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ABSTRACT 
 
Up to now, the French medieval mint was only known through coins that have been collected 
through ages. Some recent archaeological findings allow to undertake a study on the French 
currency manufacture in the Middle Age. This research relies on many artefacts discovered during 
the excavation of a medieval royal Mint in La Rochelle (France) and in two counterfeiter caves of 
the South of France (Aude). So, two ways are explored, the official making process and the 
“illegal” one used by counterfeiters. 
In this study, we shall describe the silvering process that appears to be different in each type of 
industry. The blanching process practised in royal Mints will be opposed to the mercury silvering in 
the counterfeiting. 
 
Comparing historical sources, metallurgical and monetary treatises, and the analyses of 
archaeological samples with analogues produced during experimental recreations, it is possible to 
propose reaction mechanisms that allow to have a better understanding of the knowledge of French 
medieval minter and the aim of each treatment. The most significant result of this study is that the 
silver enrichment produced during the blanching process in the Royal French Mint may be only a 
consequence of this process, not its first aim. 
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INTRODUCTION 
 
In the Middle Age in France, the demolition of a royal Mint must follow some strict rules in order 
to avoid the risks of counterfeiting. Thus, it is more common to discover illegal workshops, kept 
hidden without being destroyed.  And it implies that today, mint techniques are mostly known 
through coins that have been collected along centuries. In the nineties, during the excavations of the 
Royal medieval Mint of La Rochelle (France) [1; 2], an important amount of archaeological 
artefacts has been brought to the light. These objects allow the understanding of the whole coinage 
process, from the metals alloying to the coin’s strike. This Mint that has produced coins from the 
XVth to the XVIIth century is still the only one discovered in France. From this corpus, an 
archaeometric study was undertaken to describe each step of the French currency’s manufacture in 
the Middle Age. The technology type investigated will be called hammer-struck method in 
opposition with the more recent ones that use the rolling mill, blanking press and press, still in use 
today. 



 

To complement this research, the case of the counterfeiting of money has also been considered. 
This subject is developed from others archaeological artefacts that come from two caves in the 
South of France (Aude). Only one of them has been excavated up to now [3]. 
 
The study of the artefacts enables to enlighten the characteristics of each making process, the 
official and the illegal ones: among them, the silvering process appears to be the most 
distinguishing one. In fact, if there are two different treatments, the object of this study is the 
understanding of the chemical mechanisms to show that the aim of each process is different. 
In literature, many articles are related to different ancient silvering processes, maybe as it deals with 
the white metal, but certainly because of the number of treatments. Moreover, considering that these 
treatments have been applied to precious artefacts, it explains that they are conserved until now and 
then can be analysed. However, one has to remark that these studies refer generally to the antique 
period [4; 5; 6; 7]. So, it is interesting to consider the different assumptions in regard to the French 
medieval mint. 
 
By comparing the analytical results of archaeological samples with historical sources, metallurgical 
and monetary treatises [8; 9; 10; 11; 12], a description of the two different silvering processes may 
be proposed. In the Royal mint, it is the blanching process witch produces a silver enrichment on 
the close surface of the coin. In this case, the coins should already contain this white metal to be 
silvered, whereas counterfeiters can use a silver-mercury amalgam to silver the surface of coins that 
do not contain any precious metal. 
Thanks to the description of the two operations, reconstitution experiments have been carried out to 
produce analogues that can be compared to the archaeological artefacts in order to define the 
chemical mechanisms of each process. 
This understanding of reactions involved in the final aspect, facing their definitions in monetary 
treatises, enables to have a better perception of the knowledge of French medieval minter and the 
aim of each treatment. 
 
 
EXPERIMENTAL 
 
Optical metallography, scanning electron microscopy (SEM) and energy dispersive spectrometry 
(EDS) were used for the characterization of archaeological artefacts and recreated samples. Samples 
were carefully cut perpendicular to their surface with cut-off machine Struers Accutom-50, hot 
mounted in conductive, phenolic resin with carbon filler. Then they were ground and polished to a 
mirror with 1 µm diamond suspension on Struers Tegrapol-35. 
 
