sulphate
Calcium
pergmangnate
Calcium
aluminium
sulphate
Sodium
dithionite
Sodium
hydrogen
tartrate
Sodium
hydroxide
Sodium
thiosulphate
Oxalic acid
Sulphur

Alum
Ammonia
sulphate
Antimony
chloride
Lead
acetate
Hydrogen
tartrate
Iron nitrate
Iron
sulphate
Calcium
hydrogen
tartrate
Calcium
iodide
Calcium
chlorate
Calcium
nitrate
Calcium
sulphate
Calcium
chloride
Calcium
carbonate
Calcium
chloride
Cupper
acetate
Cupper
carbonate
Cupper
nitrate
Cupper
sulphate
Sodium

nitrate

Alum
Ammonia
chloride
Ammonia
sulphate
Ammonia
chloride
Boric acid
Hydrogen
tartrate
Iron nitrate
Iron
sulphate
Calcium
Hydrogen
tartrate
Calcium
iodide
Calcium
chloride
Calcium
nitrate
Calcium
sulphate
Calcium
chloride
Calcium
carbonate
Cupper
acetate
Cupper
carbonate
Cupper nitrate
Cupper
sulphate
Sodium
nitrate
Nickel
chloride

sulphate
Lead
acetate
Iron
chloride
Iron nitrate
Calcium
Aluminium
sulphate
Calcium
dichromate
Calcium
chlorate
Sodium
thiosulphat
e

Nickel
sulphate
Sulphur
Sulphur
liver
Stannic

oxide

sulphate
Lead
acetate
Iron
chloride
Iron nitrate
Calcium
aluminium
sulphate
Calcium
dichromate
Calcium
chlorate
Sodium
sulphate
Nickel
sulphate
Sulphur
Sulphur
liver
Stannic

oxide

57




MICROBIAL PATINATION OF COPPER AND BRASS

Nickel Zinc
chloride sulphate
Zinc Zinc
chloride chloride

Citric acid Citric acid

Sodium Sodium
chloride carbonate
Tartaric Sodium
acid Chloride

Tartaric acid

4.7 TEST SHEETS FORVISUAL COMPARISON OF
COLOURS ON METALS BY TRADITIONAL
PATINATION METHODS

The most common methods for traditional patination of metal art objects are
listed in Tables Ill and IV, where test sheets are tre&tddst sheets of
copper and brass were treated methodically as follows:

1. Sawdustvas mixed with a solution of chemicals and water after strict
recipes, and test sheets were covered with mixture in closed containers or
plastic bagsTypes of awdust used in the experimentsdecomposing and
colouring tests carried out using sawdust), mixed sawdust from pine and
birch with unspecified quantity has been used. In this application no
appreciable difference could be observed in the results. The particle size or
degrees of coarseness appears to be an important factor beside humidity
conducted to patterns, but seems to have no impact on the multicolours. It is
nevertheless possible that variant affects may be produced if different types
of sawdust from other trees are used.

This sawdust method is used in both microbial patination adititnal

chemical patination recopies in this project, when adding raw ingredients to
the sawdust the important aspect is the moistened character from the
ingredientsdé humidity.

2. Test sheets were boiled or heated in solution, with controlled temperature
time and atmosphere pressure.

3. Solution was brushed onto the cold or gently heated metal surface.

% Hughes, Richard and Rowe, Micha&he Colouring, Bronzig and Patination of Metal4982 Broadway,
New York.
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4. The test sheet was mounted in a closed container without contact with
emulsion, which is placed in a disc on the bottom of the container. The liquid
generates gas while the reaction is in progress.

5. Copper and brass test sheets were cut to 40 x 60 mm, and 0.8 mm thick.
Results of the experiments are presented in Figures 2 and 3.

