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ABSTRACT

Ferrous heritage artefacts either from a burial environment, or in an indoor
museum, can be either totally or partly masked by (or even comprised of) corrosion
product (CP) layers. Some CP layers reduce surface legibility and corrosion
resistance, and possibly contain altered traces of original surfaces. The correct
amount of corrosion product cleaning required for all artefact materials and

113

environments is not yet a fait accompli... As Bertholon suggests, “...we must

question our attitudes about the cleaning of other archaeological or museum

29l

objects”". The way the corrosion products evolve on mid-late Early Modern Period
wrought iron and low-carbon steel in an atmospheric environment, and any
capability of retaining the limit of the original surface (or limitos after Bertholon?), is
the topic of this dissertation. This experimental research diagnostically determined
the presence of the limitos in atmospherically corroded steel to indicate an
appropriate level of CP removal during conservation treatments of historical wrought
ferrous artefacts. Specific attention and adaptation of the findings was made to a
historically accessible and atmospherically exposed collection: the partly corroded
16M-17" century northern Italian-style wrought iron and low-carbon steel munition
armour of the Order of St John, Palace Armoury (PA), Malta.

International conservation philosophy and practice towards munition armour
with corrosion products was examined via a literature review and a questionnaire
issued for this research and returned by twenty-four armour conservator-restorers
representing twenty-one organisations based in Europe and North America.

Non-invasive and non-destructive study of the Palace Armoury’s largely
undecorated munition armour collection, and its environment, cnabled the deduction
of the specific corrosion processes, and the formation of resulting corrosion product

morphologies. The information gained from authentic armour was used to corrode

! Bertholon, 2001c, p. 11.

2 Bertholon, R. (2000). La limite de la surface d'origine des objets métalliques archéologiques:
Caractérisation, localisation et approche des méchanismes de conservation. U.F.R. d'Art et
d'Archéologie. Paris, Université Paris 1 Sorbonne-Panthéon.



quantities of armour analogues (contemporary artefact simulation material) in the
laboratory. Destructively studying the resulting corrosion product morphologies
determined that markers were present above (e.g. applied particles, protective
coating) and corresponding with (e.g. surface marks) the limitos. The limitos on
these ferrous surfaces was typified by certain vertically displaced CP morphologies
and coherency depended on their formation process and extent of underlying
corrosion. Filiform corrosion morphologies always exhibited evidence of the
previous metal surface (i.e. topographical micro-grooves) in the raised filaments of
its corrosion products. However, local to general corrosion morphologies
demonstrated that the limitos was only evidenced with these micro-grooves if the
corrosion was during its earliest corrosion phase: as corrosion in the subsurface pit
continued, any initially apparent original micro-grooves in the surface became more
displaced and were eventually totally deformed and fragmented beyond recognition.
Despite not being directly identifiable by the former micro-grooves, justification for
the retention of these deformed limitos materials was made by association with other
material properties they shared with the evidenced micro-groove CPs. The presence
of micro-grooves on both of these limitos corrosion product structures, i.e. filiform
corrosion and early local to general corrosion morphologies, was substantiated with
the PA’s munition armour, which had recently had its protective coating removed. It
was asserted that the limitos (with its definition adapted to the historical context for
this selection of munition armour) was influenced not only by the extent of
corroéion, but also by interventions from custodians of the collection while in active
service or on static gallery display.

The Palace Armoury employee, presently responsible for corrosion product
removal procedures on armour, performed current Armoury techniques on the
authentic munition armour and on the armour analogues. Documentation of these
surfaces demonstrated these techniques did not respect any of the limitos CP surfaces
determined by this research to be present in corrosion products. The PA’s approach
aims to remove all CPs above the level of the adjacent uncorroded metal surfaces and
also the CPs inside the corrosion pits; despite this being practically fully
unachievable due to the inaccessible pit depth and concerns about damaging the
adjacent metal. The presence of partly corroded surfaces in conjunction, with the
PA’s non-localised and unmagnified CP removal techniques, means that

abrading/polishing is simultaneously depleting adjacent metal surfaces on munition



armour surfaces. Using simple physical techniques available in common
conservation laboratories, corrosion product removal (to the level determined by this
research to respect the limitos) was performed by the author on the armour
analogues. The approach, necessarily under binocular microscope magnjﬁcatibn, was
time-consuming and the result was a surface dominated by corrosion products, which
are not usually retained on armour; either in Malta or internationally.

Discussion with the two Palace Armoury curators exemplified the general
subjectivity of attitudes towards corrosion products and the supposed appropriate
surface finishes for ferrous munition armour. Instability and aesthetic issues imparted
by corrosion products were the main points of discourse; in agreement with
international munition armour conservation philosophy and practice. To reach
reasoned conclusions on the subjective aspects of some conservation-restoration
approaches it was recommended conservators and curators further discuss the
objectives of an artefact CP removal treatment and inform museum staff and the-
wider public of the broad rationales. Before future decisions are made regarding this
research’s newly proposed conservative level of corrosion product removal ﬁ'om
munition armour, a reappraisal of the PA’s fundamental environment and preventive
conservation practices was recommended: a holistic perspective of the Palace
Armoury’s material-environment system would benefit the conservation of the
limitos corrosion products, and also the metal of the munition armour of the Order of

St John.
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PREFACE

This Master of Conservation applied research dissertation is complementary
to the 3.5-year (2004-2008) European Commission 6" Framework Programme
research project Promet (Protection of metals)’: a multidisciplinary consortium that
investigated advanced analysis techniques and applied anti-corrosion materials for
protecting indoor metallic cultural heritage against corrosion in the Mediterranean
environment.

One of Promet’s Maltese partners, Heritage Malta, selected the large metal
armour collection and environment of the Palace Armoury for its investigations. The
collection’s military history as functional tools of warfare and static museum trophies
has involved cycles of periodic neglect followed by undocumented enthusiastic
restoration interventions; intrinsically evidenced by the artefacts themselves.

The development and testing of barrier coatings and corrosion inhibitors new
to cultural heritage conservation was one of the main objectives of Promet. Unlike
industrial applications, heritage conservation practitioners do not have the flexibility
of creating a surface to suit the needs of a corrosion protection material. Rather, the
protection material must be principally designed around the surface properties of the

artefact.

3 For further information refer to www.promet.org.gr




1 INTRODUCTION

The development of conservation strategies based more on scientific
evidence, and less on empirical and subjective practices, is a prime objective for
contemporary conservation of tangible cultural heritage. The recognition of metal
corrosion products (CPs) as providing a resource of an artefact’s surface features,
albeit modified by corrosion processes, has grown in acceptance in the heritage
conservation domain. Since surface information (e.g. manufacture marks, evidence
of ﬁse & maintenance) and artefact shape can be found in metal corrosion products
conservation ethics require consideration of preservation of these materials.

Corrosion of historic ferrous plate body armour is an international
conservation problem. The conversion of metal into corrosion products is clearly
detrimental to the metal, but questions remain around an appropriate level of
corrosion product removal. To date, approaches to armour CPs appear to remain
empirical. This research dissertation explores the past and present conservation
strategies applied to CPs on a collection of ferrous armour on open-display in an
indoor environment. The applied research aims to determine the possible presence of
the [imit of the original surface (limitos) in corrosion products on mid-late Early
Modern Period wrought ferrous plate munition armour. It follows a diagnostic, non-
subjective approach to determine if the limitos within CP strata coming from its last
metallic state might be identifiable and practically conservable during a treatment
intervention.

Chapter 2 presents the historical, scientific, and conservation background to
the problem as sourced from the literature and personal communications. The mid
16"-mid 17" century northern Italian-style munition armour of the Order of the
Knights of St John, housed at the Palace Armoury (PA), Malta, was used as a
corrosion case study and their history is described in detail in that chapter. The wider
context of current international armour conservation-restoration philosophy and

practice and recently developing approaches to archaeological metal conservation-



restoration are also presented; the latter comprises a summary explanation of
Bertholon’s work on the original surface limits of archaeological metals.

Cﬁapter 3 provides the framework and rationale supporting the practical
experimental methods of the research and includes details on the employed materials
and techniques of investigation. As an innovative means of advancing the research
question, the fabrication of contemporary experimental metal samples, which were
purposefully made with corresponding and superior limitos markers, is described
there. '

Chapter 4 presents the results and results’ interpretation from the various
experimental research phases performed at the Palace Armoury and in the laboratory
on authentic mid 16™-mid 17™ century munition armour, and their contemporary
analogues. The gradual determination of the limitos on these materials is realised in
this chapter.

