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Abstract: Nine glazed porcelain artifacts bearing the coat of arms of France, from King Louis XV
tableware orders, were analysed at the laboratory or in their conservation secure room. Based on
the experience acquired in the study of 18th century European and Chinese porcelain using mobile
XRF (pXRF) and Raman microspectroscopy, a comparison of the impurities in the paste (Y, Rb, and
Sr), the elements associated with cobalt in the blue overglaze (Bi, Mn, Zn, and As) and those present
in the tin yellow and Naples yellow pigments (Sn, Sb, and Zn) highlights the use of different raw
materials for some of these objects. Differences regarding the Ag content in the gold decorations
also provide information. Raman identification of the different types of yellow pigment confirms
the categorization. The results obtained on the Louis XV tableware are compared to those of “Chine
de commande”, attributed to the same places and periods of production or recognized copies. The
clustering of the quantitative comparison pXRF signals of the abovementioned elements and a
consideration of the Raman parameters of the yellow pigments appear to be effective tools for object
categorization to confirm or refute questions about the authenticity of objects.

Keywords: porcelain; tableware; pXRF; Raman; Chine de commande; Louis XV; paste composition;
impurities; blue; overglaze; cobalt; pyrochlore; yellow; gold; silver; provenance

1. Introduction

With the establishment of the Indian Companies, the East India Company (EIC), founded
in England in 1600; the Vereenigde Oostindische Compagnie (VOC), founded in Holland in
1602; and the Compagnie des Indes Orientales, founded in France in 1664, the importation of
Chinese and Japanese porcelain became important, particularly the production of embla-
zoned tableware services for the Courts and European elites [1–15]. These were enamelled
in the workshops of the Customs district in Canton [16], with the porcelain bodies an-
ticipated to have been made at Jingdezhen. These products made especially for export
are called ‘Chine de commande’. Louis XV, King of France, ordered an important porcelain
tableware service and other objects [17]. The centre of these objects is decorated with the
coat of arms of France, which is azure with three golden fleurs-de-lys, the collar of the
Order of the Holy Spirit, and the collar of the Order of Saint Michel, all under a closed
royal crown. The polychrome decoration combines a blue underglaze decoration with
blue, red, green, black, and gilding in an overglaze palette, and sometimes yellow and/or
eggplant to grey colours. Consequently, these artifacts belong to Famille verte according to
the 1862 classification of Albert Jacquemart [18]. Roughly, in the 1720–1730 period, Chinese
export porcelain followed the Famille verte criteria (in the so-called Kangxi style), with
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blue underglaze and ‘transparent colour’ overglaze. During the next decade, production
followed the Famille rose criteria, characterized by the addition of new opaque overglazes.
The order in question is attributed [17] to the development in 1738 of a new dining room
on the second floor of the ‘private’ King’s cabinets at Versailles castle. However, it is
possible that the first order was made earlier, circa 1720–1722 (the years corresponding
to the end of the reign of the Kangxi Emperor, the second emperor of the Qing Dynasty);
other pieces were ordered up to the year 1740, i.e., during the reign of Emperor Qianlong.
For instance, the order for twelve bidets with the coat of arms of France was placed with
the Compagnie des Indes Orientales [17] in 1738. The order was made by the Directors of the
French Company to the Board of Directors of Canton and was renewed due to the delay in
manufacturing, and the whole set was eventually delivered in 1740. The details of the order
are not known, but, traditionally, an 18th century tableware service amounted to between
112 and 122 pieces [17,19]. As the tableware was heavily used, it is likely that some pieces
have been broken and replaced.

Objects decorated with the coat of arms of France attracted much attention from
collectors in the 19th century and Maison Samson [20–22], who were known for creating
pieces simulating the great masterpieces of ceramic art, and who produced similar objects
in the last quarter of the 19th century and afterwards. These Qing porcelains continue to be
sought after and are the subject of regular sales in major auction houses [23–31], including
copies attributed explicitly to the Samson factory [32,33]. Experts distinguish ‘authentic’
objects from their copies by the comparative study of their dimensions, weight, paste colour,
and decorations, and through the search for documents concerning them.

To our knowledge, there has been no analytical work on this type of royal porcelain
apart from a preliminary study using Raman microspectroscopy by our group [34]. We
present here the first combined study of non-invasive elemental analysis by portable X-ray
fluorescence spectroscopy (pXRF) and the identification of crystalline and amorphous
phases by Raman microspectroscopy of eight objects bearing the royal coat of arms of
France (plus a comparison with previously published Raman data for another object) and
six similar objects bearing other coats of arms of contemporary important personages. The
objective is the research of analytical criteria for authentication. The availability of such
objects being limited and their transport complicated, only certain pieces were analysed
in the laboratory, while the others were analysed at their conservation site with mobile
Raman and/or pXRF instruments. Furthermore, the access duration to the objects and,
consequently, the number of measurements are limited. We will compare the results to
those of other ‘Chine de commande’ porcelain from the same period as well as to those of a
‘Samson’ copy.

2. Materials and Methods
2.1. Objects

The objects from the Louis XV tableware service have been the subject of several
studies, which should be referred to for a detailed description of the decoration and dating
proposals [17]. The palette used red, blue, and gold colours, a type of decoration style called
Imari due to its similarity with some Arita kiln porcelain (Kyushu, Japan). The objects and
their most characteristic parts studied in this work are presented in Figures 1–10 and their
main characteristics are listed in Tables 1 and 2.
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° The availability of this broken object allows us to know the thickness of the glaze (~300 to 400 µm) 
and overglazes (~50 to 250 µm) for large areas, and up to 500 µm for over-thickness enamels (see 
further). 

 
Figure 1. Large dish (Private Collection); views of the analysed areas (see Table 1); (a) blue coat of 
arms and white areas on the central collar; (b) yellow area at the top of the basket and blue over-
Figure 1. Large dish (Private Collection); views of the analysed areas (see Table 1); (a) blue coat of arms
and white areas on the central collar; (b) yellow area at the top of the basket and blue overglaze; (c) red
flower and green overglaze; (d) red flower and green leaves (overglaze) on the back of the dish.
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Figure 3. Mustard pot (Private Collection; (a,b) views of the two sides); analysed areas are the blue 
coat of arms, the white areas on central collar and the different overglaze with the basket; (c) small 
tureen, see ref. [34] (Private Collection). 

 

Figure 2. Plate (Musée du Petit Palais Collection); views of the analysed areas (see Table 1): (a) full
view; (b) blue coat of arms and the central collar; (c) note the lack of yellow area at the top of the
basket with red, blue and green overglazes.



Heritage 2024, 7 4884

Heritage 2024, 7, FOR PEER REVIEW  6 
 

 

glaze; (c) red flower and green overglaze; (d) red flower and green leaves (overglaze) on the back of 
the dish. 

 
Figure 2. Plate (Musée du Petit Palais Collection); views of the analysed areas (see Table 1): (a) full 
view; (b) blue coat of arms and the central collar; (c) note the lack of yellow area at the top of the 
basket with red, blue and green overglazes. 

 
Figure 3. Mustard pot (Private Collection; (a,b) views of the two sides); analysed areas are the blue 
coat of arms, the white areas on central collar and the different overglaze with the basket; (c) small 
tureen, see ref. [34] (Private Collection). 

 

Figure 3. Mustard pot (Private Collection; (a,b) views of the two sides); analysed areas are the blue
coat of arms, the white areas on central collar and the different overglaze with the basket; (c) small
tureen, see ref. [34] (Private Collection).
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Figure 4. Tureen (Private Collection); views of the analysed areas (see Table 1): (a) blue underglaze
coat of arms and blue, white, red and green overglaze (b–d); note the white dots in relief on the
central collar and the crown basement and the lack of yellow at the top of the basket.
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Figure 5. Knife handles (a) 28710A; (a’) 28710B) and torch (b) 12292) (Musée des arts décoratifs 
Collection). The green laser spot shows analysed area of the blue overglaze. The analysed areas are 
listed in Table 1. 

 
Figure 6. Ewer (a); (b,c): views of the analysed areas: blue, red, green, white and yellow areas (see 
Table 1); Rothschild10, Musée des arts décoratifs Collection. 

 
Figure 7. Tureen decorated with Philibert Orry coat of arms (Priv. Coll.): (a) view, (b–d) zooming on 
different overglazes, and (e) view of the object setting during Raman analysis. See Table 2 for ana-
lysed areas. 

Figure 5. Knife handles ((a) 28710A; (a’) 28710B) and torch ((b) 12292) (Musée des arts décoratifs
Collection). The green laser spot shows analysed area of the blue overglaze. The analysed areas are
listed in Table 1.
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Figure 6. Ewer (a); (b,c): views of the analysed areas: blue, red, green, white and yellow areas (see
Table 1); Rothschild10, Musée des arts décoratifs Collection.
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Figure 7. Tureen decorated with Philibert Orry coat of arms (Priv. Coll.): (a) view, (b–d) zooming
on different overglazes, and (e) view of the object setting during Raman analysis. See Table 2 for
analysed areas.
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Figure 8. Broken plate decorated with Philibert Orry coat of arms (Private. Coll.); (a) surface and (b) 
section view; arrows indicate the section view (note the different layers; knowledge of typical glaze 
and overglaze thicknesses is important in evaluating pXRF data); dashed lines are guides for eyes 
delimiting the different layers. See Table 2 for analysed areas. 