The most common colours in samples of multicolour appearing on copper
ard brass through the use of traditional patination methods are, in numeric
order:

. Blue to green

. Green to blue

. Green to brown

. Green to turquoise
. Turquoise to green
. Turquoise to blue

. Black to brown

. Yellow

. Red to pink

© 00O ~NO OIS~ WN P

Blue to greerare as shown the easiest and most common colours, green to
blue and turquoise follow. Black to brown is not so easy to create as patina
colours. The most difficult colour combinations to create as patina are yellow
and red. That is probably the reason wahyost all patinated artwork is

coloured green and turquoise, and rarely or never yellow and red. Another
aspect in patination methods is to create an even patina layer of one colour by
the mentioned examples, which is extremely difficult. This projeesdmt

raise this discourse about single colours. These recipes were made as a pilot
research project to prepare for the microbial patination thesis. The examples
described in the table are selected from tests based on old recipes and my
own compositions sed on art objects.

Table Ill: Traditional chemical patination on copper

Recipes for traditional chemical patination

Photo number | Recipe Technique Time
colours/ colours
produced
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1.1: Blue to Sawdust mixed | Sample test 12 hours.
green with 25 % sheet in mstic
ammonia bag to provide
humidity.
1.2: Blue to lilac.| Sawdust mixed | Sample test 10 hours
with 10 % sheet in plastic
ammonia bag to provide
humidity
1.3 Blue to pink | 85 g sodium, Sample tst 10 hours
bicarbonate in 2| sheet in plastic
dl water, 91 g bag to provide
lead acetate in | humidity.
500 g water
1.4: Deep green| Same as 1.3 Sample test 8 hours
to blue. sheet in plastic
bag to provide
humidity.
1.5:Pink to Same as 1.3 Sample test 24 hours
yellow sheet in plastic
bag to provide
humidity.
1.6: Deep pink Same as 1.3 Heated in liquid | 30 min
at 40 °C
1.7. Yellow- 125 g copper Boiled in liquid | 25 min
brown patina vitriol, 60 g at40 °C
calcium
carbonate,
1l water
1.8 Red and Same as 1.8 Heated in liquid| 30 minutes
yellow at 40 °C
1.9:Green to 3 parts sodium | Mixed with 12 hours
blue bicarbonate, sawdust, in
24 parts water, 1 closed
part ammonia | container.
1.10 Blue parts | 25 g ammonia, | Dipped and
into green. 20 g table salt, | brushed several
10 g copper times until
acetate, satisfactory

1000 g (ml) 8 %

vinegar

result appears
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1.11:Blue to Same as 1.11 | Heated in liquid | 20 minutes
green at 40 °C
1.12:Brownto | Same as 1.11 | Dipped and
green brushed several
times until
satisfactory
result appears.
1.13:Lightly Same as 1.11 | Dipped and
brown to green brushed several
times until
satisfactory
result appears.
1.14 Blue green| Same as 1.11 | Same proceduré
to brown as 1.14, heated
at 70 °C
1.15 Blue to Same as 1.11 | Sawdust 20 hours
brown mixture
1.16 Lightly 240 g sodium Heated in 10 minutes
blue to pink thiosulphate, solution at 40
259 lead °C and dried by
acetate, air while
30 g cream brushing to
tartar,1 litre create
water brushmarks in
pattern
1.17 Lightly Same as 18 Heated in 15 minutes
blue solution at 30
°C and dried by
air while
brushing to
create
brushmarks in
pattern
1.18 Blue to Ammonia Vapour of 8 hours
turquoise ammonia :

Test sheets in
closed containe
without contact
with liquid
ammonia at the
bottom of

61




MICROBIAL PATINATION OF COPPER AND BRASS

container.

1.19 Dark blue

Same as 18

20 hours

1.20 Red to
brown

Sameas 1.19

Heated in liquid
at 40 °C

90 minutes

1.21 Red

Sodium nitrate
covers test
sheet, heat with
gas torch until
nitrate melts on
surface.
Immerse in cold
water.

1.22 Red to
grey-pink

Sodium nitrate
and water in
sawdust

12 hours

1.23 Red on
brown
background

20 g ammonium
sulphate20 g
copper
carbonate5 dI
ammonia,

2 dl water

Heat to 40 °C.
Brush surface
gently while
drying in air.