The instruments used for analyses are listed below: 
- Philips XL 40 SEM LEO120 (SEM) with an Oxford EDS detector. 
- Rigaku wheeling Molybdenum (17,5 keV) anode producing X-ray (experimental parameters: 
45 kV and 25 mA): 

+ with Princeton Gamma-Tech Si(Li) energy dispersive detector for fluorescence analysis 
(XRF). 
+ combined with a waveguide capillary to produce a 20 µm x 20 µm micro X-ray beam for 

transmission diffractometry (XRD). 
- Philips X-ray diffractometer using copper radiation (XRD). 
- Inductively coupled plasma mass spectrometer Thermo Electron X7 ICP-MS. 



 

Considering the different recreation experiments, if most of them have been done in laboratory, the 
reconstitutions of mercury silvering were done on the palaeometallurgical experimental platform in 
Melle1 (France). 
 
 
BLANCHING PROCESS 
 
 
Historical sources 
 
A metallographic study made on artefacts extracted from the excavation of the Royal medieval mint 
in La Rochelle reveals interesting structures. In fact, some coins show silver surface enrichments 
maybe due to a silvering process (Fig. 1). Monetary treatises describe a treatment, called blanching 
process that may explain these observations. In a global study of French medieval mint techniques, 
it was necessary to understand the reactions involved. 
The blanching process can be connected with other ancient silvering process described in literature: 
copper-debased silver coinage [4; 6] or depletion silvering [5]. If chemical mechanisms seem to be 
understood, they were never fully explained. 
Then, for the medieval period, we have sources, explaining products and tools used and 
archaeological artefacts showing enrichment structures. The understanding of the reactions may let 
us know about the skill of medieval workers. 
 
As an introduction, it is important to describe the whole process as it is done in many French 
monetary treatises. The most interesting of them was written by the minter Jean Boizard [12]. His 
book is a very detailed reference source for the understanding of the medieval mint in Royal 
workshops. Applied here to silver based alloy minting, the Boizard process may be summarized in 
11 steps: 
- In a first time, alloys are prepared with the fineness in accordance with produced coins. When the 
alloy is in liquid state, it can be analysed to determine if the fineness is right. This evaluation is 
made by the essay technique [13]. 
- Then, the alloy is sand cast into ingots that must almost be as thick as coins. 
- On a third step, ingots are trimmed and brushed in order to remove asperities and molding sand. 
- After that, ingots are hammered and annealed several times up to the right thickness. The 
annealing period is supposed to allow the recrystallization of ingots that become harder during their 
hammering. There are no definite working parameters. Boizard does not explain the different 
temperatures of this step. Even it may be suggested that ingots are hot hammered, it is not sure. 
Because, ingots produced do not really need to be hot worked, it may be easier for coiners to 
practice at ambient temperature. In the same way, annealing conditions are unknown. In fact, this 
lack of information may also be due to the fact that operating conditions change with alloys 
compositions. This is an important part of the coiners’ knowledge. 
- Then, ingots are cut into squares called “planchets”. 
- They are next hammered again; their edges are gradually cut to obtain a round shape. The 
planchets are then called blanks, almost ready to be stricken into coins. 
- Just before the blanching process step, blanks must be annealed a last time. Having been 
hammered during their working, there are some risks of fracture along with the strike. 
- The step that precedes the strike is the one that will be studied here. Blanks are soaked in a hot 
solution in order to clean their surface and to reveal the colour of the silver used in the alloy. 
Chronologically, two processes followed each other. Jean Boizard does not give the date for the 
change. The oldest process uses as reagent a mixture of nitric acid and sulphuric acid, called in 
                                                 
1 “Les mines d’argent des Rois Francs” (Melle, France) provide experimentations facilities for archaeometallurgical 
studies (contact : florian.tereygeol@cea.fr). 