Chapter 5 discusses the validity of the methodology and results, and the wider
implications for historic armour conservation and their corrosion products.
Collaboration with the two Palace Armoury curators provides conservation-related
discussion stemming from curatorial perspectives about the munition armour’s
surface stability, significance and aesthetics.

Chapter 6 concludes the research by summarising the major findings and
relates their consequences to: conservators practically approaching the corrosion
products on the Palace Armoury’s wall-displayed munition armour, and also to
curators who must consider their role in the corrosion process-corrosion product
‘removal cycle and the historical significance of these armour’s surfaces.

Chapter 7 and Chapter 8 respectively outline wider recommendations for the
Palace Armoury’s holistic environmental management and future research avenues
for the determination of the limitos on more heavily corroded wrought ferrous metals

in atmospheric environments and with other material-environments.



2 HISTORICAL, SCIENTIFIC & CONSERVATION CONTEXT

This opening chapter provides the background to the subsequent experimental
research by: detailing the long and varied historical development and management of
the munition armour now at the Palace Armoury; outlining concepts and examples of
ferrous corrosion in indoor environments; and summarising important developments
in the conservation of modified original surfaces in the corrosion products of metal
archacological artefacts. Philosophy and practice of contemporary armour
conservation-restoration is presented via a literature review and via the presentation
of trends recorded by a current international questionnaire on ferrous munition
armour and their CPs. Complementary reference to the PA and its munition armour
is made throughout with information obtained from recent material and

environmental science studies.

2.1 THE ORDER OF ST JOHN & MALTA, THE PALACE ARMOURY
MUNITION ARMOUR COLLECTION: FABRICATION, HISTORY &
ENVIRONMENT

This subsection summarises the numerous major historic events and policies,
distant and more recent, which have brought a specific and large part of the Palace
Armoury collection to its present day environment and conservation condition.

October 26, 1530 marked the arrival in Malta of the itinerant Christian
Hospitaller Knights of the Order of St John of Jerusalem, heralding in a new époque
of Maltese history®. Previously, the defeated Knights and their loyal Rhodian
followers, then led by Grand Master Philippe Villiers de L’Isle Adam, were evicted

* For the historical development of the Order of the Knights of St John of Jerusalem from charitable
monks (late 11 century) serving Christian pilgrims in the Holy Land of Levant during the
Holy Crusades, to assailants against the Muslim faith (mid 12™-early 13® century onwards) and
to a corsairing Mediterranean naval power (post late 13" century) based in Cyprus, Rhodes and
Malta, the reader is referred to: Mizzi, J. (1970) A Bibliography of the Order of St. John of
Jerusalem (1925-1969). Malta, Council of Europe; and Mallia-Milanes, V. (ed.) (1993)
Hospitaller Malta 1530-1798: Studies in Early Modern Malta and the Order of St John of
Jerusalem. Malta, Mireva Publications




from Rhodes by Suleiman the Magnificent and his Ottoman Turks’. Finally after
seven years of negotiations with Charles V, King of Spain and Holy Roman
Emperor, an agreement was reached that allowed the Order to settle in the Maltese
Islands®. The proximity to the so-called infidel (in Levant and northern Africa, Figure
2-1) made Malta suitable for the Order to continue waging their religious war on
Islam, while also offering relative isolation and autonomy from other various adverse

affairs in continental Europe’.
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Figure 2-1 The Islamic world circa AD 1500 (below broad green line) and Malta on the
Christendom frontier®

Inevitably, the Order’s continuing regional presence, forming a frontier
between seemingly irreconcilable faiths, made the organisation and distribution of a
large military capacity for the Order a life or death necessity. The Palace Armoury
building and its contained movable heritage forms a significant part of the tangible
history of the Order’s military organisation in Malta’. The present collection of arms
and armour housed at the Armoury of the Grand Masters’ Palace, Valletta, Malta
(Figure 2-2) is testimony to its erratic history. Ever since the collection’s intermittent
commissioning and acquisition, it has always remained in the custodianship of the

governing administration of the day and subsequently witnessed fluctuations in its

° Mallia-Milanes, 1993, pp. 2, 5

¢ Ibid., pp. 2-3

7 Ibid., pp. 2-3, 7-8

8 Brice, 1981, http://ccat.sas.upenn.edu/~rs143/map6.ipg — accessed 03/02/2007
? Magro Conti, 2007, pers. comm.




interest and consequent welfare'’. The last decade of the PA has been subject to high
visitor attendance!!, while more recently, scientific investigations have followed,

including those relevant to this research dissertation.

Gozo

Comino

Grand Master’s
Palace & Palace
Armoury

Figure 2-2 Upper left: Context map of the Maltese Islands with the cities of Valletta, Vittoriosa
& Mdina' Upper right: Context aerial view of the Palace Armoury in Valletta™ Lower left:
Exterior of Grand Masters’ Palace, Republic Street' Lower right: Exterior of Grand Masters’
Palace Armoury, Merchants Street'®

The development and provenance of the arsenal housed at the Palace
Armoury can be traced to before Grand Master Alof de Wignacourt who installed it
within the Grand Masters’ Palace in 1604'®. The armoury’s transferral from opposite
the Palace in Piazza San Giorgio was one of Wignacourt’s military reforms

undertaken when a perceived threat from the Turks had arisen, and when greater

' Ibid.
T Over 100 000 persons per annum (Argyropoulos, in press, Chapter 5, p. 17) )
2 MEPA, 2006, http://www.mepa.org.mt/Planning/index.htm?MapServer.htmé& 1 — accessed
12/08/2006 :
" Tbid.
:‘;’ Crawford, 2005-2007, pers. photog. permission courtesy of E. Magro Conti
Ibid.
16 Spiteri, 2003, pp. 69, 75



regulation of firearm proliferation was demonstrated by a series of decrees made by
the Order from the mid to late 16™ century'’. An engraving (Figure 2-3) depicts the
Grandmasters’ Palace at a time when the upper floors of the future Palace Armoury

were not yet constructed'® and the Publicca Armeria, as it was referred to, was still

located in Piazza San Giorgio™.

Pubblica Armeria location
in Piazza San Giorgio

(|

o ks 7 FOEETRY N | B A R AU
Figure 2-3 Detail from an engraving of Valletta Francesco Villamena published in 1602 in
Giacomo Bosio’s History of the Order of St John’. It is possible that the content of the map
dates even earlier since it is said the map was a copy of an earlier map dating to 1582*

Some of the artefacts in the collection date from before the Great Siege of
Malta (1565), and some were brought with the Order to Malta®’. The collection
currently under custodianship of the Palace Armoury is vast and varied. Not only
does it comprise the arms and armour currently housed on the ground floor of the
Grand Masters’ Palace of the Order of St John, but it also includes items found in the
Grand Masters’ Palace State Room corridors, various government ministerial
buildings, former auberges of the Knights, and other sites around Malta and Gozo™.
The heterogeneity and wide distribution (with varying environments) of such a

collection makes its accurate description, conservation assessment and historical

17 Spiteri, 2003, pp. 72-73, 127

'8 Bonello, 2001, p. 28,

19 Spiteri, 2003, p. 12

% Ganado, 2001, p. 16

2! Spiteri, 2006, p. 71

22 Spiteri, 2003, p. 17

2 Magro Conti, 2007, pers. comm.



development impossible for a single research framework of this size. To focus on
one research question, armour of one typology (i.e. shape, features etc.) currently
housed in the Palace Armoury and attributable to the Order of St John is considered

here.
2.1.1 ARMOUR TYPOLOGY, DATING & PROVENANCE

The specific group of artefacts in this study are plate munition armour. They
are of a Pisan typology believed to date to the mid 16"™-mid 17" centuries and
provenance from northern Italy** % (Figure 2-4). The armour consists of half-
armour, not full suits (harnesses) with full leg and foot protection. This group of

armour is hereafter often simply referred to as munition armour.