2 hours

1.24 Blue to
lilac

Dip test sheets
in mixture 1.24
several times,
air dry between
dips. Brush with
soft lrush when
finished. Place
test sheets in
container with
ammonia vapout
for 2 hours

1.25: Green
basic added with
red spots

60 g ammonium
chloride,120 g
copper acetate,
1000 ml water

Test sheets
heated and
solution
brushed gently
on surfaces.
Repeat proess
until
satisfactory
result occurs.
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1.26 Basic Liver of sulphur
green with pink | brushed on
contours surface after

treatment with

mixture 1.26

until surface is

totally dried.
1.27. Red to 60 g ammonium| Test sheets
basic green chloride, heated gently
background 120 g copper while brushing.

acetate,1 litre with solution.

water Air dry.
1.28 Greenon | Same as 1.28 | Sawdust 12 hours
red mixture
1.29 Green Same as 1.28 | Testsheetsin | 15 hours
background with sawdust with
lilac and brown solution 1.3
contours
1.30:Black to Same as 1.28 | Sawdust 20 hours
dark blue with mixture
green spots
1.31: 50 g ammonium| Test sheets in | 10 hours

chloride,15 g sawdust

copper

carbonate,

10 g nitric

hydroxide,

600 ml water
1.32 Green and | Heated in After boiling in | 20 minutes
brown parts with| solution 1.32 at | solution, gently
pink mable 40 °C brushed with
pattern. brush dipped in

the solution
until drying.

1.33 Green Same as 18 Gently dried
marble effect with cloth.
1.34 Green Same as 18 Sawdust 20 hours
marble effect, mixture
stronger patter
1.35 Yellow and | 25 g ammonia, | Solution in 18 hours
turquoise spots | 20 g table salt, | sawdust
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on green 10 g copper
background. acetate,

10 dl Vinegar
1.36 Turquoise | 100 g calcium | Solution in 8 hours
contours on chlorate,200 g | sawdust
brown copper chloride,
background. 1| water
1.37 Grey to 159 Sawdust and 3 minutes
green ammonium solution

chloride, carefully heated

15 g antimony | and dried with

chloride, paper.

1 dl water
1.38 Black 159 sodium Test sheet 24 hours
contours on hydroxide,15 g | moistened with
green spots lactose, solution in 20

1 dl water °C
1.39 Pink parts | 15 g sodium Sawdust 24 hours
on greenyellow | nitrite, 15 g mixture
background. antimony,

1 dl water
1.40 Turquoise | 15 g calcium, Sawdust 2 hours
spots to green | hydrogen mixture
backgraind. tartrate,15 g

ammonium

chloride,

1 dl water
1.41 Dark blue | 5 g lead acetate, Sawdust 20 hours
to green 15 giron mixture
background chloride,

1 dl water
1.42 Orange 15 g sodum Sawdust 24 hours
spots on green | thiosulphate, mixture
background 15 g caesium

permanganate,

1 dl water
1.43 Green 15 g calcium Sawdust 5 minutes
spots on copper | hydroxide, mixture
background 15 g ammonium

cloride,
1 dl water
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1.44 Blue to 15 g ammonium| Sawdust 15 minutes
darker blue spotq chloride,15 g mixture
with green antimony
contous. chloride,
1 dl water
1.45 Blue to 15 g ammonium| Sawdust 18 hours
yellow green chloride,15 g mixture
iron oxide,
1 dl water
1.46 Dark blue | 15 g calcium Sawdust 24 hours
to green and hydroxide, 15 g | mixture
brown. antimony,
1 dl water
1.47: Pink spots | 15 g sodium Sawdust 24 hours
on copper sulphate18 mixture
background. hours,15 g
calcium,
hydrogen
tartrate,
1 dl water
1.48 Light 15 g Calcium Paper towel 5 hours
turquoise to grey| hydroxide,20 g | soaked with
Ammonium liquid
chloride,10 g
Liver of sulphur,
1 dl Water
1.49 Brown 15 g sodium Test sheets
parts on copper | hydroxide,15 g | dipped in liquid
background. ammonium several times
chloride,15 g until
iron chloride, safsfactory
1 dl water result appears.
1.50 Light blue | 10 g calcium Test sheets Treatment done
marble effect hydroxide,15 g | brushed several| regularly during 5
ammonium times and air hours.
chloride,15 g dried
copper nitrate,
1 dl water
1.51 Blue to 15 r sodium Brushing
green hydroxide, solution in 35
backgraind. 15 giron minutes and
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chloride,