 

French "eau forte". However, it was abandoned because both copper and silver are dissolved. 
Boizard suggests two processes to extract the silver lost in the solution, but they are time spending. 
The process that comes after uses another acid, less hard. The solution of bleaching is made up of 
common salt (marine salt, composed in majority of sodium chloride) and tartar (according to 
Boizard: Montpellier tartar or gravelle) in hot water. This last reagent is a crystallized solid, by-
product of wine making, which is in fact a mixture of sodium and potassium bitartrate2, mostly 
potassium. Tartar crystallises in wine casks during the fermentation of grape juice as it is less 
soluble in alcohol than in water. 
In this treatment, the blanks are soaked twice in a heated blanching solution. The solution is boiled 
in order to allow the dissolution of potassium bitartrate whose solubility is higher in hot water. Then 
the blanks are dried and cleaned with a cloth and sand. 
Jean Boizard does not give any instruction about the ratio between these two products. This 
information is available in a report written 1738 kept in the French monetary archives [14]. Even if 
this report was written in the XVIIIth century when the coinage uses rolling mill, blanking press and 
press, the blanching process did not change with the evolution of technologies. Then we dispose of 
several recipes according the different French Mint with a ratio ranging between 0,2 and 2 part of 
tartar to 1 part of salt. So, this parameter does not seem to be very important, just like the amount of 
water. Tartar concentration may change during the process because of the boiling of the solution. If 
we plan to experiment the reaction, the limit of tartar dissolution concentration may be a good 
choice. 
One can notice that there is no mention about the duration of treatment. The only indication is for 
its end: "until they became completely white" (silver alloy blanks). 
- Lastly, blanks are hammer-struck between two dies, and become coins. 
 
 
Experiment 
 
From these sources and metallorgaphical observations made on archaeological artefacts (Fig. 1 and 
Fig. 11), we have decided to set up experiments to understand the reactions involved, allowing to 
check the part of the ingot hammering process and the blanching treatment in the silver enrichment 
structures. In fact, in the literature, there is no information about the duration of the process, the 
only parameter to decide the end of the treatment is aesthetical. So, this experiment may also reveal 
how long the reaction takes. 

 

 
Fig. 1 - Regular silver enrichment structure on archaeological blank. 

 
According to the analysis of silvered archaeological blank (EDS analysis on the uncorroded core), 
we have prepared a 71 wt% copper and 29 wt% silver ingot. The smelting temperature was 
thermostated at 1150 °C in an electrical oven. The alloy has been molten in a graphical crucible and 
cast in an iron mould. Initial ingot dimensions were 6 cm x 1 cm x 0,4 cm. 
The whole process described in Boizard’s treatise has been applied to the experimental ingot. After 
four deformations and annealings (700 °C, 10 min) passes in order to decrease its thickness, its final 
                                                 
2 Formula : NaC4H5O6 and KC4H5O6 



 

dimensions are 9,94 cm x 1,85 cm x 0,16 cm. The different annealing period must be carried out 
below the eutectic temperature of Ag-Cu (780 °C) [15], in order to avoid the internal melt of the 
interdendritic eutectic that make the alloy fragile. To ease the hammering work, the ingot is 
quenched in water. 
During the hammer working and the quenching, some particles that we will call scales are ejected. 
Moreover, we can notice that during the process, the colour of the ingot changes, pinkish at the 
beginning, evolving to light pink grey with brown-red oxides on the surface. The brilliance is also 
different: mat, after annealing period (Fig. 2a), but quite bright after the hammering (Fig. 2b). 
At each step of the process, a sampling in the ingot is made to follow the microstructural evolutions. 
 

 
Fig. 2 - a – Ingot just annealed, mat. b – Ingot just hammered, bright. 

 
The ingot was cut into eighteen pieces prior to be treated by the blanching solution in various 
periods. For the mixture we take arbitrarily the average of the ratio available in the literature [14] 
according the fact that in a first hand, this parameter did not seem to be crucial. So, we have diluted 
one part of salt (pure sodium chloride) with 1,14 of tartar (gathered in a wine casts3) in enough 
water to leave some undissolved potassium bitartrate at the solution boiling temperature. In order to 
keep constant the bath composition that may change considering the loss of water by evaporation, 
the reaction was done in an erlenmeyer with water cooled liquefaction column and magnetic stirring 
(not to fast to avoid the self friction of the samples). The pH of the solution is 3,5 at 25 °C. 
 
The experiment was carried out in one week time to have samples treated during different times 
(Table 1). After the experiment, each sample was cleaned in ultrasonic bath with water and wiped. 