Philibert Orry was Contrôleur général des finances and Directeur général des Bâtiments 
for King Louis XV [37,38]. His half-brother, Jean-Louis Henry Orry, was the Directeur de la 
Compagnie des Indes [38] and one of the founders of the Vincennes porcelain factory, which 
was then made over to Louis XV and moved to Sèvres city [41]. 

   

MAD SN27A MAD SN27B Samson? 

Figure 9. Two plates with Elias Guillot coat of arms (SN27A and SN27B) with detailed view and a 
plate with unidentified coat of arms attributed to Samson factory (Musée des arts décoratifs Collec-
tion). See Table 2 for analysed areas. 

Figure 8. Broken plate decorated with Philibert Orry coat of arms (Private. Coll.); (a) surface and
(b) section view; arrows indicate the section view (note the different layers; knowledge of typical
glaze and overglaze thicknesses is important in evaluating pXRF data); dashed lines are guides for
eyes delimiting the different layers. See Table 2 for analysed areas.
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plate with unidentified coat of arms attributed to Samson factory (Musée des arts décoratifs Collection).
See Table 2 for analysed areas.
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Figure 10. Examination of artefact at the laboratory (a) width bench-top Raman spectrometer,
(b) mobile XRF and (c) mobile Raman spectrometer.

The enamelled decoration of these objects shows some differences from a simple visual
examination. Some have small yellow areas of overglaze enamels (large dish (Figure 1b),
mustard pot (Figure 3a), and objects of the Musée des arts décoratifs (MAD), Figure 6), while
these colours are absent from the decoration or from certain parts of the decoration of other
pieces (replaced with some pale grey or eggplant colour, e.g., the plate belonging to the
Musée du Petit Palais (MPP); Figure 2c). On some pieces, different shades of red are evident.
The opaque white highlights are only visible on some of the pieces. From these different
visual criteria, doubts exist about the authenticity of the plate (MPP Coll.) and the large
tureen (Priv. Coll.). A small tureen with the same decoration has already been studied
using Raman microspectroscopy [34], and the results will be compared.

Around the collars (Figures 1a, 2b, 3b and 4a) surrounding the coat of arms are four
cartridges containing the “L” monogram of King Louis XV in green foliage (Figure 1b). Red
flowers and green foliage are on the reverse of the large dish (Figure 1d). On the marli,
a decorative motif represents an underglaze blue lotus leaf (Figures 1c and 4c), on which
rests a chrysanthemum flower, itself supporting a basket with a lemon. In some objects,
the top of the basket is filled in with a pale yellow (e.g., Figures 1b and 5a’). The expected
dates of production are given in Table 1, the first set being from a ca. 1722 order and the
other from the ca. 1738 to 1743 order.
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Three dishes with the same decoration as the large dish and the plate (but in a different
format) are on show at the Château de Versailles, and another large dish is at the musée
de la Compagnie des Indes located in Port Louis/Lorient [13]. Certain objects with these
French arms, which are likely to belong to the orders of Louis XV, have been the subject of
recent sales [22–31]. Some of these objects have, however, been attributed to the Maison
Samson [32,33].

Table 1. Artifacts decorated with the French royal coats-of-arms (MAD: Musée des arts décoratifs,
Paris; Priv.: Private collection; MPP: Musée du Petit-Palais, Paris; n. a.: not analysed, ca.: circa).
Specific colours are in bold. Assumed or known periods are given in italics.

Name
Period

Collection/
Inventory
Number

Colours/Areas
Analysed
in pXRF

Colours/Areas
Analysed
in Raman

Figure
[Ref.]

Large dish
ca. 1722?
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Plate 
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Table 1. Cont.
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is considered to be a 19th/20th century production, possibly by the Samson factory, which 
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The objects of comparison (Table 2) consist of two objects ordered by Philibert Orry, ca.
1730 [35–38], a soup tureen and a dish, already partly studied [34], and four plates, three of
them bearing the arms of Ellias Guillot (1695–1743), Governor of the Coromandel Coast
(1733), Consul Extraordinary of India and Director General of India (1742) [39], assigned to
ca. 1740–1743, and the other with an unidentified coat of arms. This last plate is considered
to be a 19th/20th century production, possibly by the Samson factory, which was active
from ~1849 to 1992, mainly in Montreuil, a city near Paris [20–22]. One of these artifacts
has already been partly studied [40].

Table 2. Artifacts for comparison (MAD: Musée des arts décoratifs, Paris; AR: Musée de l’Ariana,
Genève; n. a.: not analysed). Assumed or known periods are given in italics.
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Table 2. Cont.

Name
[Period]

Collection/
Inventory
Number

Colours/Areas
Analysed
in pXRF

Colours/Areas
Analysed
in Raman

Previous
Study
[Ref.]
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° The availability of this broken object allows us to know the thickness of the glaze (~300 to 400 µm) 
and overglazes (~50 to 250 µm) for large areas, and up to 500 µm for over-thickness enamels (see 
further). 

 
Figure 1. Large dish (Private Collection); views of the analysed areas (see Table 1); (a) blue coat of 
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◦ The availability of this broken object allows us to know the thickness of the glaze (~300 to 400 µm) and overglazes
(~50 to 250 µm) for large areas, and up to 500 µm for over-thickness enamels (see further).

Philibert Orry was Contrôleur général des finances and Directeur général des Bâtiments
for King Louis XV [37,38]. His half-brother, Jean-Louis Henry Orry, was the Directeur de la
Compagnie des Indes [38] and one of the founders of the Vincennes porcelain factory, which
was then made over to Louis XV and moved to Sèvres city [41].

2.2. Techniques

Measurement set ups are shown in Figure 10.

2.2.1. Portable X-ray Fluorescence Spectroscopy (pXRF)

The procedure is described in detail in a previous article [40]. X-ray fluorescence analysis
was performed on site using a portable instrument (Elio, Milano, Italy). The set-up included
a miniature X-ray tube system with a Rh anode, a ~1 mm2 collimator, and a large-area Silicon
Drift Detector with an energy resolution of <140 eV for Mn Kα, with an energy range of
detection from 1.3 keV (in air) to 43 keV. The working distance between the instrument front
and the analysed spot is 1.4 cm, which permits the selection of coloured areas located on flat or
rather convex zones, but the shape of the instrument front often imposes a working distance
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of ~0.5 cm. Depending on the object, the measurement was carried out by positioning
the instrument on the top or on the side. Perfect perpendicularity to the area measured is
desirable. Measurements were carried out in the point mode with an acquisition time of
180 s, using a tube voltage of 50 kV and a current of 80 µA. No filter was used between the
X-ray tube and the sample. The analysis depth during the measurement of the enamel was
estimated from the Beer–Lambert law (the analysis depth is here defined as the thickness of
the top layer from which comes 90% of the fluorescence) [42] to be close to 6 µm at Si Kα,
170 µm at Cu Kα, 300 µm at Au Lα, and 3 mm at Sn Kα. These values should be compared
with the thicknesses of the overglazes, which range from ~50 to 500 µm.

The accuracy of the instrument is controlled by measuring reference glass and stone
samples [43]. The data fitting procedure with Artax 7.4.0.0 (Bruker, AXS GmbH, Karlsruhe,
Germany) software is described in previous papers [40,43]. The net area was calculated
under the peak at the characteristic energy of each element selected in the periodic table,
and the counts of the major, minor, and trace elements were determined in the coloured
areas (white, red, yellow, orange, blue, green, and black). Before plotting the diagrams, the
net areas of each element were normalized by the number of XRF photons derived from
the elastic peak of the X-ray tube of rhodium. Normalization with respect to the signal of
Co was made for the comparison of blue-containing elements for artefacts prepared with
very different technologies at different times. Then, these normalized data were plotted in
the ternary scattering diagrams. Additionally, Euclidian hierarchical similarity plots were
drawn for the interpretation and discussion of the results with Python software (version
3.12.4). The procedure used results from experience acquired in the analysis of hundreds
of objects. The intensities of the peaks of the electronic transitions (Kα, Kβ, Mα, Mβ, Lα,
Lβ, Lγ, etc.) giving the characteristic peaks depend firstly on the elements concerned and
secondly on the contents of these elements. This is why, for example, the peak of the major
element Si (silicon) can be smaller than minor elements (Pb contamination) and comparable
to that of Rb traces. In addition, a complex-coloured decoration requires a topological
variation in the three dimensions of the colouring agent concentration. The raw intensities,
therefore, have no meaning, and this is why we developed the clustering analysis procedure
in different diagrams comparing the areas of characteristic peaks. The access time to the
objects was limited; consequently, only one or sometimes two measurements were made.
Previous work [43] showed that the variability of results for equivalent-coloured areas did
not affect the conclusions in the clustering analysis procedure based on the comparison of
peak areas.

