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Roman armour was frequently richly decorated, with embossed designs being among the
most striking examples. A more subtle technique, sometimes used alongside embossing, was
partial tinning on copper alloys: the selective application of a tin layer to create a visual
contrast with the base metal. Recent analysis reveals this method was more technically
complex than previously assumed. This article presents experimental insights into how partial
tinning could have been achieved using Roman-era technology.
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It is important
to keep in mind that
experimental
archaeology can
demonstrate how
something could have
been done, but not
necessarily how it was
done. While the
experiments showed
that using egg glaire as
a masking agent best
replicated the
appearance of the
partially tinned
archaeological
artefacts, this remains
only one possible
explanation. Other
techniques, possibly
still unknown or
untested, might have
produced similar
results.

Introduction

Tinning is a technique used to protect metal objects from
exposure to the elements, which would have been especially
useful for armour. The Romans, however, do not seem to have
used tinning for this practical purpose on military equipment.
Instead, they appear to have applied it mainly for decorative
effect, using the silvery colour of tin to contrast with the warm
golden tones of copper alloy, especially brass.

This form of partial tinning is particularly common on armour
pieces often referred to in German as Paraderdstung, or
parade armour (See Figure 1). These items are characterised
by their elaborate decoration and frequently include
embossed motifs with military themes (Garbsch, 1978;
Schamper, 2015; D'Amato and Negin, 2017). The long-held
assumption that such armour was used only in parades or
cavalry games has been increasingly questioned. These pieces
are now often considered to have been part of functional
battle equipment (e.g. Fischer, 2019, p.198; Guillaud, 2019,
p.218). Partial tinning is also found on smoother pieces of
equipment, not only on those with heavy embossing. A good
example is a shield boss found in the River Tyne near South
Shields in the United Kingdom (See Figure 2), where partial
tinning was used to draw attention to more delicate punched
and incised designs (Klumbach, 1966, pp.175-178).

Traditionally, scholars have hypothesised that tinning in the

Roman period was achieved either by dipping an object into molten tin or by rubbing small
quantities of tin onto the surface and spreading it with a cloth while still liquid. The latter
method is generally considered the most plausible for this period (e.g. Giumlia-Mair, 2005,
p.360; Sim and Kaminski, 2012, pp.72-74). Nevertheless, partial tinning is a more complex
process that cannot be achieved using either of these methods alone. Although it is
occasionally mentioned in modern literature in passing to describe certain artefacts (e.g.
Klumbach, 1966, pp.175-178; Garbsch, 1984, p.241; Vujovi¢, 2000, p.263), no real thought has
ever been given to how it was applied or the techniques used to create it.

In some modern reconstructions (typically employing non-Roman techniques) tinning is
applied only to recessed areas, such as the background, leaving the raised or embossed
features untreated (e.g. Junkelmann, 1996). This approach uses the tinning to create a visual
contrast, making the relief stand out by colour difference. Numerous examples of partially
tinned armour confirm that this is indeed one possible application. Surviving artefacts reveal,



however, that the original technique was considerably more sophisticated than these
reconstructions or passing mentions suggest. Partial tinning was not merely confined to
recessed areas to enhance relief but was also used independently as a decorative element. In
many cases, tinning appears on raised or flat surfaces where it does not serve as a
background contrast but instead functions as ornamentation in its own right. This decorative
use of tinning, independent of relief, is particularly evident on smooth pieces of defensive
equipment, such as the shield boss from the River Tyne (See Figure 2).

This selective application of tin represents a previously undocumented decorative technique
that has long gone unnoticed, despite partial tinning being mentioned in scholarly literature
for decades. Its recognition challenges existing assumptions about Roman tinning practices
and opens new avenues for investigating decorative metalwork in the Roman world. This
article presents the results of experimental research aimed at understanding how such
partial tinning could have been achieved using techniques and materials available in the
Roman period.