 
Time 0 3’ 4’ 9’ 16’ 32’ 2 h 4 h 8 h 1 d 2 d 1 week 

Number of samples 1 1 2 2 1 2 2 1 2 1 2 2 

Table 1 - Sampling. 
 
Then, all samples were cut, mounted and polished to a mirror for metallographic observations. They 
were also compared to the portions sampled during the hammer working. The blanching solution 
and its precipitates were also analysed by ICPMS and EDS. 
 
 

                                                 
3 DRX and EDS analysis revealed an almost pure composition with a majority of potassium bitartrate and a little 
hydrated calcium bitartrate. 



 

Results 
 
We can already notice that the blanching process carried out has finally produced a silver-like 
surface on all samples. Aesthetically, there is no difference between the samples treated for three 
minutes only and those treated for one week (Fig. 3). But the superficial silver layer cannot be 
compared to a real white metal surface, because the brilliance is less. However, this defect will be 
corrected after the strike (Fig. 4). 
 
Considering the blanching solution, we could clearly notice that during the experiment, its colour 
changed to blue. This is generally an evidence of the presence of Cu2+. This is confirmed by ICPMS 
analysis. Moreover, there are also some traces of silver that apparently have been dissolved during 
the treatment. 
 

Fig. 3 - a – Non treated samples. b – Samples treated for 
different times (3’ to 1 week) in comparison with a silver 

experimental coin. 

Fig. 4 - Evolution brilliance of experimental 
samples. 

 
But the quantity involved was very low as shown by the analysis of the precipitate that does not 
reveal any precious metal whereas, considering the reaction easiness, it should contain silver 
chloride. So, as it was expected, copper has preferentially been dissolved. 
 
On the other hand, the DRX analysis of the scales produced during the hammering shows a majority 
of copper oxides: cuprite (Cu2O, red) and cupric oxide (CuO, dark brown). It was not possible for 
us to determine the ratio between these two close compounds. But the brown and red colours 
observed during the working attest the presence of these two oxides. A little amount of silver metal 
can also be observed in the scales. 

 
Fig. 5 - Rough cast structure with superficial copper oxide layer. 



 

From the various sampling made during the hammer-working, the metallographical study allows to 
follow the evolution of the ingot microstructures. The rough cast sample shows the typical binary 
copper-silver structure with copper solid solution (Cu) dendrites in eutectic phase of Ag-Cu (Fig. 5). 
At this time, there is no silver enrichment structure. However, the section reveals a dark superficial 
layer that is in fact copper oxide (EDS analysis). 
After the four hammering passes, samples show silver solid solution (Ag) enrichment structures that 
we can describe as a silver solid solution sponge, filled with copper oxides (Fig. 6). This sponge is 
sometimes compacted (Fig. 7). So, it is obvious that the silver enrichment does not only take place 
during the blanching treatment but in the hammered-working too. 
 

Fig. 6 - Spongy (Ag) enrichment layer. Fig. 7 - Compact silver enrichment layer.  
 
Aesthetically, we have seen that there is no difference between samples treated one minute and one 
week. What can be say from an metallographical point of view? In a first time, we can explain the 
purpose of the blanching bath. It is important to remove the copper oxides that the silver enrichment 
layer contains after the hammering process, in order to only let the superficial white metal layer. 
After the blanching treatment, the observations of the cut section show that the copper oxides have 
been dissolved to give an airy spongy layer of (Ag) (Fig. 8). 
 

 
Fig. 8 - The enrichment silver layer before and after the blanching treatment. 

 
In a second hand, it seems that there is no evolution of the structures with the time. The long treated 
samples show the same silver layer than those treated for only 3 minutes. Finally the enrichment is 
globally homogeneous; its thickness is about 10 µm, never more than 15 µm, but thicker in certain 
places. In fact, this structure is certainly quite fragile and some fragments may be ejected during the 
hammering explaining the silver presence in the scales. 
 
To conclude, it is remarkable to observe such enrichment structure considering that they do not 
exist before the process. Moreover they appear highly compact in some places, probably the 
evidence of a hammer impact point. 
 