2.2.2. Raman Microspectroscopy

As in our previous studies (see reference [34] and references herein), artefacts were
analysed in the laboratory using a Labram HR800 spectrometer (HORIBA Scientific Jobin-
Yvon, France) excited by an Ar+ ion plasma laser Innova I90C 6UV (Coherent Inc., Santa
Clara, CA, USA) and some others on site using a mobile HE532 set up (HORIBA Scientific
Jobin-Yvon, Palaiseau, France) equipped with Ventus YAG laser (Laser Quantum, Fremont,
CA, USA). The availability of objects being limited, the analysis conditions vary depending
on the objects being studied.

The 457.9 and 514.5 nm lines of Ar+ laser were used at the laboratory with approxi-
mately 0.5 (dark-coloured enamels) to 10 mW (paste, glaze and light-coloured enamels)
power of illumination at the sample surface for the blue line and 0.2 to 2 mW for the green
line. Long working distance (LWD) 50× and 100× microscope objectives (Olympus Corp.,
Tokyo, Japan) were used. Analysed spots are about 5 × 5 and 2 × 2 µm2; the in-depth
penetration is similar for the colourless glaze, respectively, and strongly reduced for dark-
coloured areas. Typically, 50–4000 cm−1 spectral window was studied. Counting time
ranged between one minute or less and a few tenths of minutes (at least 3 accumulations to
suppress cosmic ray signals). Systematically, three spots are analysed per area considered.

The power of illumination used with the mobile 532 nm set-up (YAG laser) ranges
between 2 (dark-coloured areas) and 20 mW (light-coloured areas). Long working distance
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(LWD) 50× (Nikon Corp., Tokyo, Japan) and 200× (Mitutoyo, Kanagawa, Japan) micro-
scope objectives were used. The spectral window ranges from 50 to 3200 cm−1. Counting
times are less than a few minutes per spectrum with a minimum of 3 to 30 accumulations.
The measurement campaigns were carried out in different conditions (room tempera-
ture), and the limited resolution of the instrument led to an uncertainty of ±2 cm−1 on
the wavenumbers. The procedures are defined on the basis of experience acquired over
20 years in the analysis of hundreds of objects.

3. Results

We will first compare the pXRF spectra obtained on the different surface areas con-
stituting the porcelains (unglazed body, glaze and coloured overglaze, gilding). Then, we
will compare the areas of the characteristic XRF peaks of the elements. This method makes
it possible to categorize the pastes and glazes prepared with the same raw materials [40].
Then, the Raman spectra will be used to identify the opacifier and pigments before dis-
cussing the enamelling technique of each artefact to discuss their period of production and
provenance/authenticity.

3.1. Paste and Colourless Glazes

A comparison of the pXRF spectra of the pastes and the transparent glazes (Figure 11)
highlights small differences concerning the contamination by lead induced on the surface of
the paste during the firing of the lead-based enamels (virtually no contamination is observed
for the large tureen, indicating different firing conditions, but a small Pb contamination is
observed for the lid) as well as differences in the K/Ca, Rb/Sr, and Rb/Pb ratios (Figure 12).
The Pb contamination arises from the high volatility and reactivity of PbO above 800 ◦C.
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Figure 11. pXRF spectra of paste (left) and glaze (right) of porcelains decorated with coat of arms of
France (see Table 1).

For the colourless glazes, we note visible variations concerning the peak intensities of
K and Ca elements as well as Mn, Fe, and V. The composition of the large tureen (bottom
part) glaze shows a higher K/Ca ratio. Examination of the ternary diagrams constructed
from the peak area variations confirms the two groups (here after called GCa:K/Ca < 1.7
and GK:K /Ca~ > 1.7).
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zoom) and Sr vs. Rb biplot of data related to the paste. Lines are guides for eyes.

The distribution of intensities for the overglazes along a straight line from the vertex
Pb towards the area of the measurement values for the colourless glazes results from the
variation in the thickness of the overglaze, a thickness less than the depth at which the
detection of lead is made (a few hundreds of µm). The differences in the K/Ca ratio between
the paste (richer in potassium) and the glaze (richer in calcium) are obvious (Figure 12).

Differences between the two measurements made on the large dish illustrate the
variability of the measurements (there is an intrinsic heterogeneity of the material—paste
and glaze—and errors due to variable glaze thickness, as usual for pXRF analyses [43]).
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We observe the largest difference between the measurement concerning the body and
the lid of the large tureen. The Rb/Pb biplot and, in particular, the zoom on the low values
concerning the body (without or contaminated by lead during the firing of enamelled
decoration) and glaze highlight two types of paste, the large dish, the mustard pot and the
lid of the tureen on one side and the PP plate and the bottom of the tureen on the other side.
This indicates the use of different raw materials providing calcium, sodium, and potassium
for each group. The Sr vs. Rb biplot, i.e., the comparison of the signal of these impurities
provided by the material leading to fusion (flux), confirms two or three groups: PP plate
and tureen bottom on the one hand and tureen lid, large dish, and mustard pot on the other
hand, although the latter is a bit apart. It is clear that we have two or even three different
productions made using different raw materials, corresponding to different periods and/or
places of production.

3.2. Underglaze and Overglaze Blue

Figure 13 compares the pXRF spectra recorded on the blue underglaze areas. The
drawing of the blue colour being applied under the glaze means that the contribution of
the glaze will be significant. It is appropriate to only consider the peaks whose intensity is
stronger than in the colourless glaze (Figure 11). This is obviously the case for the elements
Mn and Co (the Kα peak of cobalt is on the right side of the Kβ peak of iron). The Kα

contribution of cobalt is seen by the broadening of the peak, and the Kβ one is on the right
side of the Ni peak. As for paste surface, contamination by lead on the glaze surface is
variable. The spectra of the large dish and the PP plate are close (CoU1 group), different
from those of the mustard pot and the large tureen (CoU2 group).
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Figure 13. Blue underglaze pXRF spectra of porcelains decorated with coat of arms of France. Arrow
indicates the broadening of the Fe Kβ-Co Kα double peak (see Table 1).

The spectra for overglaze blue are very distinct (Figure 14). These spectra are domi-
nated by the M (low-energy range) and L (medium-energy range) transition peaks of lead.
Zooming in on the peaks of other elements allows for detailed comparisons. Significant
differences also involve transition metals and elements geologically associated with cobalt,
such as Mn, Fe, Ni, Cu, Zn, and As, as well as the K/Ca ratios [44,45].
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Figure 14. Blue overglaze pXRF spectra of porcelains decorated with coat of arms of France (see
Table 1).

The spectra obtained on the blue overglazes of the large tureen, and its lid, differ
significantly regarding the Mn signal. Excluding the contribution of Fe and the associated
Mn in the colourless glaze under the overglaze, the cobalt used for the large dish, the PP
plate, and large tureen is almost free of manganese, rich in arsenic, and contains nickel, zinc,
and traces of copper. This signature is typical of cobalt imported from Europe [34,40,45–49].
The pot spectrum shows a higher level of manganese, too high to be unrelated to cobalt.
This indicates the use of (likely less expensive) cobalt traditionally used under the Ming
Dynasty and the beginning of the reign of Kangxi mixed with imported European cobalt, a
technique observed during the reign of Qianlong for Canton productions [40].

Figure 15 visualizes the different types of cobalt used for underglaze blue and over-
glaze blue, as widely demonstrated for Qing porcelains [34,40,45–48]. Note the lower Mn
content of blue overglaze of the tureen (bottom) and the PP plate.
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Figure 15. Co-Mn-As, Bi-Mn-As and Ni-Mn-As diagrams for measurement of blue (over- and
under-glazed blue) and white (opaque and transparent) areas. Dashed lines are guides for eyes.

3.3. White Painted Overglaze

Opaque white enamel dots are visible on the collar surrounding the coat of arms and in
certain places on other pieces (e.g., the flower petals of ewer decoration, Figure 6). Figure 16
compares the XRF spectra recorded for the large dish, the mustard pot, the large tureen,
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and the PP plate. The presence of arsenic—arsenates of lead, calcium, and potassium, the
classic opacifiers of Qing enamels [34,40,45,46]—is clear for the large dish and the large
tureen (see Figure 15). Although gold significantly contributes to the spectrum of the gilded
areas of the mustard pot, we can exclude the presence of arsenic in its decor, and the peak
ratio of the Au peaks is as expected. No arsenic is found for the plate. Therefore, we have
two different types of enamelled decoration. Surprisingly, a rather high level of zinc is
observed in the large dish, and as traces in pot and tureen (bottom), but not detected in the
plate and the tureen lid.