Ancient sources

As a starting point for the experimental approach, multiple ancient sources were consulted to
look for possible information about how partial tinning was carried out. Although tinning is
mentioned in several texts (e.g. Anonymous, The Leyden Papyrus X, 27 and 42; Pliny, Natural
History, 34.48; Vitruvius, On Architecture, 7.12), none make any reference to partial tinning,
leaving the specific method entirely undocumented in the literary record. Unlike other
sources, Pliny hints at tinning particularly as a decorative technique and provides a detailed
account worth citing. He compares it to silvering and gilding, practices which he criticises for
their excessive use:

"A method discovered in the Gallic provinces is to plate bronze articles with white lead
[i.e. tin] so as to make them almost indistinguishable from silver; articles thus treated
are called incoctilia. Later they also proceeded in the town Alesia to plate with silver in a
similar manner, particularly ornaments for horses and pack animals and yokes of oxen;
the distinction of developing this method belongs to Bordeaux. Then they proceeded to
decorate two-wheeled war-chariots, chaises and four-wheeled carriages in a similar
manner, a luxurious practice that has now got to using not only silver but even gold
Statuettes, and it is now called good taste to subject to wear and tear on carriages
ornaments that it was once thought extravagant to see on a goblet!"

(Natural History, 34.48.162-163)

Taken together, the classical sources confirm the practice of tinning but provide few technical
details on how it was carried out. Notably, none of the sources mention partial tinning,
leaving us without any literary evidence for how this specific technique may have been
accomplished.



Masking off or painting on?

Hypothetically, partial tinning could have been achieved in two main ways. One possibility is
that specific areas of the armour were masked off prior to tinning, thereby preventing the tin
from adhering to those sections. Alternatively, the tin layer may have been applied selectively,
perhaps by brushing or painting it onto chosen areas of the surface and then heated to
attach it permanently. This could have been similar to the use of shell gold, which has been
attested from the medieval period (Eastaugh, et al., 2004, p.260). Both approaches, masking
off and painting on, would have allowed for deliberate control over the decorative effect,
enabling craftsmen to highlight or contrast particular features of the design.

To determine which of the two methods is supported by the physical evidence, a detailed
analysis was conducted on a Roman chest plate from Musov, Czech Republic (See Figure 3).
Dating to the second half of the 2nd century AD, this artefact would have formed one of a pair
used in armour designed to protect the upper torso. Discovered in the 1970s, the chest plate
has been frequently featured in publications on the Roman army (e.g. Tejral, 1986, p.398;
Bishop and Coulston, 2006, p.139). The presence of tinning, however, went unrecognised until
2023, when the piece was re-examined to assess its condition and features. Close inspection
revealed faint traces of partial tinning, particularly along the lower edge (See Figure 4). Much
of the original tinning had been visually erased due to surface damage, leaving remnants
visible only in isolated areas.

To determine the full extent of the partial tinning and evaluate whether it had been applied
by masking or painting, the entire chest plate was subjected to micro-XRF (X-ray fluorescence)
mapping analysis. This is a non-destructive analytical technique that measures the elemental
composition distribution of a surface with high spatial precision (up to 50 pm). It enables the
detection of even faint or invisible traces of metal coatings, such as tin, that are no longer
visible to the naked eye. The analysis was carried out at Bruker Nano Analytics in Berlin, using
an M6 Jetstream spectrometer (See Figure 5).

The micro-XRF analysis revealed the extent of the partial tinning applied to the MusSov chest
plate, offering insights into both the tinned areas and those intentionally left uncovered (See
Figures 6-7). The results indicate that the partial tinning was achieved by masking off the
areas meant to remain untinned. Two clear features of the chest plate decoration support
this conclusion. First, in several places the untinned lines intersect, and in some instances a
brush stroke slightly oversteps the boundary of the intersecting line, suggesting a masking
substance was applied to prevent tin adhesion (See Figure 7, bottom). Second, a mistake
made by the craftsman at the top of the chest plate shows another intersection of untinned
lines, which could only have been created through the application of a mask (See Figure 7,
top). The Musov chest plate thus demonstrates that partial tinning was achieved through
masking and not by painting the tin selectively onto the surface. A reconstruction of how this
chest plate would originally have looked like, is presented in Figure 8.