 



 

Discussion 
 
Thanks to this metallographical observations and analytical results, it is now possible to propose 
some assumptions in order to explain the mechanisms involved in the enrichment set up. 
In a first hand, we can definitely exclude that the final structure only takes place in the blanching 
bath by a preferential dissolution of copper metal against the silver. First because the 
metallographical section shows that there is already a segregation before the acid treatment but 
electrochemical mechanisms can not justify an acid preferential attack of the copper whereas both 
metals involved have a positive reduction potential (at 25°C E°(Ag+/Ag)=0,7996 V, 
E°(Cu+/Cu)=0,522 V, E°(Cu2+/Cu)=0,3402 V [16]). Moreover, the other elements which are in the 
solution (Cl-, Na+, K+) can not help thanks to a secondary reaction. On the contrary, the potential–
pH diagram for copper [17] shows that the different oxides are not stable in a pH=3,8 solution. 
So, during the hammer-working the copper metal is oxidized in copper oxides which are dissolved 
in the blanching bath. The characterization of the chemical mechanism involved supposes the use of 
an Ellinghan diagram to predict the equilibrium temperature between a metal, its oxide and oxygen.  
In a first time, the different possible reaction must be listed. The case discussed here is simple, 
because the ingot considered contains only copper and silver. So the reactions that may occur only 
imply these two metals and their oxides: 
 

4Ag + O2 <-> 2 Ag2O    (1) 
 

4Cu + O2 <-> 2 Cu2O    (2) 
 

2 Cu2O + O2 <-> 4 CuO   (3) 
 
For each of these reactions, we can plot the Gibbs free energy change (∆G) for the oxidation 
reaction versus the temperature, thanks to data available in literature [16]: 
 
 
For (1): 

TTG 3
298 10.46,13216,61)( −+−=°∆    (4) 

 
For (2): 

TTG 3
298 10.56,13632,333)( −+−=°∆  (5) 

 
For (3): 

TTG 3
298 10.6,23248,287)( −+−=°∆   (6) 

 
Before plotting these equations, it is necessary to propose some assumptions about the experimental 
parameters. In a first trial, we have set up our experiment in a laboratory with electrical oven that 
cannot be considered as medieval operating conditions. But we have also led the same process in a 
medieval-like way on the palaeometallurgical experimental platform in Melle, with the same 
results. So, in a first approximation we can assume that the laboratory experimental parameters can 
be chosen to be used in the Ellingham diagram. The partial pressure of dioxygen is pO2=0,2 atm, 
carbon dioxide and carbon monoxide gases are considered very diluted. 
The Ellingham diagram can be plotted (Fig. 9) with equations (4), (5) and (6), besides the dioxygen 
one, –RTln(pO2) (7). The intersection of the oxygen partial pressure curve with those of metals give 
the temperature at which a stable compound becomes unstable. Silver will be unstable at ambient 
temperature and likely oxidizes, but the reaction reverses above 146 °C. The copper is also unstable 
at ambient temperature, but becoming stable above the annealing temperature. Considering the 



 

Arrhenius equation, we assume that chemical reactions are faster at high temperature. So, this is 
during the annealing period that copper oxidizes while silver will tend to reduce. Even though this 
white metal oxidizes during the hammering, it will be in a much lower percentage, and it may be 
reduce during the annealings. 
 

 
Fig. 9 - Ellingham diagram. 

About the copper alteration, we must notice that the reaction may be controlled by the dioxygen 
presence. In fact, for the occurrence of oxidation, the oxygen must be on the reaction front, which 
means in the ingot. So, to allow the reaction, the reagent must diffuse through (Ag), copper oxides, 
but especially in the oxide fractures. However these fractures can be closed during the annealing 
because of the oxides dilatation. But new ones are open during the hammering. 
Now, we can explain the whole silver enrichment process (Fig. 10): 
 

 
Fig. 10 - Blanching process mechanism. 