Figure 2-4 Assembly of 16"-17" century northern Italian-style munition half-armour and
helmets of the peaked morion type at the Palace Armoury?®

The exact workshops or suppliers are unknown, as hallmark stamps are
generally not found and subsequent historical research has been minimal*” %,
Unmarked armour is typical of lesser quality Italian steel armour even more so after

the debut of the 16™ century®. However, it is likely that the workshops could have

** bid.

2 1t is clarified that a northern Italian typology is probably Italian, but not certainly, since it is possible
that a northern Italian style could have been copied and produced outside northern Italy
(Stroud, 2006-2007, pers. comm. & Williams, 2003, p. 61).

%6 Crawford, 2005-2007, pers. photog. permission courtesy of E. Magro Conti

" Magro Conti, 2007, pers. comm.

8 Only a fraction of one percent of the archives of the Order of St John has been consulted and has
identified the armour workshop of one armour suit (Magro Conti, 2007, pers. comm.).

** Williams, 2003, pp. 67, 203-204



been located in Milan and Brescia, two towns that were arms and armour production
centres of northern Italy’s Lombardy region’’. Brescia is reputed to have made more
mass-produced armour and less high quality ones’'. By the early 15" century, Milan
is cited as being involved in armour mass-production as evidenced by the city’s
fulfilment of an order of 6 000 armour (including 2 000 infantry armour) in several
days®. Such earlier mass-production would have later been suitable for the numerous
munition armour of the 16™-17" centuries found today at the Palace Armoury. An
eminent metallurgist of historic arms and armour, Dr Alan Williams, points out that
the Lombardy region was still capable of such production until times contemporary
to the munition armour in this study, “Milan and Brescia continued to make mass-
produced armour of modest price until well into the 17™ century*.

These munition armour were maintained by the Order, but were worn by the
permanent troops (mercenaries from all over Europe) of the Knights of the Order of
St John and are importantly to be differentiated from the types worn by the Knights
and the Grand Masters in ceremony, the latter two types bearing increasingly

decorated surfaces (Figure 2-5)**.

Figure 2-5 Left: Northern Italian-style etched Knight’s Armour (circa 1570-1580)* Right:
Northern Italian Pisan style gilt parade armour of Grand Master Verdelin (circa 1580)*

% Ibid., pp. 56-58

3! Ibid., p. 57

* Ibid.

3 Ibid., p. 211

3* Stroud, 2006-2007, pers. comm.

3 Crawford, 2005-2007, pers. photog. permission courtesy of E. Magro Conti



The munition armour currently comprise the majority of the armour in the
Palace Armoury collection and are displayed predominantly on the walls of the two
Arms and Armour Halls, in the Palace corridors and are also stored in the reserves’'.
The following subsections outline the fabrication of these armour and trace the
development of the armour’s history, their cleaning®® interventions and the ambient

environment, which these armour are likely to have experienced.
2.1.2 MUNITION ARMOUR FABRICATION: MATERIALS & TECHNIQUES

Broadly, the munition armour at the Palace Armoury are made predominantly
from multiple forged ferrous® (iron (Fe), or steel) metal plates (lames) of varying
dimensions. The following subsection outlines the possible processes involved in
producing these major components of the armour. Significantly, the munition armour
at the PA were fabricated during a period when northern Italian munition armour
production standards had regressed: poorer quality and non-hardened ferrous metals

WEre more common4°.

2.1.2.1 Metal extraction & processing

Biringuccio, a Siennese metallurgist and armament maker of the 16™ century,
attests to the abundance of iron ores of various kinds in Italian regions, including
Brescia, during the 16" century®': a potentially convenient local resource for
Lombard armour production. The specific processes of ferrous ore smelting®, and
any conducted fining®, to produce the metal for the many individual plates
comprising the Palace Armoury munition armour are unknown. Extractive

metallurgy cannot be fully determined merely from metallographic studies* and the

38 Spiteri, 2001, pp. 134-135

37 Magro Conti, 2007, pers. comm.

38 For purposes of brevity, “cleaning” will often be used to refer to “corrosion product removal” and is
not to be confused with cleaning surfaces of foreign deposited particles. Cleanmg away of these
corrosion products can therefore be partial or complete.

3% For purposes of convenience and brevity, when discussing iron and iron-based metals like alloys
such as carbon steels, they will often be grouped as being ferrous. In the cases where
information is specific to either iron or steel, these specific terms will be applied. This is not to
be confused with the ferrous ion (Fe”") when discussing the iron cation or with corrosion
products/mineral species based on this cation — clarification will be made in the instances
where the 2+ valence state cation is intended.

“© Williams, 2003, p. 203

*! Biringuccio, 1990, p. 61

#27.1.2.1.1 Direct process: bloomery furnace, 2.1.2.1.2 Indirect process: blast furnace & finery, &
2.1.2.1.3 Blast furnace-direct process

#2.1.2.1.2 Indirect process: blast furnace & finery & 2.1.2.1.4 Cofusion-indirect process

*“ Dillmann et al., 2002, p. 327



collection has barely been studied in terms of slag®> composition*® *7. Nonetheless,
since both iron and steel (mostly of the low-carbon type)* are known to be present in
the munition armour and they are typologically dated to the mid-late Early Modern
Period®, these metals were likely to have been produced via a certain number of
processes. The most commonly cited ferrous smelting processes active during the
mid-late Early Modern Period are either the direct or indirect processes.

The direct process (otherwise known as the bloomery process), is the much
older of these two processes in Europe and was first established in and disseminated
from the Caucasus and the Fertile Crescent during the second millennium BC’. Two
to three thousand years later, in the 12" century, the development of the European
indirect process began.

Of note, there appears from the literature to be some uncertainty as to the
precise possible procedures of iron and steel production at the time, and also
specifically for mass-produced items like the munition armour: questions remain
about the way the furnaces and fineries attributed to these processes were operated".
Whatever the modus operandi, a forgeable ferrous metal was obtained that was more
or less heterogeneous in its composition in terms of microstructural phases and
inclusions®®; key characteristics that affected its working life performance® and
subsequent corrosion™.

During the 14™ century in Italy, larger metal plates emerged and they were
generally of steel®. However, the subsequent centuries progressively witnessed a
fegression in the quality of Italian munition armour. Studies by Williams
demonstrate that the mass-produced Italian steel armour of the 16™ century contained
less carbon than of the previous century and armour of the 16™-17" centuries further

worsened in quality “...as iron becomes commoner for munition armour, and its slag

* Silicates and oxides inside the iron ore: 2.1.2.1.1 Direct process: bloomery furnace

¢ Magro Conti, 2007, pers. comm.

7 Discriminating analysis techniques of inclusions (Dillmann et al., 2002) and applications to armour
are developing (Williams, 2003, p. 891).

8 Low-carbon steel is classified, by contemporary termmology, as containing <0.30% carbon
(Chandler, 1998, p. 32).

* Vella et al. 2004, pp. 221-222, 230

° Williams, 2003, p. 5

>! Ibid., pp. 886-889

329 .1.2.1.1 Direct process: bloomery furnace & 2.1.2.1.2 Indirect process: blast furnace & finery

%3 Williams, 2003, p. 879

>* Chandler & Hudson, 2000, p. 5

> Williams, 2003, p. 56
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2956

content increases™ . Steel’s superior hardness over iron is attributable to its

increased carbon content. Based on the literature review below on metal smelting
processes and on an admittedly small sample of eight munition armour from the

Palace Armoury investigated by Vella et al.”’

, the metallurgy of the PA armour
appears to fall within the quality trends outlined by Williams. The fabrication
processes for this wrought heterogeneous product with inclusions made it less like

contemporary steel, which lacks slag and features far greater homogeneity*® *°.

2.1.2.1.1 Direct process: bloomery furnace

Historically, metal extraction from the iron ore (gangue) as a liquid was not
initially achievable since the melting point (MP) for iron (1535°C) was not easily
attainable®. The direct, or bloomery process, managed to extract a metal, but in a
non-liquid state. The process involved heating granulated iron ore in a masonry
furnace of 1-2 metres height®'. Oxygen (0,) necessary for combustion was supplied
from the exterior with pipes (fuyeres) that were fed by bellows®?. Charcoal, wood and
the mostly enclosed shaft furnace structure provided the fuel and reducing
atmosphere (i.e. sufficiently deficient in oxygen) to reduce (smelf) the iron from the
iron ore (Equation 2-1).