Heritage 2024, 7, FOR PEER REVIEW  15 
 

 

 
Figure 16. pXRF spectra of white (overpainted) areas of porcelains decorated with coat of arms of 
France. 

3.4. Yellow and Green 
Figure 17 compares the spectra of yellow and green enamelled areas. As expected, 

the large dish and mustard pot show that green colouration is achieved by Cu2+ ions, 
while yellows are based on lead–tin yellow. Further analysis of these pigments will be 
discussed using their Raman spectra. Variability is observed in the spectra obtained from 
different spots, with traces of nickel and zinc detected in the yellow overglaze. 

  

Figure 17. Yellow (right) and green (left) overglaze pXRF spectra of porcelains decorated with coat 
of arms of France: (a–a”), large dish; (b) mustard pot (see Table 1). 

Figure 18 presents a comparison of the relative peak areas of the main elements sta-
bilizing the pyrochlore phase of Naples Yellow-tin, antimony, and zinc, as well as char-
acteristic impurities in the raw materials (Sr, Y, and Rb) (see [50] and references cited 
therein). Visual examination of the artefacts indicates the rarity or challenges associated 
with implementing this colour due to the scarcity of areas coloured in yellow. Lead–tin 
yellow emerged towards the end of the Ming Dynasty (Wanli reign, 1582–1620), coin-
ciding with its introduction in Japan (Arita kilns) by Portuguese missionaries [51], but its 
use remained limited. There is a notable variability in the zinc signal for the large dish, 

Figure 16. pXRF spectra of white (overpainted) areas of porcelains decorated with coat of arms of
France.

3.4. Yellow and Green

Figure 17 compares the spectra of yellow and green enamelled areas. As expected, the
large dish and mustard pot show that green colouration is achieved by Cu2+ ions, while
yellows are based on lead–tin yellow. Further analysis of these pigments will be discussed
using their Raman spectra. Variability is observed in the spectra obtained from different
spots, with traces of nickel and zinc detected in the yellow overglaze.
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Figure 18 presents a comparison of the relative peak areas of the main elements
stabilizing the pyrochlore phase of Naples Yellow-tin, antimony, and zinc, as well as
characteristic impurities in the raw materials (Sr, Y, and Rb) (see [50] and references cited
therein). Visual examination of the artefacts indicates the rarity or challenges associated
with implementing this colour due to the scarcity of areas coloured in yellow. Lead–tin
yellow emerged towards the end of the Ming Dynasty (Wanli reign, 1582–1620), coinciding
with its introduction in Japan (Arita kilns) by Portuguese missionaries [51], but its use
remained limited. There is a notable variability in the zinc signal for the large dish, yet a
relatively consistent Sn/Sb ratio is maintained (Figure 18). Clear differences in composition
are evident between the lid (a Pb-Sn-Sb mixture with minimal zinc) and the bottom of the
large tureen (no Sb), confirming observations regarding the Rb signal of the body.
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3.5. Red and Pink

The decor features areas ranging in colour from deep red to pink or brown hues. In
certain instances, such as the mustard pot, large dish, large tureen, and PP plate, the red
hues derive from iron red (Figure 19). Traces of gold detected in the mustard pot and
small plate suggest the use of gold nanoparticles for colouring, a technique imported from
Europe [34,46], giving rise to what is known as Famille rose. However, gilded decorations
associated with red tones, like those seen in Figure 1c, can complicate spectral analysis
by blending signals derived from adjacent red areas. For example, the high intensity of
gold peaks in one of the red areas of the large dish (the necklace) stems from neighbouring
gilding. The decoration of the pot, therefore, appears different from that of the other objects.
The signal of gold derived from the nanoparticles present in purple to red areas (e.g.,
Figure 19d) is always very low due to the small amounts of gold required to obtain a vivid
red to purple colour (expected of 0.1 to 1% wt Au◦). Moreover, the narrow width of the
red lines and their thin application mean that measurements (bearing in mind the pXRF
spot diameter of approximately 1 mm2) are heavily “influenced” by the underlying and
neighbouring glazes. This complicates comparisons, necessitating a focus on differences
significant enough to distinguish from glaze measurements.
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Figure 19. pXRF spectra of red overpainted areas of porcelains decorated with coat of arms of France
((a), main face and (b), backside: large dish; (c): mustard pot; (d): plate; (e): tureen lid and bottom)
and comparison of Cr (f) and Ti (g) vs. Fe signal (shown with different symbols: circle for Large dish,
square for Pot, triangle for PP, and lozenge for Tureen).

3.6. Gold

Figure 20 compares the peak areas of characteristic gold and silver peaks, revealing
varying levels of silver addition across all objects, a common observation [52]. A notably high
level of Fe in one measurement likely originates from the substrate. The distinctive purple
colour seen in the large tureen is achieved using gold nanoparticles, precipitated through
the addition of tin following the Kunckel method [53–56]. Contrary to techniques observed
in other Chinese enamelled porcelain [56–60], the Perrot method involving arsenic is not
detected. Traces of manganese are likely impurities already present in the glaze matrix.
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Figure 20. Peak area related ternary diagrams of Au and associated elements (Ag, Sn, As, Mn, Fe) 
and Ag vs. Au biplot (normalized with Rh signal) for gilded, red, brown and purple areas of the 
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Figure 20. Peak area related ternary diagrams of Au and associated elements (Ag, Sn, As, Mn, Fe)
and Ag vs. Au biplot (normalized with Rh signal) for gilded, red, brown and purple areas of the
studied porcelains (shown with different symbols: circle for large dish, square for pot, triangle for PP,
and lozenge for Tureen) (see Table 1).

Comparative analysis of silver and gold signals clearly indicates differences between
the lower part of the tureen and the PP plate compared to other objects, highlighting that
the gilding on the lid of the tureen differs from that on its lower part.

3.7. Phase Identification

Raman spectroscopy, a non-invasive analytical method, effectively identifies crystalline
phases, opacifiers, pigments, and residual raw materials within artefacts that have not
fully transformed, as well as the types of vitreous matrices. Figures 21 and 22 compare the
Raman spectra of the two identified ‘groups’ by pXRF: the ‘standard’ group (including the
large dish, torch, knife handles, and ewer) and a piece from the ‘second’ group (bottom
of the large tureen). Initially, similar Raman signatures are recorded across all artefacts,
resembling those previously documented for Canton productions [34]. We will consider
each coloured area in detail to reveal the small differences.
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Figure 21. Representative Raman spectra recorded on large dish, large tureen (at the laboratory 
under 457.5 nm laser excitation and HR800 spectrometer) and on torch (MAD 12292) and ewer 
(MAD Rotschild10) with 532 nm exciting laser line (on-site analyses). 
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Figure 21. Representative Raman spectra recorded on large dish, large tureen (at the laboratory
under 457.5 nm laser excitation and HR800 spectrometer) and on torch (MAD 12292) and ewer (MAD
Rotschild10) with 532 nm exciting laser line (on-site analyses).
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3.7.1. Blue Under- and Overglaze

Differences observed in the pXRF data are confirmed by Raman microspectroscopy. In
blue-coloured underglaze and colourless (appearing white) areas, Raman spectra exhibit
weak signals with strong and broad fluorescence (continuous background increase). The
broad band around 480 cm−1 is characteristic of a high-melting aluminosilicate glassy
phase [34,56,60] (seen in the large dish, large tureen, 12292 torch, Figure 20; 28710A and
28710B knife handle Figure 21; Orry plate, Figure 22). Occasionally, a narrow peak around
~465 cm−1 corresponding to quartz deformation mode is discernible [61]. Rutile traces are
detected in the blue of 28710A, evidenced by a broad doublet around ~440 and 610 cm−1.
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Figure 22. Representative Raman spectra recorded on knife handles (MAD 28710A and 28710B) with
532 nm exciting laser line (on-site analyses).

Conversely, blue overglaze spectra feature a prominent peak around 815 cm−1 (Figure 23),
characteristic of the As-O stretching mode in lead calcium/potassium arsenate [46,62,63].
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Different variations in the width of peaks (indicative of structural disorder) and their
wavenumber positions are observed. A broader peak suggests a disordered structure,
which can be intrinsic or influenced by the nano size of crystals present. These varia-
tions in spectral parameters undoubtedly depend on the specific phase formed and its
composition [62].
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Figure 23. Representative Raman spectra recorded on Orry’ plate with 457.5 nm exciting laser line 
and HR800 spectrometer. 
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Figure 23. Representative Raman spectra recorded on Orry’ plate with 457.5 nm exciting laser line
and HR800 spectrometer.

The spectral signature of the silicate matrix in the blue overglaze exhibits a broad stretch-
ing mode band of the SiO4 vibrational unit, with main components around 970–980 and
1035 cm−1, characteristic of alkaline–lead glass [64], similar to Iznik fritwares [65]. This
signature is consistently observed in the large dish, large tureen, torch, ewer and plates
SN27A and SN27B.