 

- Just cast, the ingot only reveals a superficial copper oxide layer but no silver enrichment. 
- After the first hammering pass, there is no oxide left. 
- During the annealing period, copper preferably oxidizes first into Cu2O and then CuO until the 
reaction stops due to the oxygen's lack. 
- In the course of the next hammer-working, some new formed copper oxides are ejected and 
broken up allowing the oxygen diffusion and the (Ag) starts to condense. 
- Then, according to the number of annealing and hammering periods, the process just described 
will lead to a silver enrichment more or less thick. However a minimum of metallurgical work is 
necessary in order to set up the silvered surface. 
- Blanks made from the ingot are next put in the blanching bath to remove the remaining copper 
oxides. Their colour is at this time silver-like but still mat, due to the spongy structure. 
- Finally, blanks become bright silvered coins after the strike which compacts the silver enrichment. 
 
It must be noticed that this process can only take place with biphased silver-copper alloy, in fact, 
with a silver amount over 8,8 wt% according to the binary diagram [15]. We are obviously in the 
case of the silver percentage is under the eutectic composition (71,9 wt% Ag). 
It seems that experiments allow to propose a reaction mechanism of the blanching process. Now, it 
is possible to consider again the monetary treatises to enlighten the medieval workers’ skill. 
In a first hand, at any place in the different treatises studied, the hammering and annealing are 
pointed out an important step in the enrichment process. In fact, it is obvious for someone who 
works on a silver-copper alloy ingot that its colour changes to silver during the hammering. And it 
was already explained in the antic Greek alchemists: “The more often you put it in the bath and fire, 
more beautiful it becomes.” [11]. So, even if it may exist a little enrichment due to a minimum 
working on the ingot, it seems that it is not the most expected fact otherwise we should have found 
some specific orders for. So, the blanching process appears to just be a washing bath that removes 
the unaesthetic copper oxides which were formed during the annealing. So, the silver enrichment 
may easily exist but does not seem to be really important. 
 
We have seen that, after four passes of hammering and annealing, the final enrichment was about 
10 µm thick. It is very different from the 100-200 µm measured on the archaeological blank (Fig. 
11). Moreover this artefact presents some copper metal clusters remaining in the transformed layer. 
Furthermore, the enrichment appears more compacted on the upper surface area. 
 

 
Fig. 11 - Enrichment structure on an archaeological blank. 

 

How can we explain such differences? First of all, it is possible that some corrosion reactions may 
be involved with the long lasting burial. But, the corrosion layer thickness appears to be almost 
regular. So, this structure may also be the result of a blanching process. However, considering that 



 

the oxidized copper layer seems compacted on the surface, some (Cu) dendrites appear just 
oxidized with the same shape as in the blank core. Lastly, the enrichment thickness is very 
important. We can assume that this section may be the consequence of a long annealing, for 
example after a loss in a furnace. So, we have decided to start an experiment, in order to study this 
assumption. A blank made from a hammered and annealed silver-copper alloy (30/70 wt%) ingot 
has been placed in a hot metallurgical furnace during a week. After this treatment, the sample is 
dark brown with fragile oxide leaves on its surface. Cut and polished to a mirror, it shows 
interesting metallographical structures (Fig. 12b). In a first hand, its thickness is about 100 µm, like 
the archaeological one. 

 

 

Fig. 12 - Long annealed experimental blank.  
a – Enrichment layer.  b – Global structure. 

  
A detail of the surface layer (Fig. 12a) shows two different structures in the enrichment. In the near 
core area, the silver seems to remain compact. But copper oxides formed during the treatment 
taking more place than the (Cu) may have pushed the upper part up. Anyway the experimental 
sample shows an enrichment structure different from the archaeological one, particularly for 
compacted part location. The archaeological structure seems for its most important part, to be the 
result of corrosion during the burying, even if the compacted superficial enrichment is an evidence 
of the blanching process (Fig. 11).  
 
Finally, from an archaeometric point of view, these experiments confirm that superficial analysis 
must be carefully carried out. Considering that the mint tends to provide silver enrichment, the 
analytical results may be wrong if the depth of investigation is not deep enough. XRF or EDS 
analyses may only investigate the almost pure silver layer. It may be better to use fast neutron 
activation for global analysis [18] or ICPMS with laser sampling that allows core and depth profile 
analysis [19]. 