FeOg) + Ce Fe T COg
Equation 2-1 Simplified smelting representation of iron oxide reduction to elemental iron®

Iron ore reduction to iron was achieved at circa 700-800°C. However, higher
temperatures were required to liquefy the slag; facilitating its physical separation
from the reduced iron®. Slag is known to lessen mechanical resistance properties
required for armour® %. Slag is very common in bloomery iron but, «.. .high quality
products may show very little evidence of slag content™’. At 1205°C the MP of the

most common slag species, iron silicate (fayalite, 2Fe0.Si0,), was reached and

% Ibid., p. 889

7 Vella et al. 2004

%% Buchwald & Wivel, 1998, pp. 76, 94-95

* Gale, 1969, p. 7

% Scott, 1989, p. 8

¢! Williams, 2003, pp. 4, 877 & Buchwald & Wivel, 1998, p. 73
62 Buchwald & Wivel, 1998, p. 76

% Williams, 2003, p. 879

 1bid., p. 4

% Ibid., p. 879

5 The effect of slag on corrosion is later discussed: 2.2.3.3 Uneven local to uneven general corrosion
87 Scott, 1991, p. 102
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limited separation occurred by settling or tapping out the slag from underneath the
bloom furnace®® ®. Figure 2-6 demonstrates the schematic layout of some earlier

bloomery furnaces.

side view

(a)

Figure 2-6 Section and plan perspectives of three bloomery furnaces dating from the Middle
Ages™

The result coming from the bloomery furnace, when operated under direct
process conditions, was the bloom: a porous, semi-solid mass of heated iron
containing high and varied amounts of encapsulated inclusions’'. A host of non-
ferrous metal oxides present as slag inclusions in non-contemporary direct process-
derived iron has been reported in the literature, including oxides of sodium,
magnesium, aluminium, silicon, phosphorus, sulphur, potassium, calcium, barium,
titanium, vanadium and manganese 2. Inclusions came from remaining unreduced
iron ore, added flux or developed via formation with the furnace walls™. Physically
decreasing the impurities using the bloomery furnace, via liquid slag & solid metal
viscosity differences at elevated temperatures, has already been described.
Chemically decreasing the slag present in the direct bloom was achieved via more
reducing conditions in the furnace when carbon could reduce some, but not all, of the
non-elemental iron in slag to iron. The result would simultaneously increase (at least

locally) the carbon content of an iron (i.e. ferrite™) bloom thereby making a steel

% Williams, 2003, p. 4

% Tylecote, 1976, p. 88

7 Tylecote, 1992, p. 76

' Ibid., p. 96 & Williams, 2003, pp. 4, 879

2 Buchwald & Wivel, 1998, pp. 80-81

 Williams, 2003, p. 4

™ ferrite = a solid solution in body centred cubic iron, and carbon being the typical solute (Chandler,
1998, pp. 38-39).
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(e.g. pearlite” with cementite’, i.e. hypereutectoid’’ or pearlite with ferrite, i.e.

hypoeutectoid78)79 (Graph 2-1).
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Graph 2-1 The iron and steel section of the iron-carbon phase diagrami;-'i

The bloomery or shaft furnace is largely attributed to have only made iron
and not steel, but it is known from remnant excavated fragments and experimental
archaeology that carbon steels, even cast iron (if only accidentally) could be made
from such furnaces®'. Neither a homogenous iron, nor a homogenous steel product
was obtainable in the time span that a bloomery furnace could burn. Some parts of
the bloom were fully reduced to iron and contained parts richer in carbon (0.4-0.7%);
these areas were identified and separated for production of articles that benefited
from the harder properties of this steel product®.

The generally negligible or lower carbon content of bloomery iron (especially
when compared to cast iron®), made it malleable for forge work and it is for this

reason it is also referred to as wrought iron. Wrought iron contains circa 0.03%

7 pearlite = Fe/FesC (i.e. ferrite and cementite laminations) (Spence, 2005, p. 43).

76 cementite = Fe;C (Spence, 2005, p. 43).

77 Brandt, 1992, p. 149

7 Ibid.

7 Williams, 2003, p. 879

80 Seott, 1991, p. 132

81 Williams, 2003, p. 877 & Hawthorn & Stanley Smith footnote citation in Theophilus, 1979, p. 183
82 Buchwald & Wivel, 1998, p. 86

83 2.1.2.1.2 Indirect process: blast furnace & finery
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carbon and 1-3% slag, the latter being physically mixed rather than chemically®*. An
important step for lowering slag content was performed out of the furnace and was
undertaken by hammering out some slag (bloom consolidation). The quality of this
work would determine the amount of slag as inclusions still trapped inside the
resultant ingot or biller®. This process elongated the remaining slag perpendicular to
the forging action®®. .

The small size of a bloom obtained from the direct process in a bloomery
furnace, and the fact that it was made by a batch process (i.e. stopping and starting
the furnace) made it unsuitable for mass production of plate armour; such as was
probably required for the Palace Armoury’s munition armour. Large plates of armour
between 2.5-4.5kg required a billet of at least 10kg making such production via the
direct process difficult®. It was also preferable to make a plate of armour from one
single billet since forge-welding numerous plates together was wasteful of the metal:

due to oxidation and increased risk of inclusion eritrapment from the forge®®.

2.1.2.1.2 Indirect process: blast furnace & finery

The second method available at the time for possibly producing ferrous metal
used in armour fabrication took a lengthier, more circuitous route than the direct
process: hence the appellation indirect process. Despite greater fuel consumption, the
advantages of the indirect process over the direct included: continuous operation;
greater ore to metal conversion efficiency; and ability to smelt inferior ores®.

The indirect process comprised two steps in separate furnaces and hearths

that yielded different ferrous materials of varying carbon content®’:

1.  Blast furnace — cast iron (circa 4.0 C%)
2.  Finery hearth — steel (circa 0.1-0.8 C%)

BLAST FURNACE
The earliest claimed European blast furnace is attributable to Sweden and
dates to the mid-late 12™ century®'. Normally, the blast furnace comprised a top

feeding chimney and a hearth with two openings: an upper one for the air source; and

¥ Schweitzer, 2004, p. 646

% Dillmann et al., 2002, p. 327

8 Scott, 1991, p.7

8 Williams, 2003, p. 56

8 Ibid., pp. 56, 878

% Ibid., pp. 880-881 & Tylecote, 1992, p. 96
* Buchwald & Wivel, 1998, p. 74

! Ibid., p. 87 & Tylecote, 1992, p. 76
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a lower one for accessing the reduced and liquefied metal. The continuous blast of air
came from bellows that were typically powered by watermills located in adjacent
streams (Figure 2-7 & Figure 2-8)°% Biringuccio attested to the use and benefits of
hydraulic power for bellows during the characteristically large-scale operations of

the blast furnace”

Bellows

dé ; "‘E D/
= ‘L*Lu*::c@). e 5
Figure 2-7 Left: Sixteenth century illustrations of Italian blast furnaces of various shapes

powered by a watermill® Right: A bellow and blast furnace’® Note all furnaces are producing
liquid material

AP

product

Rl DR

side view

ﬂll_lTWJ_, ¥ \

pian

Figure 2-8 Left & Right: Contemporary technical elevatlon and plan of a hydraulic blast
furnace (circa 16™ century)*

By smelting granulated iron ore with fuel in a bigger and taller furnace that
was blasted with more air, higher temperatures and more transformations could occur
to the reduced iron: notably an increased carbon content. As the carbon content
increased towards 2.0%, the MP of the fraction further decreased (to a minimum of
1147°C) thereby encouraging even greater absorption of carbon (Graph 2-2)"”. As a
liquid metal, the carbon could then more easily diffuse into the metal thereby

potentially creating even higher carbon concentrations (circa 4%)98

%2 Tylecote, 1992, p. 97

% Biringuccio, 1990, pp. xiv, 22

* Ibid., p. 150

% Ibid., p. 64

% Tylecote, 1992, p. 97

°7 Williams, 2003, p. 880 & Buchwald & Wivel, 1998, p. 74

% Buchwald & leel 1998, p. 74 & Dillmann et al., 2002, p. 327
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Graph 2-2 The iron-carbon phase diagram including, iron, steel and cast iron phasesw

The molten metal (with infused carbon) was easily drained away from the
less dense slag. As a result the cast iron, at this stage, was almost free from slag
inclusions and unreduced componentsmo. This increased carbon concentration and
little slag marks a contrast with bloomery iron. However, the elevated concentrations
of carbon resulted in embrittlement: making steel unsuitable for the forge work

required for armour plate productionml.