Experimental setup for tinning

The exact method the Romans used to mask off areas of objects they wanted to leave
untinned remains unclear. To investigate this, a series of experiments were conducted based
on two main hypotheses about how the masking could have been achieved. The first
hypothesis suggests using oxidation, where an agent oxidises the parts of the object meant to
remain untinned, preventing the tin from sticking. The second hypothesis involves mechanical
masking by applying a substance to the surface of the artefact that prevents the tin from
adhering during application. The experiments aimed to determine which of these two
methods, mechanical masking or partial oxidation, produced results that most closely
resembled the original decorative technique while also considering practical aspects of the
chaine opératoire.

The setup followed established practices for hand tinning (e.g. Fuller, 1833, pp.20-21;
Flanders, 1900; Brown, 1913, pp.58-59) (See Figures 9-10). Brass sheets, 0.5 mm thick to
match the MusSov chest plate, were used as the base material. Each sheet was thoroughly
cleaned first by light rubbing with steel wool, followed by chemical cleaning with sulphuric
acid (vitriol). Heating was provided by a gas camping stove fuelled with propane-butane,
chosen for its ease of temperature control. Additional tests were later conducted using a
small open-pit charcoal hearth (See Figure 11).

Pure tin was used, initially shaped from an ingot into thin, flat rectangles several square
centimetres in size and approximately 1 mm thick. These pieces were large enough to cover
the object but thin enough to melt quickly and evenly. Attempts to apply tin by rubbing a tin
bar directly onto the surface proved less effective, as this disturbed the crisp lines created by
oxidation or masking, sometimes removing them entirely and resulting in complete tinning.
The larger, flat tin pieces minimised rubbing and helped preserve these details, making this
application method preferable.

Once the tin melted, it was spread evenly over the surface using a wiping cloth. Traditionally,
moleskin fabric is used, and experiments confirmed that a soft cloth with a moleskin texture
made from natural fibres produced the best results.

A traditional flux, rosin made from pine resin and likely available to the Romans, was initially
employed. Rosin is solid at room temperature and difficult to apply directly, so it was
dissolved in alcohol, a practice still used today. The rosin flux presented two challenges,
however; first, the mildly acidic rosin solution affected the masked or oxidised lines, causing
their edges to lose sharpness. Excessive rubbing or wiping during tinning often blurred or
erased these lines. Second, when heated, the rosin itself oxidised. Prolonged heating caused
the resin to act not as a flux but as a mask, preventing tin from bonding altogether. These
problems might be overcome with greater skill or a different flux type. Since the specific
Roman flux is unknown and flux was not the focus of this study, the experiment switched to a



modern flux/deoxidant called Létwasser. This flux was carefully applied only to the areas
intended for tinning, avoiding the masked or oxidised lines.

Based on these findings, the following procedure was established to test mechanical masking
and local oxidation (See also Figures 16-17):

e Mechanical cleaning of the sheet metal with steel wool, followed by chemical cleaning
using sulphuric acid.

e Application of mechanical masking material or oxidation agent to areas to remain
untinned.

e Application of flux to areas to be tinned.
e Placement of tin pieces onto the surface of the object.
e Heating the sheet metal on a gas stove until the tin melts.

e Wiping the melted tin to spread it evenly and remove excess, avoiding rubbing on
masked or oxidised areas.

e Once cooled, removal of the masking, loose tin or oxidation residue with steel wool.

The piece can then be optionally polished for a high shine. The contrast between polished
brass and polished tin is moderate. Light oxidation of the brass, however, enhances colour
contrast. Over time, untreated brass naturally tarnishes, further improving the visual
distinction. To speed up this process during the experiments, liver of sulphur was used.