In contrast, the plate attributed to Samson (Figure 24) shows a distinctly different
signature in its light-blue overglaze, featuring a doublet at 635–775 cm−1 characteristic of
cassiterite, along with broad features around 850 and 1000 cm−1. Cassiterite was histori-
cally used only for light-green colours during the Qing Dynasty, primarily in exceptional
imperial pieces influenced by the Jesuit guidance [40,66–68]. The presence of cassiterite in
the blue area of the Samson plate suggests its European origin. However, a small amount of
cassiterite is also detected in the green enamel of knife handle 28710A (635–775 cm−1 dou-
blet, Figure 22) near black lines. The presence of cassiterite in artefacts typically intended
for the Chinese Emperor underscores its association with high-quality production [65–67].

The spectra recorded on the Orry’ plate blue overglaze with a 457.5 nm are quite
similar to those obtained on the large dish. Under blue laser excitation, additional features
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are observed, specifically broad bands at 1270–1280 and 2900 cm−1. The first band has
previously been attributed to the presence of borate [34], with borax reported in the
recipes [55]. Complex resonance features may also contribute to these observations.

3.7.2. Opaque White Overglaze

Lead arsenates can form different structures depending on their composition. The best char-
acterized is apatite, with a non-stoichiometric composition (Na1-x-y/2KxCayPb4(AsO4)3 [62,63]),
but other structures and compositions such as feldspars are also known [62]. Apatite
typically exhibits a Raman spectrum with a narrow line around ~812 cm−1 and a shoulder
near ~775 cm−1, as observed in the large dish (Figure 21), the torch 12292, the Rothschild10
ewer (Figure 21), the Orry’s plate (Figure 23), and Ellias Guillot’s plates SN27A and SN27B
(Figure 24). In certain blue overglazes, this phase is also present, but the As-O band is
significantly broadened, indicating a more disordered structure, possibly feldspar, and/or
very small crystallites formed through precipitation–nucleation at lower temperatures.
If the white enamel highlights were applied last (appearing in relief), their firing likely
occurred at a relatively low temperature, achievable through the addition of borax and/or
increased lead content. The lower intensity of the As-O stretching mode in the overglaze
blues suggests that arsenic is primarily present as an element associated with cobalt in
the ingredients used, such as smalt, rather than intentionally added arsenic. These blue
enamels are also expected to contain borax [34,55], a flux that includes boron, and often
small amounts of sodium and lithium [69], which efficiently lower the melting temperature
and enhance gloss. Therefore, these overglazes can be fired last, as seen in the thick blue
enamels observed on Orry’s tureen (Figure 8).

The plate attributed to Samson, however, does not use lead arsenate, suggesting a
20th century production era when lead arsenate, widely used in previous centuries, was
abandoned.

3.7.3. Yellow Overglaze

A very weak signature of lead–tin yellow is detected for the large dish (low peak
around ~135 cm−1), as seen in the spectrum of the Orry’s plate (Figure 21). The intense
spectra (peaks at 140, 325 and 450 cm−1) were obtained for the Rothschild10 ewer (Figure 19)
and the knife handles 28710A and 28710B (Figure 20). This variation suggests that the
yellow enamels were fired at different temperatures [62,70,71]. It can be assumed that
the second group of artefacts (those exhibiting a ‘nice’ spectrum) was produced after the
production of lead–tin yellow pigment was mastered in China.

Based on our experience analysing Qing enamelled porcelain [40,66–68], pieces from
the Kangxi reign typically exhibit less intense Raman spectra in yellows, indicating the
sparing use of the colour due to limited availability and mastery of the pigment. This
observation aligns with the dating attributed to the Orry plate and large dish around
ca. 1720–1730, near the end of Kangxi’s reign or the beginning of Yongzheng’s reign. In
contrast, the ewer, torch, and knife handles show more vibrant yellow spectra, suggesting
a later production period around ca. 1740–1750, consistent with the final orders placed by
the Compagnie des Indes Orientales.

3.7.4. Green Overglaze

The spectra of green overglazes exhibit certain variability. When Cu2+ ions are dis-
solved in the network, we primarily observe the signature of a lead-rich glass, characterized
by a SiO4 stretching band at a relatively low wavenumber. For the large dish (Figure 21),
this band is around 970 cm−1, while for the knives (Figure 22), ewer (Figure 21), and torch
(Figure 21), the SiO4 stretching modes show two components at ~982 and 1030–1035 cm−1,
indicating a composition less rich in lead [64,65,72], approaching that of the yellow areas.
These differences suggest varying glazing conditions, providing additional evidence for
different production dates or places.
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In the green overglazes of the ‘Samson’ plate (Figure 24), a very strong fluorescence
is observed. This fluorescence serves as a secondary criterion for identifying Samson
copies. In Raman analyses of other objects attributed to this manufacturer, similarly strong
fluorescence of the glaze under green laser excitation has consistently been noted. We can
think that in the pursuit of productivity during the 20th century, traditional barrel grinding
of glaze precursor mixtures with flint pebbles was replaced by using steel balls, followed
by an acid treatment to remove iron contamination from ball wear. This sequence likely
introduced electronic defects that contribute to the observed fluorescence.
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Figure 24. Representative Raman spectra recorded on various coloured areas of plates of Figure 7 
with 532 nm exciting laser line (on-site analyses). 
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3.7.5. Red to Pink Overglaze

Two distinct types of signatures are observed: the first corresponds to the hematite
phase (discussed further), while the second is characteristic of the presence of metal
nanoparticles, exhibiting fluorescence with a maximum around ~550 nm (Figure 21, Roth-
schild10 artefact). Depending on the excitation wavelength of the laser, the spectrum of
hematite varies slightly, with the resonant band (bi-magnon) around 1315 cm−1 showing
maximum intensity under green light excitation [73,74].

Spectra of ‘pure’ hematite (α–Fe2O3, hereafter referred to as nH) displaying narrow
bands around 225 and 290 cm−1 are recorded for the large dish, large tureen, and Orry’s
plate, indicating the use of pure iron oxide precursors. In contrast, broader bands (bH),
accompanied by an additional small peak around 230 cm−1, are observed for knives 28710A
and 28710B (Figure 20) and SN27A Ellias Gillot plate. The broadening of bands suggests
partial substitution of iron by another element such as titanium or aluminium [74], a
phenomenon noted in various ‘Chine de commande’ [34], indicating the use of two types of
raw materials. Simultaneously, the signature of the opacifier lead arsenate is also observed.

The Raman spectra in Figure 25 confirm the use of different yellow pigments from the
lead–tin/lead–antimony family (Naples Yellows senso latu). For the large dish, detecting the
main peak around (or less than) 135 cm−1 is challenging due to several reasons: (i) a very
strong Rayleigh wing, characteristic of a highly heterogeneous glaze; (ii) a low amount of
pigment; and (iii) poor crystallinity. It is difficult to distinguish between these factors. These
observations align with the hypothesis of a limited availability of the pigment, suggesting
an early production date, as inferred from the pXRF analysis. The main components of
the SiO4 stretching mode of the glassy silicate matrix of yellow areas peak at ~990 cm−1

for the Orry tureen and large dish. On the contrary, an important second component is
observed at ~1020 cm−1 for the ewer (Rotschild10), the two knife handles (MAD 28710A
and 28710B), and the torch (MAD 12292), indicating a composition richer in alkali [64].
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The Raman signatures of other objects show a consistent strong peak at 140 cm−1.
Additionally, differences are noted (Figure 26) between the overglaze of the Orry’s tureen
body (containing lead arsenate) and its lid (arsenate-free). It is noteworthy that the spectrum
from the Rotschild10 yellow area also varies, sometimes showing the pigment’s signature
and other times not. This variability could be attributed to the large size of the pigment
grains, allowing independent recording of the pigment’s contribution versus the glassy
matrix (laser spot ~a few µm2).
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Figure 26. Representative Raman spectra of Orry tureen recorded at the laboratory with 457.5 nm
exciting laser line.

4. Conclusions

The characteristics are summarized in Table 3. The inherent variability in pre-industrial
ceramic production results in a dispersion of local compositions and data obtained from
pXRF and Raman analyses. Good statistics should be better made with data recorded for
each coloured area of objects from similar productions, which is not possible for most rare
masterpieces that are exceptionally provided by their recipients/customers. Furthermore,
the limited availability of analysis time for rare objects poses a significant challenge. This
is why the approach focuses on identifying possible independent criteria (visual/optical
properties, compositions of traces or associated elements, contamination, etc.) for the same
object and comparing them. Therefore, if most of the criteria lead to an opposition, the
conclusions should be reliable, whatever the limited statistics available.