 

MERCURY SILVERING 
 
While studying the silvering process practised in the French Royal medieval mint, it is also 
interesting to consider another one used in the counterfeiting. This research is also undertaken from 
archaeological artefacts that have been discovered in two caves in the South of France (Aude). 
Considering the false silvered coins found in each cave and the context of discovery, these corpuses 
are clearly linked together with medieval counterfeiting activities (Fig. 13). A preliminary analysis 
revealed the use of mercury in the silvering process. 
 

 
Fig. 13 - Mercury silvered fake coins. 

a – Blanc aux couronelles. b – Douzain aux croissants. 

The blanching being used in the official coin making process, it has been easy to find some 
explanations of it in monetary treatises. Considering that counterfeiting is defined as illegal, the 
silvering recipes used in this activity should only be found in alchemist and jewellery treatises. 
However, if through the literature, the use of mercury in the gilding seems to be a common practice 
[8; 9; 10; 11], it is not the case with silvering for which silver pastes or hot soldered silver foils are 
more frequently described. It is understood that this difference in the processes involved can be 
noticed in the archaeological artefacts analyses and then in the published studies. So, if one can find 
many references dealing with mercury gilding or fire gilding [20; 21; 22; 23], even though this 
process is very similar to the mercury silvering, there are very few studies directly connected to our 
research. At this time the C. Vlachou article appears to be the most interesting one [7], because it 
deals with experimentation. This will be part of our study too. But our problems are different, in the 
type of silvered alloys and in the experimental methodology. The mercury silvering process can be 
described as follows: 
- A mercury-silver amalgam is prepared by grinding the two metals together. 
- To obtain a wax texture, the amalgam can be filtered to extract the mercury excess. 
- Then, it can be laid on the surface of the object that has been cleaned, first. 
- After that, the artefact is heated to drive the mercury off and let a porous silver layer. 
- To obtain a silver-like brilliancy, the surface must be polished with a burnishing tool.  
 
In C. Vlachou’s paper, the problem was to find out the best alloy to be mercury silvered, as well as 
the ideal temperature for the heating treatment. That is why, they have decided to use nitric acid to 
clean their alloys. Our problem is to find out the process used by medieval counterfeiters to produce 
the coins that were found.  
 



 

Experiment 
 
To produce experimental samples to be compared to our archaeological artefacts, we have decided 
in a first trial, to set up an experiment in accordance with only one medieval source. The mercury 
silvering process is quite simple. In most of ancient treatises, it is as explained below. In fact, 
differences can be found in the cleaning step. So, in our experiment we have followed the orders 
provided by Theophile’s medieval treatise [10]. 
 
Brass (30 wt% zinc) and copper planchets are our experimental samples. The amalgam is prepared 
with silver and excess of mercury in a beaker with magnetic stirring. We choose to control a final 
butter texture by filtering the prepared alloy through material (Fig. 14). The amalgam can then be 
easily handled. First, the surface needs to be cleaned because of the high surface tension of the 
alloy. In fact, it cannot be applied on a non prepared area. Theophile proposes to use a cleaning 
bath. It is a derivative of the blanching bath, a mixture of tartar, salt and mercury in hot water. Our 
samples have been put into this solution. The mercury that first stay in its phase, begins to colonize 
the samples surfaces until they are completely covered (Fig. 15). Then, the samples are wiped and 
the mercury excess removed. The amalgam is next easily applied (Fig. 16). To remove the mercury, 
the planchets are put in fire until their colour changes. It may be noticed that the final colour 
depends on the silvering layer thickness and on the treated alloy: quite yellow on brass, dark brown 
on copper and grey if the layer is thick. From these samples, we have decided to experiment 
different burnishing processes that will be discussed next. An agate burnishing tool has been used. 
 

 
Fig. 14 - Amalgam filtration. Fig. 15 - Sample cleaning. 

 
Fig. 16 - Amalgam silvering. 