Neither author is an expert in tinning, and there was a noticeable learning curve when
practicing general tinning (See Figure 12, real try-outs timeline from left to right). After
approximately eight hours of practice, both were able to successfully tin objects, showing that
the basic technique can be mastered with dedicated effort before moving on to more
complex partial tinning.

Experiments with oxidation-based masking

As mentioned above, the oxidation agents were applied to the cleaned brass sheet before the
flux was added to the untreated areas. Several substances were tested: two types vinegar,
baking soda, carbonite soda, and liver of sulphur. While the first are plausible within a Roman
context, liver of sulphur (though widely used today) is not known to have been available in the
Roman period. Each agent was allowed to react with the brass surface for two hours, with the
exception of liver of sulphur, which reacts much more rapidly.

Although liver of sulphur yielded the most promising results, even these proved
unsatisfactory (See Figure 13). The main issue lies in the interaction between the oxidation
layer and the subsequent application of flux. Even when flux is applied carefully alongside the
oxidised area, it tends to encroach upon and degrade the oxidation. This effect is further



compounded during the tinning process: once molten, the tin must be wiped across the
surface, and this wiping action inevitably spreads the flux into the oxidised zones, effectively
erasing the intended mask. Given the relatively better performance of liver of sulphur, further
tests were conducted to refine its use, specifically by adjusting the concentration and reaction
time. It was found that an exposure of about 30 seconds produced the best results. This
proved long enough to create a clear visual boundary, but not so long as to form a oxidation
crust. Such crusts proved problematic, as they allowed flux to seep underneath, making them
unreliable for masking purposes.

In conclusion, while liver of sulphur produced the clearest effect among the agents tested,
even these results fall short of replicating the crisp masking observed in Roman examples of
partial tinning. The inherent purpose of flux is to remove oxidation to allow the tin to bond,
making the use of oxidation for masking fundamentally problematic. Although further
experimentation with alternative agents may prove worthwhile, the available evidence
suggests that partial tinning was unlikely to have been achieved through oxidation-based
masking.

Experiments with mechanically applied masking

A variety of materials were tested for their potential to mask specific areas during the tinning
process. These included carbon powder in water, haematite powder in water, clay slip, honey,
sugar water, milk, egg yolk, and egg white (See Figure 14).

Carbon, haematite, and clay slip performed poorly. Once dry, these substances could be
wiped away with a simple touch, making them unsuitable for masking. Honey and sugar
water also proved ineffective. When the brass sheet was heated for tinning, the water in both
substances began to boil and spread uncontrollably, forming amorphous blobs and losing
any clear definition.

Somewhat better results were achieved with milk, and particularly with egg yolk and egg
white, although even these were unable to fully withstand the effects of flux and the
mechanical action of wiping molten tin across the surface. To improve their resistance, these
three substances were subjected to an additional step: after application to the brass sheet,
but before applying the flux, they were heated to "bake" them onto the surface. This method
significantly improved their adherence and durability. Of the three, egg white performed best
and was therefore subsequently tested on a larger surface to assess its effectiveness with a
more complex masking pattern (See Figure 15). While not flawless, it came closest to
replicating the crisp masking seen on Roman examples of partial tinning.

In conclusion, mechanical masking using organic materials such as milk or egg, with egg white
showing the most promise, can provide a viable method for achieving partial tinning when
heat-treated prior to flux application. However, the results remain inferior to those observed



on archaeological artefacts. Even the baked egg white occasionally failed to withstand the flux
and subsequent wiping. This could undoubtedly be improved, at least in part, through the
authors' increasing proficiency with time.

From egg white to masking with egg glaire

Since the best results were achieved using egg white, this prompted further exploration. One
of the authors is an avid bookbinder, and in bookbinding, refined egg white is often used as a
heat-activated adhesive for gold tooling, that is applying decorations and lettering in gold leaf
to the leather cover of a book (Cockerell, 1971, pp.198-200; Middleton, 1992; Mitchell, 1995,
pp.52-54). It can also be used to gild the edges of pages (e.g. Mitchell, 1993, p.22; Geraty,
2004). This refined form of egg white is known as egg glaire, a term that comes from Old
French and ultimately derives from the Latin c/larus, meaning 'clear'. It entered the vocabulary
through the verb clarificare, meaning 'to clarify'.