A comparison of pXRF spectral signatures reveals distinct characteristics, such as Rb
vs. Pb and Sr vs. Rb ratios in pastes (Figure 12), Mn vs. As (Figure 15) ratios in blue areas,
and Ag vs. Au (Figure 20) in gilded areas, highlighting specific features of objects like the
PP plate and the lower part of the large tureen compared to others. Notably, differences
between the lid and bottom part of the large tureen are evident across multiple criteria,
including paste contamination with Pb, Sr, and Rb impurity levels and Mn content in the
blue overglaze.

Raman spectroscopy reveals significant differences in the signatures of yellow and
greenish areas. Various types of yellow pigment are distinguished: very poorly crystallized
or present in very small quantities in the large dish (main peak at 135 cm−1) and the torch
(125 cm−1), and two well-crystallized forms, respectively, in the lower part of the Orry’s
tureen on the one hand (135 cm−1) and the other objects on the other hand (knife handles,
ewer, 140 cm−1). These later yellows are richer in tin than other elements (Zn, Sb). The shift
in the main peak (related to the translational vibrational mode of Pb ions) indicates different
structures resulting from thermal treatment and composition. The very low intensity of this
Pb mode in the yellow pigment can be considered evidence of poorly controlled pigment
nucleation, suggesting an earlier production. If this criterion is accurate, it indicates that
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the large dish and the torch were part of the first order made by Louis XV. The other objects
would, therefore, have been made later.

The presence of cut and ground handles on the large tureen raises authenticity concerns
(typically, the 18th-century tureens lack handles), suggesting that it might be a copy. This
copy could have been made in China or elsewhere, considering specific paste impurities.
However, more artefacts need to be studied to confirm or exclude the possibility of Chinese
production iThe lid exhibits the pXRF and Raman criteria of ‘good’ objects like knife
handles, objects less sought after and, therefore, less copied. The production to replace a
non-repairable broken part copying a given decoration is, without question, part of the
capabilities of the old workshops, and, therefore, a tureen body would have been made
to match an older lid. We see that the visual criteria like the presence of yellow colour in
certain areas of the decoration correlate with compositional variations, serving as reliable
dating indicators. Unfortunately, to date, a perfectly non-invasive analysis on site does
not make it possible to identify the elemental isotopic distribution, which would make it
possible to better specify the uses of raw materials of the same geological origin.

The PP plate shares characteristics with the lower part of the large tureen and is
considered a copy by curators; hence, it could be a production of the same origin. These
objects do not present the strong fluorescence of Samson productions in Raman, so this
later origin can be excluded.

Raman analysis offers fewer criteria for categorizing objects than pXRF analysis. The
characteristic peaks of the crystalline phases allow for their identification. For the vitreous
matrix, we provide the wavenumber of the main component of the SiO4 stretching mode,
a value that enables us to classify this matrix according to its composition (rich in lead,
alkaline–lead, or alkaline) [64,65]. Only the examination of yellow areas is discriminating,
as not all objects contain this colour. This is why, since no yellow overglaze spectrum was
obtained from the small tureen studied in the previous work, it is not possible to link it to
the groups identified in this study.

The comparative clustering of the pastes, based on the signals from Rb, Sr, and Zr
impurities (Figure 27), perfectly visualizes the conclusions drawn from the XRF peak area
diagrams: two types of pastes are identified, those of objects without any yellow decoration
(tureen and PP plate) and others, including the tureen lid. The two-point measurement
of the large dish highlights the variability in these old artisanal productions. As expected
for overglaze enamels fired in an oxidizing atmosphere at Canton workshop(s), the use of
imported cobalt (smalt) from Europe was required. On the other hand, underglaze blue,
produced in the Jingdezhen kilns, fired in a reducing atmosphere with the porcelain body,
could use traditional cobalt, rich in manganese. Lower-level classifications are meaningless,
as they only differentiate each object. The clustering based on the compositions of the
golden decoration (where silver is alloyed with gold and bismuth comes from the bonding
flux) forms two groups, the large dish and the pot on one side and the other objects, but a
measurement on another place on the large plate belongs to this second group. Is this an
indication of a resumption of gilding? There are almost no pXRF studies of gilding, and,
therefore, it is not possible to estimate the intrinsic variability of gilding. The construction
of the clustering for the other overglazes with the impurities Rb, Sr, and Zr does not provide
information, each colour forming a group due to differences in composition (arsenic for
white overglaze, copper for green, iron for red). The main classification overlaps with that
made using the criterion of the use of yellow overglaze.
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Table 3. Main characteristics deduced from pXRF and Raman (in bracket, the crystalline phase identified and for the glassy phase the wavenumber of the main
component of the stretching SiO4 mode is given, expressed in cm−1) analyses (d: disordered; v: very; w: weak; S; strong)). Expected dates in contradiction with
Raman and pXRF criteria are strikethrough.

Name View Period Paste
(glaze)

Blue
under-g

Blue
over-g

White
over-g

Green
over-g

Yellow
over-g

Red
over-g

Rose
over-g Black

Large dish
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Zn 

Sn, Sb 
Zn 

Fe, Ti 
Sn, Sb 

Zn 
Fe   

Philibert Orry’ 
tureen bottom 

lid  
ca. 1730    

(apatite) 
(133, vS) 

(135, vS) 
(apatite) 
(135, vS) 

(no apatite) 

Pb-Sn 
(hematite) 

nH 

(apatite) 
(Fluo) 
(Nps) 

(580–600) 

Philibert Orry’ 
plate  

ca. 1730   
(d apatite; 

apatite) 
(1270) 

  (133, vS) (hematite)   

Torch 12292 

 

ca. 1739/1740 
or ca.1730?   (d apatite) (apatite) (apatite) (125, vw) (hematite)  (500–980–1035) 

ca. 1730
(d apatite;

apatite)
(1270)

(133, vS) (hematite)

Torch 12292
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component of the stretching SiO4 mode is given, expressed in cm−1) analyses (d: disordered; v: very; w: weak; S; strong)). Expected dates in contradiction with 
Raman and pXRF criteria are strikethrough. 

Name View Period 
Paste 

(glaze) 
Blue 

under-g 
Blue 

over-g 
White 
over-g 

Green 
over-g 

Yellow 
over-g 

Red 
over-g 

Rose 
over-g Black 

Large dish 
 

ca. 1722? 
Fo 

Fe-rich 
(Go) 

Mn-rich 
Co(U1) 

Traces of  
Mn, Ni, 
Cu, As 

(980–1035) 
(d apatite) 

No Zn 
K-rich 

As, Zn 
(apatite) 

Cu 
Fe, Mn 
Sn, Zn 

Sb 
(1000) 

Fe 
(135, vw) 

Fe, Mn 
(hematite) 

nH 
 No peak 

(960) 

Plate MPP 
 

ca. 1722? 
Copy 

Fo 
Rb-rich 

(Go) 

Mn-rich 
CoU1 

Mn, Fe, As 
Cu, Zn 
Co-rich 
Ca-rich 

No As 
No Zn 

 No Yellow Fe, Au?   

Mustard pot 
 

1725/1740? 
Fo 

Sr-poor 
(Go) 

Fe-rich 
CoU2 

Mn, Ni, As 
Cu, Zn 

High Mn 
K-rich 

No As ? 
Zn 

Sn, Sb 
Zn 

Fe, Ti 
Sn, Sb 

Zn 
Fe   

Philibert Orry’ 
tureen bottom 

lid  
ca. 1730    

(apatite) 
(133, vS) 

(135, vS) 
(apatite) 
(135, vS) 

(no apatite) 

Pb-Sn 
(hematite) 

nH 

(apatite) 
(Fluo) 
(Nps) 

(580–600) 

Philibert Orry’ 
plate  

ca. 1730   
(d apatite; 

apatite) 
(1270) 

  (133, vS) (hematite)   

Torch 12292 

 

ca. 1739/1740 
or ca.1730?   (d apatite) (apatite) (apatite) (125, vw) (hematite)  (500–980–1035) 

ca.
1739/1740
or ca.1730?

(d apatite) (apatite) (apatite) (125, vw) (hematite) (500–980–1035)
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Table 3. Cont.

Name View Period Paste
(glaze)

Blue
under-g

Blue
over-g

White
over-g

Green
over-g

Yellow
over-g

Red
over-g

Rose
over-g Black

Tureen
(small)
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Tureen (small) 
 

ca. 1738   (apatite) 
(1270)  (apatite)  (hematite)   

Tureen (large) 
Bottom lid 

 

ca. 1738? 
Copy 

F1 (body) 

Rb-rich 
Fo (lid) 

(GK) 

Fe-rich 
CoU2 

Fe, Ni, As 
Mn, Cu, Zn 

Apatite 
Ca-rich 

As 
Zn   

Fe, Sn 
nH  

580–600 
(1020) 

 
   

Fe, Ni, As 
Mn, Cu, Zn 

Ca(rich) 
No Zn Sn,Sb     

Ewer 
Rot-child10 

 

ca. 1725/1735   (d apatite) 
(980–1035) 

(apatite) (980–1035) (140, vS) 
Pb-Sn 

 (apatite) 
Fluo (NPs) 

No peak 

Knife handle 
28710A 

 

ca. 1739/1740  rutile   
(980–1040) 

SnO2? 