15 g ammonium
chloride,

15 g sodium
thiosulphate,

1 dl water

dried

1.52:Turquoise
to green

15 g ammonium
chloride,

15 g sodium
hydroxide,

15 g sodium
thiosulphate,

15 g odium
nitrate,15 g
copper oxide,

1 dl water

Sawdust
mixture

24 hours

1.53 Blue parts
on green
background

10 g ammonium
chloride,15 g
iron oxide,15 g
sodium
hydroxide, 10 g
sodium
thiosulphate,

1 dl water

Sawdust
mixture

24 hours

1.54 Dark
brown on geen
spots.

15 g copper
nitrate,10 g
calcium
chlorate, 15 g
calcium
hydroxide,20 g
copper sulphate,
10 g sodium
tartrate,

1 dl water

Sawdust
mixture

48 hours

1.55Dark brown
to dark green

15 g copper
nitrate,15 g
ammonia,

15 g ammonium
carbonate,

15 gcopper

nitrate

Sawdust
mixture

24 hours
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1.56 Dark blue

10 g ammonia,
15 g ammonium
carbonatel5 g
sodium
thiosulphate,

15 g lead
acetatel5g
tartar,

1 dl water

Sawdust
mixture

24 hours

1.57 Dark blue
with pink spots

Same as b6

Heated solution
80°C

Dip test sheets
in solution

3-4 minutes

1.58 Dark blue
contours on
greenyellow
parts

15 g copper
nitrate,15 g
calcium
chlorate, 10 g
copper nitrite,
1 dl water

Sawdust
mixture

20 hours

1.59 Blue green

15 g ammonia,
15 g ammonium
carbonate,

15 g saium
nitrate,
1 dl water

Sawdust
mixture

24 hours

1.60Q Blue spots
on greenyellow
background

10 g copper
nitrate,10 g
calcium
chlorate, 15 g
ammoniab g
table salt15 g
copper acetate,
15 g vinegar,

1 dl water

Sawdust
mixture

24 hours

1.61 Brown

159 copper
nitrate,15 g
calcium
chlorate, 15 g
ammonium
chloride,15 g
copper acetate,

Dip in liquid
and dry several
times
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1 dl water

1.62 Blue-lilac
parts on dark
blue

15 g ammonium
bicarbonate,

10 g lead
acetatel5g
tartaric,15 g
table salt,

1 dl waer

Dip in solution
several times
regularly for
20 hours

1.63 Green on
copper
background.

15 g copper
nitrate,15 g
calcium
chlorate, 15 g
calcium
chloride,

1 dl water

Sawdust
mixture

24 hours

1.64Tourgouise
to blue and
brown

24 hours15g
copper nitate,
15 g calcium
chlorate,15 g
calcium
permanganate,
1 dl water

Sawdust
mixture

24 hours

1.65 Blue to
yellow and
green.

15 g copper
nitrate,15 g
calcium,
permanganate,
15 g copper
nitrate,15 g
calcium
chlorate,

1 dl water

Sawdust
mixture

24 hours
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Figure 4: Copper tests. Photo documentations to tab®&é 1:1cropel.
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1.21

1.22

1.23

1.24
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1.29 1.30 1.31 1.32
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1.37 1.38 1.39 1.40
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141 1.42 1.43 1.44

1.45 1.46 1.47 1.48
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1.53

1.54

1.56
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1.66 1.67 1.68
1.69
Table IV: Traditional chemical patination on brass
Recipes for traditional chemical patination
2.1: Green 10 g ammonia, | Sawdwt mixture | 20 hours

marble effect

15 g ammonium
bicarbonate,

10 g ammonium
chloride,15 g
copper acetate
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2.2: Green
background with
lilac crystals

15 g ammonia,
15 g ammonium
bicarbonate,

10 g copper
nitrate,1 | water

Sawdust mixture

36 hours

2.3: Brown to
green

15 g ammonia,
10 g ammonium
bicarbonate,

10 g sodium
thiosulphate,

10 g kad acetate
1| water

Sawdust mixture

20 hours

2.4: Bluelilac to
red.