Although there are several methods for preparing egg glaire, they all follow the same basic
principle: the egg white is beaten into a stiff foam, which is then left to rest overnight. During
this time, it separates into a clear liquid that settles at the bottom (the glaire) and a solid foam
that is discarded. We used this same method to prepare the egg glaire for our experiment.

The tests comparing unprocessed egg white to egg glaire showed a clear advantage for the
latter. Egg glaire proved significantly more resistant to rubbing and wiping during the tinning
process, making it more suitable for this type of application. Figures 16 and 17 show the
complete chaine opératoire of partial tinning using egg glaire, demonstrated on a larger
surface with a complex pattern.

Several trials using egg glaire revealed key variables influencing its effectiveness. First,
application was found to be more consistent using a simple wooden stick rather than a brush.
Brushes tended to remove too much of the substance, resulting in an overly thin layer. In
contrast, a stick allowed for a more even and controlled application (Fig 16.3). The width of
the stick's tip could be adjusted to produce lines of varying thickness.

Second, heating proved critical to the performance of the glaire. Prior to heating the glaire is
transparent and difficult to see (See Figure 16.4). As a heat-activated glue, its adhesive
properties are only fully realised through proper thermal processing. Optimal results were
achieved when the glaire was heated to a medium to dark brown colour (Fig 16.5-6). If heated
too briefly, the layer lacked resistance to wiping; if overheated, it became brittle and more
prone to flaking under pressure during wiping.

Once the desired colour was achieved and the glaire allowed to cool, flux was selectively
applied to the areas intended for tinning (See Figure 16.7). The entire object was then
reheated to generate the temperature needed to melt the tin, which could then be wiped



across the surface (See Figure 16.8-9). After tinning, the object was left to cool and then lightly
scrubbed to remove any remaining glaire and to polish the finished surface. Interestingly,
although some masked areas received a thin coating of tin, the egg glaire beneath remained
intact and could be removed without difficulty during scrubbing (See Figure 17.1-2). Finally,
the object was then trimmed to its final shape (See Figure 17.3-4), As mentioned above, over
time the artefact will develop a light oxidation layer, further enhancing the contrast between
the tinned and untinned brass areas. Liver of sulphur was applied to expedite this natural
process (See Figure 17.5-6).

The results achieved using egg glaire as a masking agent came closest to replicating the
effects observed on Roman artefacts. While the quality of our tinning did not fully match that
of the archaeological examples, this is likely due to the technical demands of the process
rather than limitations of the method itself. With increased experience and skill, it seems
plausible that partial tinning using egg glaire could produce results comparable to those seen
on Roman objects.

Conclusions

It has been hypothesised that parts of an object meant to remain untinned were masked
either through oxidation or mechanical methods. The experiments using oxidation, however,
yielded unsatisfactory results. Although oxidation could offer some masking effect, it failed to
withstand the acidity of the flux required for successful tinning. It also proved too fragile to
endure the additional rubbing needed to distribute the molten tin evenly across the surface.
These findings suggest that oxidation was unlikely to have been the method used by the
Romans for partial tinning.

In contrast, better results were achieved using mechanical masking agents, although the
effectiveness varied significantly depending on the material. Some agents were removed with
minimal friction and did not withstand rubbing, while others became unstable when heated
and failed to maintain clean boundaries. The most successful results were obtained using egg
white, especially in its refined form as egg glaire, which proved to be the most likely candidate
for how partial tinning was carried out in the Roman period (See Figure 18).

In addition to the experimental results, several other factors support the use of egg white or
egg glaire. First, eggs were readily available in the Roman world. Second, both egg whites and
yolks were used as binders for pigments in paint production during this period, as is
evidenced by scientific examination of ancient paints (e.g. Scott, et al., 2009; Tamburini, et al.,
2014; Delaney, et al., 2017). Masking during partial tinning is essentially a form of painting,
though in this case, a 'negative' painting, where areas are protected rather than coloured.
Finally, the transparency of egg glaire may explain errors such as the one observed on the
Musov chest plate. Since it is difficult to see once applied, it is easy to overlook areas that
have already been masked.