FINERY HEARTH

To make cast iron from the blast furnace forgeable, its carbon content would

have been lowered by oxidation'”

. This process was performed with small lumps of
cast iron in an open oxidising finery hearth at circa 1150°C'®. As the metal lumps

lost carbon content the metal resultantly solidified (due to the rising MP as carbon

% Scott, 1991, p. 132

1% Dillmann et al., 2002, p. 327

%1 Williams, 2003, p. 881

192 Buchwald & Wivel, 1998, pp. 88-89 & Dillmann et al., 2002, p. 327
1% Buchwald & Wivel, 1998, p. 89 & Williams, 2003, p. 882
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concentration decreased: as per Graph 2-2) and were then consolidated into one
mass’ %,

Negatively, while the fining process involved the subtraction of carbon, it
also coincided with the formation of a heterogeneous metal that was “...just as likely
to be full of slag...” as bloomery iron'®. Elements such as phosphorous, silicon and
iron in the previously relatively slag-free cast iron were oxidised and therefore
became inclusions'®. These inclusions were partly extracted via hammering that also
flattened the resulting bloom before its cutting and distribution'”’. The use of
hydraulic power was here again drawn upon: this time as automated trip-hammers to

produce sheets of plate metal'®.

2.1.2.1.3 Blast furnace-direct process

Williams cites some scepticism towards the fining stage of the indirect
process. He states that the practical achievement of enabling decarburisation to occur
at an intermediate level between cast iron and iron would have been difficult to

achieve due to instability of the finery hearth temperature'®

. Williams has suggested
the possibility of the blast furnace being operated like a bloomery furnace''°. In brief,
Williams supposes that blast furnaces supplying Italian armourers were not used to
create cast iron indirectly for armour, but instead to directly create the laiger blooms
necessary to make armour platesm. It is unclear whether the ironmaster certainly
limited the carburisation occurring in the blast furnace so as to attain a forgeable
carbon steel suitable for armour and to avoid formation of liquid cast iron and the

subsequent finery process: Williams believes ironmasters had such capabilities' .

2.1.2.1.4 Cofusion-indirect process

Alternatively, Biringuccio describes an indirect steel-making process,
cofusion, which involved the repetitious addition of masses of bloomery iron
(negligible or low carbon content) to a continually heated receptacle of molten cast

iron (high carbon content). The process ended when the mixture became “...soft and

1% Williams, 2003, p. 882

1 1bid., & Buchwald & Wivel, 1998, p. 89

1% Dilimann et al., 2002, p. 328

17 Buchwald & Wivel, 1998, pp. 74, 89

198 Williams, 2003, p. 881 & Biringuccio, 1990, pp. xiv, 22
19 Wwilliams, 2003, p. 888

"% 1bid., p. 889

" bid., p. 878

2 1bid., p. 881
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pasty...” whereby it appears this might have been caused by the dilution of its carbon
content; as a result, the MP rose, thereby beginning to solidify the mass''®>. To
increase even carbon distribution, the carburised material was periodically extracted

cooled and broken up and returned to the bath!'*.
2.1.2.2 Munition armour forming

The various anatomical parts that comprise half-armour are given in Figure

2-9.

morio
check-picces
or cr laps

aorgel larze

pauldron
rerebrace
breasiplale

conler

vambrace

Lassel

Figure 2-9 Left: Annotated appellation of worn etch-decorated'"” half-armour (breast and
backplates are covered by a surcoat marked by the Order of St. John ensign)116

The Palace Armoury’s collection of munition armour under study is present
in three distinct relative sizes; small; medium; and large: supporting the notion that
mass-produced munition armour were not custom-fitted to particular soldiers''’.

To help briefly outline some of the processes necessary to transform the
metal billet to fabricated armour, the munition armour of this study are further
described here. The munition armour are relatively lightweight (0.8-1.2mm in
thickness''®) and would have been hammered from sheets. The concave shaping of
the sheets was wrought, probably hot, by hammers on anvils, stakes, dishes etc!?

(Figure 2-10).

' Graph 2-2
114 Biringuccio, 1990, pp. 68-69, Tylecote, 1992, p. 105 & Williams, 2003, p. 887
"5 The etched surfaces depicted are not representative of the armour in this study.
116 Spiteri, 2003, pp. 55, 384
"7 Magro Conti, 2007, pers. comm.
18 As measured by the present author on the various lames on 8 different munition armour assemblies
19 Biringuccio, 1990, p. 370 & Williams, 1978, p. 132
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Figure 2-10 A 15-16" French manuscript depicting hot forming of a breastplate or backplate by
hammer on an anvil'?

Shears would have made the final cut, trimming away excess metal. The
outer surfaces of munition armour at the PA are largely plain and undecorated, while
the decorations that do exist are modest. The most common decorative forms of this
typology include spirals (volutes) and edging formed by repoussé (surface embossing
by hammering reverse of sheet metal), roped edges (outer edges of ferrous plates
have been rolled over drawn wire then hammered or filed to give a cord-effect)

(Figure 2-11).

120 price, 2000, p. 60
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Repoussé
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trimming

Roped
edges

Indented
edges

Rivets

Figure 2-11 Typical mid 16"-mid 17" century northern Italian-style munition armour at the
Palace Armoury'?. Left: Breastplate and tasset. Right: Pauldron, upper cannon (rerebrace),
couter and lower cannon (vambrace)

More rarely, single acid-etched or chisel-engraved lines appear as trimming
or centrelines. These might have been used for evolving symmetry during pattern
making and forming. Some lame edges were cut in an indented manner thereby

providing positioning for adjacent lames'*.
2.1.2.3 Munition armour heat-treatment

In addition to the hardness imparted by carbon structures of cementite in
steel, this carbon presence permitted armourers to further increase hardness of steels
via quenching'®. Quenching could have been carried out by rapidly cooling the hot
metal by immersion in a liquid: water for a hard-quench; or oil for a slack-quench,
for example. The hardness increased with the quicker rate of cooling, and unless later

124

tempered, quenching could lead to embrittlement The improved physical

properties were attributable to microstructural changes to bainite (acicular shape) or

125

martensite (lath shape) According to Williams, pre-1530 hardening of

undecorated Italian armour seldom occurred, while post-1530 the practice was

12! Crawford, 2005-2007, pers. photog. permission courtesy of E. Magro Conti
122 Stroud, 2006-2007, pers. comm.

12 Wwilliams, 2003, p. 879

Tt Tylecote, 1992, p. 52

12 williams, 1978, p. 132
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discontinued “”. A sample of six undecorated late l6th-early 17" century northern

Italian armour studied by Williams supports this theory since all of the samples were

classified as being air-cooled low-carbon steel (i.e. hardening was neither achieved,

127

nor attempted) . All of the seven steel samples of 16™-17" century northern Italian-

style munition armour from the Palace Armoury examined by Vella and Williams

appear to have been air-cooled: remaining consistent with the hypothesis that
hardening of munition armour in Italy was not performed post-1530'%.
2.1.2.4 Munition armour surface finishing

For munition armour a series of three basic manufactured outer surface
finishes'® has been proposed by Robert Smith'*’, a prominent authority on armour

conservation and restoration:

1. “Rough from the hammer: The piece was hammered into shape and was then
planished (smoothed to a greater or lesser extent using a flat hammer and a
stake).”

2. “Rough filed: This is not common, but surfaces exist which have been planished
and then rough filed smooth: file marks are still evident.”

3. “Polished: The piece would have been planished, rough filed and then polished to
a bright finish using successively finer abrasives” (Figure 2-12).

Figure 2-12 An illustration from Hausbuch der Mendelschen Zwolfbriiderstiftung (circa 1571)
depicting an armourer using a hydraulic powered polishing/grinding wheel™!

In a foreign collection, other half-armour of strikingly similar typology

(Pisan), period (1560-1570) and provenance (northern Italy) has been shown to bear

126 Williams, 2003, p. 211

27 1bid., p. 209

128 Vella et al. 2004, p. 230

129 Exclusive of decorative applied and depletion techniques (gilding, etching etc)

130 Author and former Head of Conservation, Leeds Armoury, United Kingdom and currently in
private practice

1 price, 2000, p. 264
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132) that underneath still exhibit

so-called browned surfaces (intentional oxide layers
rough from the hammer marks (Figure 2-13). This particular armour present at the
Kunsthistorisches Museum is believed to be that used by an infantry foot soldier;
however earlier in the mid 1500s nobility sometimes wore armour of this
description'®. This Kunsthistorisches Museum armour is in contrast to the Palace
Armoury armour in this study, which currently have smooth, non-facetted metallic
finishes. The outer surfaces from manufacture of the PA munition armour are

believed to be of a brilliant metallic finish and therefore belong to the third surface

classification above: i.e. polished'?’.