(140, vS) 
Pb-Sn 

+?Pb-Sb 
(+hematite) 

(hematite) 
wH   

Knife handle 
28710B 

 

ca. 1739/1740     
(980–1040) 

 
(140, vS) 

Pb-Sn 
(hematite) 

wH   

Elias Guillot’ 
plate SN27A 

 
ca. 1740/1743   (apatite) 

(980–1035) 
   (hematite) 

wH 
  

Elias Guillot’ 
Plate SN27B 

 
ca. 1740/1743   

Apatite 
(980–1035)    

(hematite) 
wH   

Plate Samson 
 

19th c.  Fluo SnO2  Fluo  (hematite)   

ca. 1738 (apatite)
(1270) (apatite) (hematite)

Tureen
(large)

Bottom lid

Heritage 2024, 7, FOR PEER REVIEW  29 
 

 

Tureen (small) 
 

ca. 1738   (apatite) 
(1270)  (apatite)  (hematite)   

Tureen (large) 
Bottom lid 

 

ca. 1738? 
Copy 

F1 (body) 

Rb-rich 
Fo (lid) 

(GK) 

Fe-rich 
CoU2 

Fe, Ni, As 
Mn, Cu, Zn 

Apatite 
Ca-rich 

As 
Zn   

Fe, Sn 
nH  

580–600 
(1020) 

 
   

Fe, Ni, As 
Mn, Cu, Zn 

Ca(rich) 
No Zn Sn,Sb     

Ewer 
Rot-child10 

 

ca. 1725/1735   (d apatite) 
(980–1035) 

(apatite) (980–1035) (140, vS) 
Pb-Sn 

 (apatite) 
Fluo (NPs) 

No peak 

Knife handle 
28710A 

 

ca. 1739/1740  rutile   
(980–1040) 

SnO2? 

(140, vS) 
Pb-Sn 

+?Pb-Sb 
(+hematite) 

(hematite) 
wH   

Knife handle 
28710B 

 

ca. 1739/1740     
(980–1040) 

 
(140, vS) 

Pb-Sn 
(hematite) 

wH   

Elias Guillot’ 
plate SN27A 

 
ca. 1740/1743   (apatite) 

(980–1035) 
   (hematite) 

wH 
  

Elias Guillot’ 
Plate SN27B 

 
ca. 1740/1743   

Apatite 
(980–1035)    

(hematite) 
wH   

Plate Samson 
 

19th c.  Fluo SnO2  Fluo  (hematite)   

ca. 1738?
Copy

F1 (body)
Rb-rich
Fo (lid)
(GK)

Fe-rich
CoU2

Fe, Ni, As
Mn, Cu, Zn

Apatite
Ca-rich

As
Zn

Fe, Sn
nH

580–600
(1020)
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Tureen (small) 
 

ca. 1738   (apatite) 
(1270)  (apatite)  (hematite)   

Tureen (large) 
Bottom lid 

 

ca. 1738? 
Copy 

F1 (body) 

Rb-rich 
Fo (lid) 

(GK) 

Fe-rich 
CoU2 

Fe, Ni, As 
Mn, Cu, Zn 

Apatite 
Ca-rich 

As 
Zn   

Fe, Sn 
nH  

580–600 
(1020) 

 
   

Fe, Ni, As 
Mn, Cu, Zn 

Ca(rich) 
No Zn Sn,Sb     

Ewer 
Rot-child10 

 

ca. 1725/1735   (d apatite) 
(980–1035) 

(apatite) (980–1035) (140, vS) 
Pb-Sn 

 (apatite) 
Fluo (NPs) 

No peak 

Knife handle 
28710A 

 

ca. 1739/1740  rutile   
(980–1040) 

SnO2? 

(140, vS) 
Pb-Sn 

+?Pb-Sb 
(+hematite) 

(hematite) 
wH   

Knife handle 
28710B 

 

ca. 1739/1740     
(980–1040) 

 
(140, vS) 

Pb-Sn 
(hematite) 

wH   

Elias Guillot’ 
plate SN27A 

 
ca. 1740/1743   (apatite) 

(980–1035) 
   (hematite) 

wH 
  

Elias Guillot’ 
Plate SN27B 

 
ca. 1740/1743   

Apatite 
(980–1035)    

(hematite) 
wH   

Plate Samson 
 

19th c.  Fluo SnO2  Fluo  (hematite)   

Fe, Ni, As
Mn, Cu, Zn

Ca(rich)
No Zn Sn, Sb

Ewer
Rot-child10
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Tureen (small) 
 

ca. 1738   (apatite) 
(1270)  (apatite)  (hematite)   

Tureen (large) 
Bottom lid 

 

ca. 1738? 
Copy 

F1 (body) 

Rb-rich 
Fo (lid) 

(GK) 

Fe-rich 
CoU2 

Fe, Ni, As 
Mn, Cu, Zn 

Apatite 
Ca-rich 

As 
Zn   

Fe, Sn 
nH  

580–600 
(1020) 

 
   

Fe, Ni, As 
Mn, Cu, Zn 

Ca(rich) 
No Zn Sn,Sb     

Ewer 
Rot-child10 

 

ca. 1725/1735   (d apatite) 
(980–1035) 

(apatite) (980–1035) (140, vS) 
Pb-Sn 

 (apatite) 
Fluo (NPs) 

No peak 

Knife handle 
28710A 

 

ca. 1739/1740  rutile   
(980–1040) 

SnO2? 

(140, vS) 
Pb-Sn 

+?Pb-Sb 
(+hematite) 

(hematite) 
wH   

Knife handle 
28710B 

 

ca. 1739/1740     
(980–1040) 

 
(140, vS) 

Pb-Sn 
(hematite) 

wH   

Elias Guillot’ 
plate SN27A 

 
ca. 1740/1743   (apatite) 

(980–1035) 
   (hematite) 

wH 
  

Elias Guillot’ 
Plate SN27B 

 
ca. 1740/1743   

Apatite 
(980–1035)    

(hematite) 
wH   

Plate Samson 
 

19th c.  Fluo SnO2  Fluo  (hematite)   

ca.
1725/1735

(d apatite)
(980–1035) (apatite) (980–1035) (140, vS)

Pb-Sn

(apatite)
Fluo

(NPs)
No peak

Knife handle
28710A
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Tureen (small) 
 

ca. 1738   (apatite) 
(1270)  (apatite)  (hematite)   

Tureen (large) 
Bottom lid 

 

ca. 1738? 
Copy 

F1 (body) 

Rb-rich 
Fo (lid) 

(GK) 

Fe-rich 
CoU2 

Fe, Ni, As 
Mn, Cu, Zn 

Apatite 
Ca-rich 

As 
Zn   

Fe, Sn 
nH  

580–600 
(1020) 

 
   

Fe, Ni, As 
Mn, Cu, Zn 

Ca(rich) 
No Zn Sn,Sb     

Ewer 
Rot-child10 

 

ca. 1725/1735   (d apatite) 
(980–1035) 

(apatite) (980–1035) (140, vS) 
Pb-Sn 

 (apatite) 
Fluo (NPs) 

No peak 

Knife handle 
28710A 

 

ca. 1739/1740  rutile   
(980–1040) 

SnO2? 

(140, vS) 
Pb-Sn 

+?Pb-Sb 
(+hematite) 

(hematite) 
wH   

Knife handle 
28710B 

 

ca. 1739/1740     
(980–1040) 

 
(140, vS) 

Pb-Sn 
(hematite) 

wH   

Elias Guillot’ 
plate SN27A 

 
ca. 1740/1743   (apatite) 

(980–1035) 
   (hematite) 

wH 
  

Elias Guillot’ 
Plate SN27B 

 
ca. 1740/1743   

Apatite 
(980–1035)    

(hematite) 
wH   

Plate Samson 
 

19th c.  Fluo SnO2  Fluo  (hematite)   

ca.
1739/1740 rutile (980–1040)

SnO2?

(140, vS)
Pb-Sn

+?Pb-Sb
(+hematite)

(hematite)
wH

Knife handle
28710B
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Tureen (small) 
 

ca. 1738   (apatite) 
(1270)  (apatite)  (hematite)   

Tureen (large) 
Bottom lid 

 

ca. 1738? 
Copy 

F1 (body) 

Rb-rich 
Fo (lid) 

(GK) 

Fe-rich 
CoU2 

Fe, Ni, As 
Mn, Cu, Zn 

Apatite 
Ca-rich 

As 
Zn   

Fe, Sn 
nH  

580–600 
(1020) 

 
   

Fe, Ni, As 
Mn, Cu, Zn 

Ca(rich) 
No Zn Sn,Sb     

Ewer 
Rot-child10 

 

ca. 1725/1735   (d apatite) 
(980–1035) 

(apatite) (980–1035) (140, vS) 
Pb-Sn 

 (apatite) 
Fluo (NPs) 

No peak 

Knife handle 
28710A 

 

ca. 1739/1740  rutile   
(980–1040) 

SnO2? 