Discussion

It is important to keep in mind that experimental archaeology can demonstrate how
something could have been done, but not necessarily how it was done. While the
experiments showed that using egg glaire as a masking agent best replicated the appearance
of the partially tinned archaeological artefacts, this remains only one possible explanation.
Other techniques, possibly still unknown or untested, might have produced similar results.

Furthermore, egg glaire is not mentioned in any ancient written sources, casting doubt on
whether it was used or even known during the period in question. The earliest references to
egg glaire (refined egg white clarified by beating) appear only in medieval texts, typically in the
context of gilding or manuscript illumination (e.g. Anonymous, Liber llluministarum, 43;
Cennino Cennini, Il Libro dell’Arte, 10 and 131; Theophilus, The Various Arts, 23 and 29).

Nonetheless, ancient written sources do confirm that egg white was used as a binding agent,
for example in paints, also confirmed by scientific analysis mentioned above (Pliny, Natural
History, 35.46) and is even particularly referred to as a binder for paint to create golden
letters (Anonymous, The Leyden Papyrus X, 58, 63 and 74). The Romans were evidently aware
of its adhesive properties, particularly in gilding practices, where it served a similar function to
its use in later bookbinding. Pliny, for instance, notes that while proper gilding should employ
quicksilver (mercury), some fraudulent gilders used liquid egg white instead (Natural History,
33.32.103-104). He also advises egg white as a medium for gilding marble (Natural History,
33.20.64).

The association between gilding a copper alloy object with egg white, whether refined into
glaire or not, and using it for partial tinning on copper alloy artefacts requires only a small
conceptual shift and is, therefore, not implausible. In light of this, while ancient sources do
not confirm the use of egg glaire, it remains a plausible hypothesis for partial tinning
grounded in known Roman practices and deserving of further investigation.
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FIG 1. PARTIAL TINNING ON A HEAVILY EMBOSSED PIECE OF CHEST ARMOUR FROM MID-3RD CENTURY AD RITOPEK,
SERBIA. PHOTO BY M.A. WIJNHOVEN.
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FIG 2. EARLY 2ND CENTURY AD SHIELD BOSS FROM THE RIVER TYNE, UNITED KINGDOM, WITH PARTIAL TINNING ON
ITS FLAT SURFACE TO HIGHLIGHT THE SHAPES CREATED BY INCISIONS AND PUNCHING. PHOTO BY M.A.
WIJNHOVEN.
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FIG 3. ROMAN CHEST PLATE FROM MUSOV (SECOND HALF 2ND CENTURY AD), CZECH REPUBLIC, THAT CONTAINS
THE FAINT REMNANTS OF PARTIAL TINNING. PHOTO BY P. RUZICKOVA.
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FIG 4. CLOSE-UP OF THE LOWER HALF OF THE CHEST PLATE, SHOWING TRACES OF PARTIAL TINNING STILL VISIBLE
TO THE NAKED EYE. PHOTO BY M.A. WIJNHOVEN.

FIG 5. MICRO-XRF ANALYSIS OF THE MUSOV CHEST PLATE BEING CONDUCTED AT BRUKER NANO ANALYTICS, USING
AN M6 JETSTREAM SPECTROMETER. PHOTOS BY M. KMOSEK AND M.A. WIJNHOVEN.
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FIG 6. RESULTS OF THE MICRO-XRF ANALYSIS SET TO DETECT TIN (SN LA LINES) ON THE SURFACE OF THE MUSOV
CHEST PLATE. THE IMAGE CLEARLY INDICATES WHICH AREAS WERE ORIGINALLY TINNED AND WHICH WERE LEFT
UNTREATED. IMAGE BY BRUKER NANO ANALYTICS.
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FIG 7. TWO FEATURES OF THE PARTIAL TINNING ON THE MUSOV CHEST PLATE DEMONSTRATE THAT THE
DECORATION WAS ACHIEVED BY MASKING. TOP: A MISTAKE MADE DURING MASKING CAUSED SEVERAL UNTINNED
LINES TO INTERSECT ERRONEOUSLY. BOTTOM: IN SOME AREAS, THE MASKING MATERIAL SLIGHTLY OVERSTEPPED
THE INTENDED BOUNDARY AT THE INTERSECTIONS. IMAGE BY BRUKER NANO ANALYTICS.