Hammer impact marks Browned surface finish

Figure 2-13 “Northern Italian foot soldier/infantry armour (c. 1560-1570)” '*¢ at Vienna’s
Kunsthistorisches Museum'®’

Since the PA munition armour have been highly intervened over the last
centuries the probable modification of the armour surfaces since manufacture is not
disregarded'®®. The exposed outer surfaces present today do not testify such browned
surfaces and without further study of a larger corpus of these armour (in particular
between lames and under rivets) it is supposed for now that the outer surfaces of the

armour in this study were more likely to have been fabricated with the polished

2 Smith, 2006, p. 28

133 Anon. Display caption. Inv No A 1045

134 § e. the still metallic uncorroded surfaces

135 Stroud, 2006-2007, pers. comm. & Smith, 12/06/2007, pers. comm.

136 Anon. Display caption. Inv No A 1045

37 Crawford, 2005-2007, pers. photog.

138 7.1.3 History of the Palace Armoury’s 16™-17"™ century northern Italian-style munition armour
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finish. In contrast, it is supposed that the inner surfaces of armour were not polished
of their hammer-scale oxides'®.

A conservator’s awareness of the various manufacture surface finishes of
armour is of high significance to detecting and acting on preserving any such
remnant original or modified original surfaces. Armour’s manufactured surface
finishing is an area of metallurgy requiring further investigation that would help

inform the armour conservator' .
2.1.2.5 Munition armour assembly & articulation

Finally, the separate metal plates comprising the half-armour would have
been assembled with ferrous rivets often capped with copper alloy plating (brass with

141

minor and trace metals " ) and embossed rosettes. Originally, armour inner surfaces

featured leather strapping to facilitate their assembly and articulation and padded

textile to improve the comfort of the wearer'

. Only very rarely, and in very small
quantities do organic components of the Palace Armoury munition armour inner

surfaces remain'®.

2.1.3 HISTORY OF THE PALACE ARMOURY’S 16™-17™ CENTURY NORTHERN

ITALIAN-STYLE MUNITION ARMOUR

Here an attempt is made to outline the probable history of the mid 16® - mid
17™ century northern Italian-style munition armour currently present at the Palace
Armoury. This account importantly includes some documentation regarding the
corrosive effects of the environment and some approaches to corrosion product
removal through the armour’s history. Indeed it is possible (or almost doubtless) that
some of the many and separable multi-component armour bear surfaces that are
testimony to the history that each piece has passed through: from the mid-late Early
Modern Period to contemporary times'*.

The arms and armour that now constitute the PA collection, some spanning

almost 500 years, have almost always been of high prominence and remained under

the administration of the governing or occupying state'”. As a result, a relatively

139 Stroud, 2006-2007, pers. comm. & Degrigny et al., 2007b, p. 38
19 Smith, 29/07/2007, pers. comm.

! Degrigny et al., 2007a, pp. 27, 29

142 Smith, 1982, pp. 9, 12

13 Stroud, 2006-2007, pers. comm.

144 Magro Conti, 2007, pers. comm.

143 Spiteri, 2003, p. 17
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continuous line of information is present, though this is still dependent on the records
kept by each successive ruling administration and external documentary resources.
The individual documentation identifying each article of munition armour and its
location since manufacture to the present-day is non-existent, as it seems that the
Order of St John and subsequent administrations did not pay attention to record the
individual details of each article. The former individual wearers of each munition
armour are not known and these armour are thus treated as an assembly. Early
records do show however numerous events where control of military equipment
dissemination was a problem and the Order’s Artillery Commander was placed
personally responsible to account for the arsenal’s whereabouts'*®. The definitive
history of each munition armour piece, especially when outside the Palace Armoury, '
hence remains open to speculation. As a concession, thanks to the significant
numbers of munition armour (as required for the numerous troops), this collection
category can be traced through numerous inventories (listing only article categories).
‘and historical sources (e.g. written memoirs, graphic representations) associated with
the collection’s time at the prominent PA (17th century onwards). Such Palace
Armoury-related resources could not cover all the history of the.munition armour
since some armour predates the establishment of the PA, and because the PA later
formed an integral part of a larger network of armouries throughout the Maltese
Islands. It can be expected that transfers between armouries, as needs arose, would
have formed a part of the armour’s strategic management'?’. For example, it is
known that up until the 18" century three armouries existed in Valletta, including the
Palace Armoury, St James Cavalier and Strada Forni'*®. The munition armour could
have also possibly been stored in one of the many decentralised village or town
armouries in the Maltese Islands'®.

The controlled issuing of equipment from the Palace Armoury by the Order
ended in 1798 with their eviction by the French and it is uncertain how much
equipment trickled back to the PA since then'*’. So, despite this indefinite history, it

can be reasonably speculated that much of the remaining quantities of munition

18 1bid., pp. 80-83

147 Magro Conti, 2007, pers. comm.
148 Spiteri, 2003, pp. 13, 103

“9 1bid., p. 103

%0 1bid., p. 118
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airmour have had a long connection with the Palace Armoury environment: a
minimum 210 years from present (2008) and reaching just over 400 yearsm. '

The various roles that the numerous 16™-17" century munition armour have
taken over these centuries is described next. Written accounts of visits and
inventories of the armoury form the basis of the historical evidence during its
original administration by the Order, while documentation of subsequent rule is
further supported by pictorial evidence.

It is illustrated in the following subsection that the munition armour have
consistently assumed a significantly lower status especially when compared to the
individual, more elaborate and technically complex armour of the Grand Masters.
Also, in the Palace Armoury’s early history under the Order’s administration, the
strategically significant and numerous guns further diminished the attention paid to
the munition armour. The prioritised attention towards other items in the collection
probably influenced the munition armour’s conservation state; similarly to the

present-day'*>.

2.1.3.1 Mid 16™ century-1798, Order of St John: functional, symbolic & obsolete

arsenal

2.1.3.1.1 Mid-late 16™ century, Order of St John: pre-Palace Armoury ,

The munition armour dating to the mid-late 16™ century evidently antedate
the 1604 establishment of the Palace Armoury in the Grand Masters’ Palace. It is

possible that such armour, presuming direct importation from the Italian

manufacturer to Malta, were stored either in Fort St Angelo in Vittoriosa (Birgu)'>>

134 or, after the establishment of Valletta, in either of the armouries located in Strada

Forni or later in Piazza San Giorgio'> '*°, The Mdina armoury could have also been

another possible, yet distant, storage location during the late 16™ century'” %%,

151 Magro Conti, 2007, pers. comm.

1522 .1.4.2 Ground floor location, 1975-present
13 Spiteri, 2003, pp. 65, 71

134 Figure 2-2 Upper left

135 gpiteri, 2003, p. 12

156 pigure 2-3

157 Spiteri, 2003, p. 200

18 Figure 2-2 Upper left
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2.1.3.1.2 1604-1798. Order of St John: Palace Armoury

The transferral of the armoury in Piazza San Giorgio to the Grand Masters’
Palace'” in 1604 marked a paradigm shift regarding the management of the Order’s
military equipment'®. Notably, the wall hanging arrangement of static arms and
armour previously worn by the Grand Masters’ appears to have transpired early in
the 1600s'®'. Whereas the date for the institution of trophies of common arms and
munition armour at the Palace Armoury is not known, but probably occurred from
the mid 17™ century'®®. Trophies of arms or panoplies were commonplace in

Europe’s palaces and castles, but more so during the romantic revival of the 19™

century (Figure 2-14).