 
 
Results and discussion 
 
In the two caves that have sheltered medieval counterfeiting activities, artefacts linked to different 
steps of the false coin making process have been found. There are silvered and non silvered blanks, 
thus finished coins that may have been used. So, these objects allow to have a comprehensive 
description of the process. 
First, considering the silvered surfaces, the two medieval counterfeiters did not use the same alloy. 
One of them made his blanks with almost pure copper (Fig. 13b), whereas the other used a 22 wt% 
zinc brass with about 3 wt% lead and 75 wt% Cu (Fig. 13a). These analyses are in accordance with 
advices that can be found in ancient treatises. In fact, mercury gilding or silvering appear to be 
difficult on bronzes. Besides, lead presence (over 5 wt%)  may spoil the final layer [24; 22]. 
However, we can also notice that even bras can be silvered, according to Theophile [10], it requires 
more skill. 



 

On a second hand, macroscopic surface observations reveal mercury silvering structures in 
accordance with the object placed in the making process. Here we have uncoated blanks, finished 
coins, silvered polished blanks (Fig. 18), and non polished ones (Fig. 17). 
 

 
Fig. 17 - Unburnished surface on archaeological blank. Fig. 18 - Burnished surface on archaeological blank. 

 
Then, it can be already assumed that the burnishing of blank is carried out before the strike. 
However, it must be pointed out because this problem has been studied during our experiments and 
reveals an interesting fact. We have noticed that blanks that had not been burnished before the strike 
could also obtain finally a silver-like brilliancy (Fig. 19). Nevertheless, the silvering of our 
experimental samples is not aesthetically perfect. In some area, the strike did not compact the silver 
layer. It may need a final burnishing treatment that may be awkward considering the coin’s designs.  
 

 
Fig. 19 - Experimental blank stroked unburnished. 

 
Fig. 20 - Surface of the experimental blank stroked 

unburnished. 
 
To avoid the burnishing step, the strike is supposed to be powerful enough to press every area on 
the coin, especially the designs. If it cannot be carefully done, it is easier to first burnish blanks. 
Anyway, the archaeological surfaces observed do not show the same structures as for our 
unburnished coins. 
Samples made on a silvered archaeological blank and the experimental analogues have been 
polished to the mirror for metallographical observations. In a first hand, the archaeological structure 
seems to be consistent. There are no oxides between the silvering layer and the planchet core, but 
those that have been obviously formed during the burying (Fig. 21). On the other hand, the 
experimental layers appear to be less consistent. Silver does not seem to be stuck on the surface 
(Fig. 22) and some oxides at the interface decrease the adhesion. And as it can be observed during 
the burnishing of the planchets, the layer appeared quite fragile. Furthermore, the experimental 
coatings show different thicknesses. If some samples reveal precious layers thicker than the 
archaeological one, others are obviously not silvered enough. However, it is important, in a 



 

counterfeiting way, to find the process to get the ideal silvering that does not use too much white 
metal. 
 

 
Fig. 21 - Archaeological silvering layer. Fig. 22 - Experimental silvering layer. 

 
From an analytical point of view, both archaeological and experimental samples show that an 
important mercury quantity remains on the finished artefact. No silver coating shows a pure 
composition in precious metal. However it must be noticed that there are some differences between 
the archaeological samples and the experimental ones. In fact, the mercury average is around 
30 wt% in the medieval silver layer, whereas, it is around 60 wt% on our samples. Moreover, there 
is a decrease of the mercury amount from the silver layer core to the surface and the difference is 
even more important on the archaeological samples. Considering the copper amount, it seems 
higher in the ancient samples, but for now, it is difficult to know if the analyzed copper does not 
come from the oxides included in the layer (Fig. 21). Even, the silver-mercury equilibrium diagram 
[15] cannot be used, considering that in this process the amount of one the metals is not constant (it 
is an open system), it may be assumed that our experimental heating parameters are different from 
the medieval one. 
 
To conclude, it appears that the mercury silvering process that has been experimented cannot be 
compared with the processes used by the two medieval counterfeiters. Even if, the final aspect of 
our analogues is silver-like, the brittleness of the layer may be due to the high mercury left in. It 
may be interesting to carry on this study with others analyses, in particular with X-ray diffraction 
characterization of the coating. Besides, considering that the equilibrium diagram is useless, 
differential scanning calorimetry or thermogravimetric analysis of the amalgam must be realized. 
In the same way, it may be interesting to investigate a mercury silvering process using a silver-
copper alloy as raw material, considering that a counterfeiter may use coins in his process. 
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