10 g ammonum
chloride,13 g
iron oxide,15 g
sodium
hydroxide,10 g
sodium
thiosulphate,
1| water

Sawdust mixture

17 hours

2.5: Turquoise
on green
background

15 g ammonium
chloride 10 g
sodium
thiosulphate,

15 g sodium
hydroxide,

10 g sodium
nitrate,

10 g lead acetate
1 dl water

Sawdust mixture

17 hours

2.6: Turquoise
on green
background

10 g ammonium
chloride,13 g
copper oxide,
15 g sodium
hydroxide,

10 g Sodium
thiosulphate,

11 water

Sawdust mixture

16 hours

2.7: Turquoise
with red spots

15 g calcium

hydroxide,

Sawdust mixture

12 hours
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10 g ammonium
chloride,

15 g copper

nitrate,

1| water
2.8: Blue, 12 g Sodium Sawdust mixture| 45 minutes
turquoise and hydroxide,
orange 10 g ammonium

chloride,

12 glran

chloride,

1| Water
2.9: Blue to 15 g calcium 1L water 30 minutes
brown hydroxide,

15 g ammonium

chloride,

10g liver of

sulphur
2.10: Blue to 10 g calcium Sawdust mixture| 20 hours
green hydroxide,

15 g ammonium

chloride,

10 g antimony

chloride,

1 dlwater
2.11: Blue, 15 g sodium Sawdust mixture| 20 hours
coppered and thiosulphate,
orange. 10 g calcium

hydrogen

tartrate,

1| water
2.12: Brown 10 g boric acid, | Sawdust mixture| 24 hours
spots on copper | 10 g alum,
background 1 dl water
2.13: Lightly 10 g alum, Sawdust mixture| 24 hours
blue on copper | 10 g lactose,
red. 15 g calcium

chlorate,

5 dl water
2.15: Blue to 15 g calcium Sawdust mixture| 30 minutes
gold-yellow hydroxide,
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10 g nickel
sulphate,
5 dl water

2.16: Brown to
grey

15 g calcium
hydroxide,
10 g copper
nitrate,

1 dl water

Sawdust mixture

30 hours

2.17: Blueblack
to yellow

15 g antimony
chloride,10 g
ammonium
chloride,

1| water

Sawdust mixture

15 minutes

2.18: Bluelilac
to lightly green

15 g calcium
hydroxide,10 g
ammonium
chloride,

5 dl water

Sawdust mixture

3 minutes

2.19: Lilac spots
on green
background

15 g sodium
thiosulphate,
15 g calcium
permanganate,
5 dl water

Sawdust mixture

24 hours

2.20: Turquoise
spots on green

15 g lead acetatg
10 giron oxide,

Sawdust mixture

20 hours

background. 5 dl water
2.21: Blue to 15 g calcium Sawdust mixture| 20 hours
green hydrogen
tartrate, 10 g
ammonium
chloride,
1| water
2.22: Green 10 g iron nitrate, | Sawdust mixture| 30 hours
contours on 15 g antimony
copper chloride,
background 1 dl wate
2.23: Pink on 10 g sodium Sawdust mixture| 30 hours
green nitrite, 10 g
background atimony,
5 dl water
2.24: Light blue | 10 g zinc Sawdust mixture| 26 hours
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to green.

chloride,

10 g ammonium
chloride,

5 dl water

2.25: Bluegrey
marble effect

10 g ammonium
nickel sulphate,
15 g antimony
chloride,

1 dl water

Sawdust mixture

28 hours

2.26: Light pink
to green.