Figure 2-14 Examples of trophies of arms across Europe. Left: Hertford House (circa 1873-
1897), Sir Richard Wallace, United Kingdom“s. Centre: Pierrefonds (published 1867), Viollet-
le-Duc, France'®. Right: Cabinet des armes et armures (n.d.) of Prince Soltykoff in St
Petersburg, Russia'®,

It will be seen in the following subsections that the open wall-display of
panoplies of munition armour at the Palace Armoury increased after the Order’s rule
and persists to a lesser extent until the present day. The wall panoplies are of high
significance at the PA, even today, to the conservation implications of their
contents'®. It is notable that during the time of the Order, the number of wall-hung

armour (either as a means of storage or on display as trophies), appears to be

19 Figure 2-3

10 Spiteri, 2003, pp. 69-70

11 Spiteri, 2006, p. 32

162 Spiteri, 2003, p. 200

163 Edge, 2006, p. 45

1% Faton-Boyancé et al., 2006, p. 13

1% Ibid., p. 12

1% As explained in 2.2 Indoor atmospheric ferrous corrosion & control
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insignificant when compared to its apparent peak during the British rule of the 20™
century'®’.

From the beginning of the management of the military equipment at the
Palace Armoury, two parallel states seem to have formed for different classes of
equipment: the dynamic (use) state; and the static (display) state. The static state
continues to present day for all the collection, and on balance is inherently
favourable to the collection’s preservation when compared with the former embattled
and dynamic period of the arsenal.

The initial primary state of the PA was of course as a dynamic arsenal: a
central functional storehouse for maintaining and issuing pieces of offensive and

168 An account of a

defensive equipment to the Order of St John’s troops and Knights
room supplementary to the main armoury hall, published in 1679 by Sieur de
Bachelier, testifies to an abundant yet orderly arrangement of arms and armour:

“In this room we find laid out in the same order 6000 muskets, and as many
bandoliers (musket ammunition belts), 2000 helmets and an equal number of
breastplates™'®.

There is no early pictorial evidence available to support this description, but
this categorised arrangement of similar equipment would be suitable for quickly
issuing items at the time of alarm. The vast quantities suggest most of this equipment
was reserved for the numerous troops, not the relatively few personnel of the upper
ranks'”’. Sieur de Bachelier’s description of the Palace Armoury possibly reflects a
categorised arrangement depicted in an illustration of the Royal Armoury in Bastille,
Paris, dating to the same period (Figure 2-15). Breastplates and backplates mounted
high on the beams and the guns on the more central and more accessible racks along
the floor and walls are to be noted. This speculated possible early configuration is
echoed in pictorial evidence of the configuration at the PA much later during the mid

19 century171

1679.1.3.2 1798-1964, French & British occupation: decorative romantic trophies to academic antiques

18 Spiteri, 2006, p. 70

19 Bonello, 2001, p. 41

1% Stroud, 2006-2007, pers. comm. :

1! Later presented in 1798-1964, French & British occupation: decorative romantic trophies to
academic antiques & Figure 2-17 Left: Detail of trophies of arms from Right: Armoury in the
Governor’s Palace in Valetta, lithograph by Charles Frederick de Brocktorff, circa 1840.
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Figure 2-15 Le Magazin Royal des Armes a Paris, circa 168

1
6'72.

Given that the armour of this study were manufactured in the mid 16™-mid
17" centuries, it can be presumed that at least during the early years of the armour’s
installation at the Palace Armoury (i.e. 1604 onwards) the majority of this arsenal
would have been relatively new and had a state that could be classified as being
dynamic; especially taking into account the numerous alarms and mobilisations of
the troops and militia in the late 16™ & early 17" centuries. There were at least nine
incidents between 1598-1629, while the 1614 Turkish invasion of a force of 5 000

174

men prompted the call-up of the Order’s militia'” and troops'’* to confront the

invaders. Another alarm, later in 1638, required the despatch of 200 troops'” to
reinforce the Cittadella in Gozo'".

The succession of new and improved military technologies inevitably
rendered dynamic parts of the Palace Armoury arsenal obsolete. Records indicate the
removal of obsolescent items, specifically guns, on several occasions (1640, 1703 &
1763)'"". Although not explicitly found in the literature concerning the PA collection,
it is assumed that obsolescence would have also occurred for the thin Palace
Armoury munition armour, especially at a time when increasing efficiency and use of
firearm technologies compelled improved armour defensive capabilities via bullet-

178

proofing . Generally, armour use began to decline in the late 16™ century, while

obsolescence (at least for defensive purposes) was largely complete by the end of the

2 Faton-Boyancé et al., 2006, p. 8
173 Spiteri, 2003, p. 70

' Stroud, 2006-2007, pers. comm.
' Ibid.

176 Spiteri, 2003, p. 146

"7 Ibid., pp. 104, 107 & 119

178 Ibid., p. 60
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17™ century'™. The decline in armour use was protracted since often the slow
reloading of firearms during siege warfare would ultimately lead to hand-to-hand
combat where armour was useful'®. However, by the latter half of the 18™ century
the defensive capability of ferrous armour against firearms was surpassed and armour
was rendered totally obsolete as a functional piece of equipment'®’.

The secondary, yet significant (in terms of historical evolution and
conservation), and parallel state of the arsenal installed at the Palace Armoury, was
not functional and dynamic, but instead symbolic and static. In just thirteen years
after Grand Master Wignacourt’s installation of the armoury in the Palace, a 1617
account by Count George Albrecht of Erbach describes his tour led by the German
Knights. The Knights presented the battle suits of Grand Masters adjacent to their
portraits and numerous other arms and armour'®*. From this early observation it is
clear that the Knights retained equipment that was not of continued functional
military value, but also of historic, symbolic and decorative value. A specialist in
Malta’s military history, Stephen Spiteri, uses Erbach’s 1617 account to support his
claim that the Palace Armoury:

“...quickly began to assume the character of a showpiece reflecting the military
power and glory of the Order, capturing the attention and imagination of many a
distinguished visitor to Malta... it also began to acquire the qualities of an antiquarian
collection and as such, became an instrument of propaganda exalting the Order’s
heroic past”'®.

It is supposed, by the present author, that the static display in elaborate trophy
panoplies (as opposed to the more practically accessible rows) of munition armour
occurred to some armour after they were rendered technologically obsolete. The
retention of the more common equipment, such as the munition armour covered in
this study, for static use in decorative displays is only well attested during the latter
part of the Order’s management of the collection. The Order’s Commander of
Artillery, St Felix, described in 1785 the distribution of items in the armoury. His
inventory demonstrated the previously described dual statuses (i.e. dynamic and
static) of items in the Palace Armoury. The account included almost 20 000 guns of
various types including nearly 18 000 muskets that were held on 4-metre high

wooden racks in the centre of the room and along the walls that were intended to be

17 Smith, 1982, p. 7
180 Spiteri, 2003, p. 60
18! Galizea, 1906, p. 11
182 Spiteri, 2001, p. 127
1 Ibid., p. 127
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functional (i.e. dynamic)'®

. Meanwhile antique arms and armour were displayed (i.e.
static) along the walls in 24 elaborate panoplies of trophies-of-arms below the
cornice, and with some suits on the floor'®. The cornice included armour of 254
breastplates & backplates and 124 helmets'®®.

The specific arrangement of the cited decorative panoplies is unclear, but it
seems possible the inspiration could have been drawn from heraldry/blazons,
decorations on architectural features'’ and even from some types of armour (Figure
2-16). These dated armour surface etchings indicate that composing arms and armour

in symmetrical formations was established even before the 1604 founding of the PA.

Figure 2-16 Acid-etched decorations on more elaborate armour (circa 1590) indicate trophy of
arms display formations'®,

MAINTENANCE & RESTORATION
The responsibility of keeping arms and armour functional at the time of the
Order was bestowed on the Capomastro del Armeria who led armourers, skilled

labourers and sometimes slaves'®. Such maintenance work was performed in the

' Ibid., p. 129

'8 Spiteri, 2003, p. 109
1% bid.

' 1bid., pp. 125-127
'8 1bid., p. 290

189 Spiteri, 2001, p. 128
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Armourer’s workshop (Ufficina dell’Armeria); a room next to the armoury hall'®®.
The concern of the Order for the condition of the arsenal was exemplified by a
decree in 1648 that required, “...a commission of knights was to inspect the
Armoury at least once or twice a year and draw up a detailed list indicating the
quantity, quality and state of preservation of the weapons and armour”'”'. However it
is believed that these condition reports were not undertaken at the decreed regular
intervals and only one such list has been found, dating much later (1782)'2. A
variety of repair work was undertaken, but several accounts (1769, 1782, 1795) of
rusted equipment and cleaning procedures would have made corrosion product
removal a significant task during the latter part of the Order’s management of the
arsenal'®>.