(140, vS) 
Pb-Sn 

+?Pb-Sb 
(+hematite) 

(hematite) 
wH   

Knife handle 
28710B 

 

ca. 1739/1740     
(980–1040) 

 
(140, vS) 

Pb-Sn 
(hematite) 

wH   

Elias Guillot’ 
plate SN27A 

 
ca. 1740/1743   (apatite) 

(980–1035) 
   (hematite) 

wH 
  

Elias Guillot’ 
Plate SN27B 

 
ca. 1740/1743   

Apatite 
(980–1035)    

(hematite) 
wH   

Plate Samson 
 

19th c.  Fluo SnO2  Fluo  (hematite)   

ca.
1739/1740

(980–1040) (140, vS)
Pb-Sn

(hematite)
wH

Elias Guillot’
plate SN27A
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Tureen (small) 
 

ca. 1738   (apatite) 
(1270)  (apatite)  (hematite)   

Tureen (large) 
Bottom lid 

 

ca. 1738? 
Copy 

F1 (body) 

Rb-rich 
Fo (lid) 

(GK) 

Fe-rich 
CoU2 

Fe, Ni, As 
Mn, Cu, Zn 

Apatite 
Ca-rich 

As 
Zn   

Fe, Sn 
nH  

580–600 
(1020) 

 
   

Fe, Ni, As 
Mn, Cu, Zn 

Ca(rich) 
No Zn Sn,Sb     

Ewer 
Rot-child10 

 

ca. 1725/1735   (d apatite) 
(980–1035) 

(apatite) (980–1035) (140, vS) 
Pb-Sn 

 (apatite) 
Fluo (NPs) 

No peak 

Knife handle 
28710A 

 

ca. 1739/1740  rutile   
(980–1040) 

SnO2? 

(140, vS) 
Pb-Sn 

+?Pb-Sb 
(+hematite) 

(hematite) 
wH   

Knife handle 
28710B 

 

ca. 1739/1740     
(980–1040) 

 
(140, vS) 

Pb-Sn 
(hematite) 

wH   

Elias Guillot’ 
plate SN27A 

 
ca. 1740/1743   (apatite) 

(980–1035) 
   (hematite) 

wH 
  

Elias Guillot’ 
Plate SN27B 

 
ca. 1740/1743   

Apatite 
(980–1035)    

(hematite) 
wH   

Plate Samson 
 

19th c.  Fluo SnO2  Fluo  (hematite)   

ca.
1740/1743

(apatite)
(980–1035)

(hematite)
wH
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Table 3. Cont.

Name View Period Paste
(glaze)

Blue
under-g

Blue
over-g

White
over-g

Green
over-g

Yellow
over-g

Red
over-g

Rose
over-g Black

Elias Guillot’
Plate SN27B
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Tureen (small) 
 

ca. 1738   (apatite) 
(1270)  (apatite)  (hematite)   

Tureen (large) 
Bottom lid 

 

ca. 1738? 
Copy 

F1 (body) 

Rb-rich 
Fo (lid) 

(GK) 

Fe-rich 
CoU2 

Fe, Ni, As 
Mn, Cu, Zn 

Apatite 
Ca-rich 

As 
Zn   

Fe, Sn 
nH  

580–600 
(1020) 

 
   

Fe, Ni, As 
Mn, Cu, Zn 

Ca(rich) 
No Zn Sn,Sb     

Ewer 
Rot-child10 

 

ca. 1725/1735   (d apatite) 
(980–1035) 

(apatite) (980–1035) (140, vS) 
Pb-Sn 

 (apatite) 
Fluo (NPs) 

No peak 

Knife handle 
28710A 

 

ca. 1739/1740  rutile   
(980–1040) 

SnO2? 

(140, vS) 
Pb-Sn 

+?Pb-Sb 
(+hematite) 

(hematite) 
wH   

Knife handle 
28710B 

 

ca. 1739/1740     
(980–1040) 

 
(140, vS) 

Pb-Sn 
(hematite) 

wH   

Elias Guillot’ 
plate SN27A 

 
ca. 1740/1743   (apatite) 

(980–1035) 
   (hematite) 

wH 
  

Elias Guillot’ 
Plate SN27B 

 
ca. 1740/1743   

Apatite 
(980–1035)    

(hematite) 
wH   

Plate Samson 
 

19th c.  Fluo SnO2  Fluo  (hematite)   

ca. 1740/1743 Apatite
(980–1035)

(hematite)
wH

Plate Samson
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Tureen (small) 
 

ca. 1738   (apatite) 
(1270)  (apatite)  (hematite)   

Tureen (large) 
Bottom lid 

 

ca. 1738? 
Copy 

F1 (body) 

Rb-rich 
Fo (lid) 

(GK) 

Fe-rich 
CoU2 

Fe, Ni, As 
Mn, Cu, Zn 

Apatite 
Ca-rich 

As 
Zn   

Fe, Sn 
nH  

580–600 
(1020) 

 
   

Fe, Ni, As 
Mn, Cu, Zn 

Ca(rich) 
No Zn Sn,Sb     

Ewer 
Rot-child10 

 

ca. 1725/1735   (d apatite) 
(980–1035) 

(apatite) (980–1035) (140, vS) 
Pb-Sn 

 (apatite) 
Fluo (NPs) 

No peak 

Knife handle 
28710A 

 

ca. 1739/1740  rutile   
(980–1040) 

SnO2? 

(140, vS) 
Pb-Sn 

+?Pb-Sb 
(+hematite) 

(hematite) 
wH   

Knife handle 
28710B 

 

ca. 1739/1740     
(980–1040) 

 
(140, vS) 

Pb-Sn 
(hematite) 

wH   

Elias Guillot’ 
plate SN27A 

 
ca. 1740/1743   (apatite) 

(980–1035) 
   (hematite) 

wH 
  

Elias Guillot’ 
Plate SN27B 

 
ca. 1740/1743   

Apatite 
(980–1035)    

(hematite) 
wH   

Plate Samson 
 

19th c.  Fluo SnO2  Fluo  (hematite)   19th c. Fluo SnO2 Fluo (hematite)
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The comparative clustering of the pastes, based on the signals from Rb, Sr, and Zr 
impurities (Figure 27), perfectly visualizes the conclusions drawn from the XRF peak area 
diagrams: two types of pastes are identified, those of objects without any yellow decora-
tion (tureen and PP plate) and others, including the tureen lid. The two-point measure-
ment of the large dish highlights the variability in these old artisanal productions. As 
expected for overglaze enamels fired in an oxidizing atmosphere at Canton workshop(s), 
the use of imported cobalt (smalt) from Europe was required. On the other hand, under-
glaze blue, produced in the Jingdezhen kilns, fired in a reducing atmosphere with the 
porcelain body, could use traditional cobalt, rich in manganese. Lower-level classifica-
tions are meaningless, as they only differentiate each object. The clustering based on the 
compositions of the golden decoration (where silver is alloyed with gold and bismuth 
comes from the bonding flux) forms two groups, the large dish and the pot on one side 
and the other objects, but a measurement on another place on the large plate belongs to 
this second group. Is this an indication of a resumption of gilding? There are almost no 
pXRF studies of gilding, and, therefore, it is not possible to estimate the intrinsic varia-
bility of gilding. The construction of the clustering for the other overglazes with the im-
purities Rb, Sr, and Zr does not provide information, each colour forming a group due to 
differences in composition (arsenic for white overglaze, copper for green, iron for red). 
The main classification overlaps with that made using the criterion of the use of yellow 
overglaze. 

 
Figure 27. Hierarchical similarity diagram constructed for the comparison of pastes (variables: 
signals of impurities Rb, Sr and Zr), blue decorations (variables: signals of elements Mn, As and Bi 
normalized by that of Co) and gilding (variables: Au, Ag and Cu). The dotted line indicates the 
classification level considered relevant. 

This work shows the full potential of on-site measurements with mobile instru-
mentation. It also shows its limits with the lack of statistics. However, it identifies the 
different parts to study, the elements to measure, and the phases whose Raman signature 
must be studied. The study of other objects should support the initial conclusions. 
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Figure 27. Hierarchical similarity diagram constructed for the comparison of pastes (variables:
signals of impurities Rb, Sr and Zr), blue decorations (variables: signals of elements Mn, As and
Bi normalized by that of Co) and gilding (variables: Au, Ag and Cu). The dotted line indicates the
classification level considered relevant.

This work shows the full potential of on-site measurements with mobile instrumenta-
tion. It also shows its limits with the lack of statistics. However, it identifies the different
parts to study, the elements to measure, and the phases whose Raman signature must be
studied. The study of other objects should support the initial conclusions.
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