15 g copper
sulphate,
10 g copper
oxide,

1 dl water

Sawdust mixture

30 hours

2.27: Blue and
orange

10 g iron nitrate,
15 gcalcium
hydroxide,

5 dl water

Sawdust mixture

30 minutes

2.28 Blue to
yellow

15 g sodium
hydroxide,
10 g sodium
nitrate,

5 dl water

Sawdust mixture

5 minutes

2.29 Steel blue

10 g ammonium
chloride,5 g
antimony
chloride,

5 dl water

Boil in liquid at
40°C

13 minutes

2.30 Greyblue
with brown
drawings

15 g ammonia,
10 g ammonium
bicarbonate,

10 g copper
nitrate,

1 dl water

Sawdust mixture

30 hours

2.31 Steel grey
with green spots.

15 g ammonia,
10 g ammonium
bicarbonate,

10 g copper
chloride,

5 dI water

Sawdust mixture

23 hours

2.32 Blue with

10 g sodium

Sawdust mixture

20 hours
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green and faint
yellow

thiosulphate,
10 g lead acetatq
15 g cream of

tartar,10 g

ammonia,l0 g

ammonium

bicarbonate,

1 dl |water
2.33 Dark blue | 10 gsodium In steam from 5 minutes
and green nitrate,10 g solution
pattern. ammonia,

15 g ammonium

bicarbonate
2.34 Blue to Same as 23 Boiled in liquid | 20 minutes
grey on green at 30 °C

2.35 Green and
faint blue
drawings

10 g ammonium
chloride,

5 g copper
acetate,

10 g anmonia,
15 g ammonium
bicarbonate,

1 dl water

Sawdust mixture

20 hours

2.36 Areas of
lightly and
darker blue.

10 g ammonium
chloride,

15 g copper
carbonate,

10 g sodium
hydroxide,

10 g ammonia,
15 g ammonium
bicarbonate,

1| water

Sawdust mixture

20 hous

2.37: Brown

10 g calcium
chlorate,10 g
calcium chloride,

Sawdust mixture

36 hours

3 dl water

2.38 Fade red 15 g calcium Sawdust mixture| 20 hours
chlorate,
0.5 dl water

2.39 Dark green| Same as 28 Carefully heated
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by torch several
times.

2.40 Green

Same as 28

Dipped and air
dried

2.41: Light grey
and blue

10 g copper
nitrate,

10 g calcium
chlorate,

10 g calcium
hydroxide,

1 dl water

Sawdust mixture

20 hours

2.42 Faint blue,
green and orangg

10 g copper
nitrate,

10 g calcium
chlorate,

15 g @lcium
hydroxide,

1 dl water

Sawdust mixture

20 hours

2.43 Blue and
parts of orange.

10 g copper
nitrate,10 g
calcium chlorate,
15 g sodium
nitrate,

10 g calcium
permanganate,
5 dl water

Sawdust mixture

22 hours

2.44 Blue to
faint green

Same as 23}

In closed
container

1 hour

2.45 Blue on
green

10 g copper
nitrate,

10 g calcium
permanganate,
10 g calcium
chlorate,

1 dl water

Sawdust mixture

20 hours

2.46 Light and
dark blue on
copper
background.

10 g copper
nitrate,

5 g lead acetate,
5 dl water

Brushed and air
dried

2.48: Blue parts

15 g copper

Sawdust mixture

20 hours
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on copper nitrate,15 g
background. calcium chloride,
20 g ammonium
bicarbonate,

5 dl water

Figure 5 Brass tests. Photo documentations to tableSifle 1:1 cropel.
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2.5 2.6 2.7 2.8

2.9 2.10 2.11 2.12
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{

2.13 2.14 2.15 2.16
2.17 2.18 2.19 2.20
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2.2 2.22 2.23 2.24

2.25 2.26 2.27 2.28
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2.29 2.30 231 2.32

88



MICROBIAL PATINATION OF COPPER AND BRASS

2.37

2.38

2.39

2.40

2.41

2.42

2.43

2.44