Oil and emery (olio e smeriglio) were used as cleaning materials during the
time of the Order. Emery’s abrasive qualities were not only understood for their
efficiency in removing corrosion products, but caution to the armourers was given to
not overclean and consume the underlying metal; otherwise reducing the efficacy of
the armour in active service'". The oil was presumably used as a lubricant for the
emery’s physical action and for possible corrosion protection. Sand is reputed, not
documented, to have substituted emery at times of low stock in the late 18™ century
and was applied in a mixture of vinegar (chemical action by acidic dissolution) with
a cloth. The finishing polish appears to have been a form of burnishing performed

5

with deer horn and wine spirits'®. Records of the works performed in the

Armourer’s workshop were supposed to be keptl%. The details of these were
probably scant and more intended to account for the payments made to the

9

armourers'”’, rather than for treatment documentation purposes that are presently

required for recording conservation treatments.

190 Ihid.

91 Spiteri, 2003, p. 81

2 Ibid.

3 1bid., pp. 11, 147, 154
19 Spiteri, 2006, p. 74
193 1bid., p. 74

196 Spiteri, 2003, p. 160
7 Ibid., pp. 158-162
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2.1.3.2 1798-1964, French & British occupation: decorative romantic trophies to

academic antiques

The ever decreasing military value and increasing aesthetic value of the
armoury perpetuated its changing role from active arsenal to gallery of antiques and
curios; form as function & symbolism was being exchanged for form as decoration. It
is seen here that the early part of this period truly cemented the status of the munition
armour as being functionally obsolete and decorative, especially in comparison to the
firearms. Later, scholarly interest in the Palace Armoury collection grew, but this
attention was not directed towards the munition armour.

When Napoléon I and his forces occupied Valletta without resistance in 1798,
the rapid dissolution of the Order’s rule over the Maltese Islands and their eviction
ceased the Order’s management of the Palace Armoury. The strategic military
importance of the PA was recognised at the time of invasion: in fact, most of Malta’s

armouries fell under French control'%®

. An inventory made one year after occupation
listed literally thousands of firearms categorised as “new models (totalling 9234)”,
“old models (965)”, “to clean (749)” or “unspecified (2950)”. It would appear that
these firearms were being classified according to potential continued use. It is
therefore not surprising that some suspicion falls upon Napoléon’s ship, L 'Orient*”,
for thousands of these now unaccounted firearms®®. Meanwhile, the French
perception of the armour as being non-functional or ornamental is clearly seen in
their inclusion of the armour in a list entitled, “Décorations de la Salle d’Armes”.
Two phrases describe the arrangement of 2551 cuirasses (breast/backplates)
hanging in rows above and on the cornice-coving and a series of fourteen

symmetrical trophies with * unspecified contents®’*

. Napoléon’s forces seemed
uninterested in documenting the serviceable state of the munition armour. Unlike the
firearms, it appears that the munition armour’s technological obsolescence, perhaps
coupled with their inherently non-exquisite nature, was their saving grace from

pilfering by the French occupation.

18 Spiteri, 2003, p. 118

19 Bound for the war campaign in Egypt (Spiteri, 2003, p. 118).

200 Spiteri, 2003, p. 118

201 Almost corresponding (i.e. 255 versus 254) to the quantities previously mentioned in the 1785
Order of St John inventory '

292 Spiteri, 2003, pp. 115-116
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Later however, under British rule (1800-1965), “...quantities...” of Italian
munition armour were pilfered by the British and taken to London’s Tower
Armouries in 1826 and 1846 making it “...an important centre for the study of this
type of armour™®. Yet, another account of the British occupation details the positive
attention given to a derelict collection by the British colonial Governor (1858-1864)
Sir John Gaspard Le Marchant, himself a “...great amateur and connoisseur of
29204,

antiquities

“The old Armoury of the Knights of St. John had been long neglected, and its
contents thrown aside like useless lumber. Sir Gaspard (Le Marchant) set himself to
work to recover these valuable relics of a bygone age. Under his personal direction
they were duly restored, classified, and arranged to the best advantage in one of the
finest halls of the Palace”*”.

At this time the decorative, static nature of the hall was accentuated by
developing a late romantic style. The number of wall panoplies increased and
mannequins bearing armour and papier maché shields were installed®®. Figure 2-17,
Figure 2-18 and Figure 2-19 demonstrate the increasing use of symmetrical

formations of trophies of arms during the first part of the British period.

203 gpiteri, 2001, p. 131
204 7veulski, 1970, p. 70
2931 aking, 1903, p. xiv
206 7vgulski, 1970, p. 70
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Figure 2-17 Left: Detail of trophies of arms from Right: Armoury in the Governor’s Palace in
Valetta, lithograph by Charles Frederick de Brocktorff, circa 1840%".

The establishment of the Palace Armoury as a museum in 1860 marks its
transition to a more academic proﬁlem; although, it can be said that museums of the
Victorian era were more characteristic of curiosity cabinets than the more
educational museums of the present-day. The increasing role of the Armoury as
being of scholarly interest came at the turn of the 20™ century with the arrival of Sir
Guy Francis Laking, Keeper of the British King’s armoury. Lord Grenfell, the then
Governor of the Maltese Islands, requested Laking’s study of the collection and this
published work can be seen as the first pseudo-academic or scholarly interpretation
of the PA collection®®. Laking counted hundreds of 16™-17™ century armour on the
walls, however, his descriptive cataloguing was prioritised to 464 articles of the
5286%'" articles counted. He stated that the “...more ordinary armaments...”,
presumably such as the munition armour of this present study, were not the focus as

he justifies:

27 Ganado, 2001, p. 18

2% Spiteri, 2003, p. 9

29 1 aking, 1903, Zygulski, 1970, p. 70 & Spiteri, 2003, p. 9
210 7ygulski, 1970, p. 71
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“Each specimen would, had time and space permitted, have had its individual
place in the Catalogue, but as it is, the more ordinary armaments will be found
mentioned in round numbers, and the important pieces fully recorded in the
Catalogue™"'.

This again demonstrates that the collective munition armour was held in less
regard and attention was prioritised elsewhere.

Galizea, the Palace Armoury curator at the turn of the Pl century confirms
the location and decorative status of the munition armour at the turn of the century
noting that, “The plainer suits of the men at arms have been left for the decoration of

the walls of the gallery...”*".

Figure 2-18 Upper and lower left: Details of trophies of arms from Main: The Palace Armoury

circa 1900*"

211 aking, 1903, p. xiv
212 Galizea, 1906, p. 20
213 Spiteri, 2001, p. 138
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Laking’s display interpretation remained until a bombing of the Palace during
the Second World War*™®. The collection was then transferred to underground

shelters’’® where some damage was sustained due to the ...unfavourable

95216

conditions (presumably corrosion from the typically elevated humidities of

subterranean spaces). After the war the collection was returned to the Palace

217

Armoury and entrusted to the Governmental Museums Department” . The Museums

Department was slow to effectively manage the Palace Armoury. Criticism of an

d218

attention bias towards other museums under their directorate has been cited”", along

with a lack of resources® 19, as causes for insufficient attention to the PA.

Valletla - Malta: ..
Armory -~ Dﬂlt’a Palaré,

Flgure 2- 19 Postcards depicting the Palace Armoury durmg the Brmsh penod of the 20th
century220 Note the multitudes of trophies of arms (and armour) on walls and furnishings

2.1.3.2.1 Restoration

It is apparent that a period of significant neglect leading to corrosion passed
during the middle of the British period. Prior to the opening of the Palace Armoury
as a museum in 1860, three months of armour cleaning was undertaken®'. And after

the Second World War armour were again polished222 (Figure 2-20).

21 Czerwinski & Zygulski, 1969 p-6
21 7yeulski, 1970, p. 71
218 Czerwinski & Zygulski, 1969, p. 6
17 gpiteri, 2001, p. 131
18 Magro Conti, 2007, pers. comm.
219 Spiteri, 2003, p. 225
29 Courtesy of L. Sciberras & C. Zammit
221 gpiteri, 2003, p. 207
222 Ibid., p. 224
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Figure 2-20 Armourers polishing armour at the Palace Armoury after the Second World War**
2.1.3.3 1964, Independence: remnants of a colonial history

The independence of Malta from British administration was enacted in 1964,
and 1979 saw the end of Britain’s military presence in Malta®**. Another study of the
Palace Armoury collection was performed in 1969, this time by United Nations
Educational, Scientific & Cultural Organiz