https://exarc.net/sites/default/files/Figure%207%20-%20Wijnhoven%20%26%20Kmosek.jpg
https://exarc.net/sites/default/files/Figure%207%20-%20Wijnhoven%20%26%20Kmosek.jpg

FIG 8. RECONSTRUCTION OF THE MUSOV CHEST PLATE DEMONSTRATING WHICH AREAS WOULD HAVE ORIGINALLY
BEEN TINNED AND WHICH WOULD HAVE BEEN MASKED OFF. DRAWING BY M. KMOSEK AND M.A. WIJNHOVEN.
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FIG 9. THE WORKSHOP WHERE THE EXPERIMENTS WERE CONDUCTED IS LOCATED IN SEBRANICE, CZECH REPUBLIC,
AND MAINLY DEDICATED TO WORKING WITH COPPER ALLOYS. PHOTO BY M.A. WIJNHOVEN AND M. KMOSEK.
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FIG 10. BASIC SETUP FOR TINNING WITH A PROPANE-BUTANE GAS STOVE FOR HEAT. WITHIN REACH ARE THE
MEANS FOR MECHANICAL AND ACIDIC CLEANING, WATER TO NEUTRALISE THE ACID, FLUX, A LARGE STRIP OF TIN,
AND SOFT CLOTHS TO WIPE THE MOLTEN TIN OVER THE HEATED OBJECT. PHOTO BY M.A. WIJNHOVEN AND M.
KMOSEK.

FIG 11. EXPERIMENTATION TO REPLICATE PARTIAL TINNING CONDUCTED ON A SMALL OPEN-PIT CHARCOAL
HEARTH. PHOTO BY M.A. WIJNHOVEN AND M. KMOSEK.
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FIG 12. THE ABILITY TO TIN A BRASS OBJECT IS NOT EASY AND REQUIRED A STEEP LEARNING CURVE, AS

EVIDENCED BY THESE FAILED ATTEMPTS (TIMELINE FROM LEFT TO RIGHT). PHOTO BY M.A. WIJNHOVEN AND M.
KMOSEK.

FIG 13. AMONG THE OXIDATION-BASED MASKING EXPERIMENTS, ONLY THE USE OF LIVER OF SULPHUR PRODUCED
A VIABLE RESULT. HOWEVER, EVEN THIS METHOD PROVED INEFFECTIVE, AS IT FAILED TO WITHSTAND THE
APPLICATION OF FLUX AND THE SUBSEQUENT WIPING OF TIN ACROSS THE SURFACE. PHOTOS BY M.A. WIJNHOVEN

AND M. KMOSEK.



https://exarc.net/sites/default/files/Figure%2012%20-%20Wijnhoven%20%26%20Kmosek-1%20%28Custom%29.jpg
https://exarc.net/sites/default/files/Figure%2012%20-%20Wijnhoven%20%26%20Kmosek-1%20%28Custom%29.jpg
https://exarc.net/sites/default/files/Figure%2013%20-%20Wijnhoven%20%26%20Kmosek%20%28Custom%29.jpg
https://exarc.net/sites/default/files/Figure%2013%20-%20Wijnhoven%20%26%20Kmosek%20%28Custom%29.jpg

FIG 14. VARIOUS MECHANICAL MASKING MATERIALS WERE TESTED DURING TINNING, INCLUDING CARBON,
HEMATITE, CLAY, HONEY, SUGAR WATER, MILK, AND EGG. MOST PROVED INEFFECTIVE, EITHER WIPING AWAY EASILY
OR SPREADING UNCONTROLLABLY WHEN HEATED. MILK, EGG YOLK, AND EGG WHITE PERFORMED BETTER,
ESPECIALLY AFTER BEING BAKED ONTO THE SURFACE BEFORE TINNING. PHOTOS BY M.A. WIUNHOVEN AND M.
KMOSEK.
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FIG 15. OF THE MECHANICALLY APPLIED MASKING METHODS, THE ‘BAKED IN' EGG WHITE YIELDED THE BEST
RESULTS AND WAS THEREFORE REPLICATED ON A LARGER SURFACE WITH A COMPLEX PATTERN. THE
PHOTOGRAPHS ILLUSTRATE KEY STEPS IN THE PROCESS. ALTHOUGH VIABLE FOR ACHIEVING PARTIAL TINNING,
THE RESULTS REMAIN INFERIOR TO ARCHAEOLOGICAL EXAMPLES, WITH SEVERAL AREAS UNINTENTIONALLY
TINNED DUE TO THE EFFECTS OF THE FLUX. PHOTOS BY M.A. WIJNHOVEN AND M. KMOSEK.


https://exarc.net/sites/default/files/Figure%2015%20%20-Wijnhoven%20%26%20Kmosek%20%28Custom%29.jpg
https://exarc.net/sites/default/files/Figure%2015%20%20-Wijnhoven%20%26%20Kmosek%20%28Custom%29.jpg

FIG 16. CHAINE OPERATOIRE OF PARTIAL TINNING USING EGG GLAIRE: 1. MECHANICAL CLEANING OF BRASS SHEET
WITH STEEL WOOL. 2. ADDITIONAL CLEANING WITH SULPHURIC ACID WITH SUBSEQUENT CLEANING WITH WATER.
3. APPLICATION OF EGG GLAIRE USING A WOODEN STICK. 4. THE EGG GLAIRE APPEARS TRANSPARENT WHEN FIRST
APPLIED. 5. HEATING OF THE EGG GLAIRE. 6. ACTIVATION OF THE EGG GLAIRE. 7. APPLICATION OF FLUX TO THE
AREAS TO BE TINNED. 8. REHEATING THE BRASS SHEET WITH TIN PLACED ON TOP. 9. ONCE MELTED, THE TIN IS
SPREAD USING A SOFT CLOTH. PHOTOS BY M.A. WIJNHOVEN AND M. KMOSEK.
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FIG 17. CONTINUATION OF THE CHAINE OPERATOIRE USING EGG GLAIRE: 1. THE SHEET AFTER TINNING, WITH THE
TIN STUCK IN SOME PLACES ON TOP OF THE EGG GLAIRE. 2. WITH MILD ABRASION, THE EGG GLAIRE IS REMOVED,
INCLUDING THE TIN THAT WAS ON TOP OF IT. 3. TRIMMING THE FINAL OBJECT TO SIZE. 4. THE FRESHLY ABRADED
AND CLEANED OBJECT SHOWS LITTLE CONTRAST BETWEEN THE TIN AND THE BRASS, WHICH IS LIGHT AND SHINY.
5. LIVER OF SULPHUR IS APPLIED TO ACCELERATE THE NATURAL TARNISHING PROCESS OF THE BRASS. 6. THE
TARNISHED BRASS GIVES A STRONGER CONTRAST IN COLOURS. PHOTOS BY M.A. WIUNHOVEN AND M. KMOSEK.
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FIG 18. OF ALL TESTED METHODS, EGG GLAIRE BEST REPLICATED THE PARTIAL TINNING SEEN ON ROMAN
ARTEFACTS. WITH MORE EXPERIENCE AND PRACTICE, EVEN CLOSER RESULTS SEEM ACHIEVABLE. PHOTO BY M.A.
WIJNHOVEN AND M. KMOSEK.
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