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Abstract
The leather wall hanging “Ilha Formosa”, one of the few historical representations of Taiwan showing aspects from the
everyday life in the island around the 18th century, was analysed by the Rathgen-Forschungslabor (RF) in collaboration
with the Ethnologisches Museum (EM) in Berlin-Dahlem. The non-invasive analyses carried out in situ had the objective
of documenting the preservation state of the wall hanging and identifying the pigments and colorants used to paint it.
Optical microscopy, micro-X-ray fluorescence (µ-XRF) and micro-Raman spectroscopy (µ-Raman) were performed in situ,
besides a detailed description of the state of preservation. It was possible to determine the origin of most of the colours
and compare different parts of the leather object. The inorganic pigments carbon black, lead white, minium, cinnabar, ultramarine, azurite and the organic pigment indigo could be undoubtedly identified. Furthermore, µ-XRF analyses suggest
the presence of pigments containing mainly copper, cobalt and iron. Organic dyes or lakes are probably also present, but
their identification is not possible by the applied techniques.
The acquired data will be used for further art-historical studies and comparison with the few other existing wall hangings
world-wide.
The challenges of carrying out in situ analyses of an object with such dimensions (123.70 x 181.70 cm²) are also discussed
in this paper.

Introduction
There are several Formosan leather wall hangings depicting
the Taijiang Lagoon, Fort Zeelandia and Provintia in the old
Anping district of Tainan, on the southeast coast of Taiwan.
They show the booming maritime trade, modes of transportation and other aspects of life of both the Han Chinese and
indigenous peoples in this area during the 18th or 19th centuries, which had been under Dutch control in the earlier 17th
century until they were defeated by Koxinga’s forces when
China’s Qing Dynasty began to rule Taiwan.
The “Ilha Formosa”, in particular, is a painting on leather
from the 18th century corresponding to the Ming-Dynasty,
where commercial exchanges between the island and the
Netherlands are represented. The name of the island dates
back to the first denomination (“Ilha Formosa”, i.e. beautiful
island) of the island by the Portuguese when they sighted it,
in the 16th century.
The scientific study of the “Ilha Formosa” wall hanging
from the Ethnologisches Museum (EM) in Berlin was possible due to the cooperation between this museum, the Rathgen-Forschungslabor (RF) and the Graduate Institute of Art
History in Taiwan (NTNU) in the frame of the research project “Identification and Interpretation: A Study of Formosan
Leather Wall Hangings”. One of the aims of this project is to
compare similar leather paintings of the island and ascertain
whether they were manufactured in the same region and in

the same period. Stylistic appreciations of the objects might
not be sufficient for an accurate attribution and can be supported by the material characterisation of leather and respective production process (including tanning, liming, etc.), of
the pigments and the binding media.
This paper presents the scientific analyses performed by
the Rathgen-Forschungslabor on the leather wall hanging,
focusing on the identification of the pigments and colorants.
Prior to chemical analyses, the object was documented using
optical microscopy. The state of preservation of the different
leather parts of the wall hanging, the colours present and
other noteworthy aspects were recorded.

Methods
Microscopic observations using a digital microscope took
place in order to document the state of preservation of the
object and choose appropriated spots for pigments analyses.
A colour inventory was established with all colours present
in each area. Subsequently µ-XRF analyses were performed on the object providing an overview of the chemical
elements present in each coloured area. From these analyses the inorganic pigments present on the hanging could be
inferred. Based on the µ-XRF results, µ-Raman analyses
were performed in fewer and accurately selected spots, to
confirm the results obtained by µ-XRF and identify those
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which cannot be identified just by their colour and elemental
constitution.
The measurements had to take place in situ in the Bornemann Saal of the EM where the instruments had to be
transported. All performed techniques were non-invasive
but their adaptation to the big object size standing vertically
implied some restrictions, namely, not all areas of the painting could be reached.
In order to reach a broader area of the painting, this had to
be kept in vertical position. It was possible to hang it at two
different heights to enable the access of the instrumentation
to different areas. Nevertheless, it was not possible to reach
the whole area with all the instruments.

Digital microscopy
For the microscopic study, the digital microscope Keyence VHX-500FD with a VH-Z00R objective (5x – 50x) or
a VH-Z20 objective (20x – 200x) was used. Pictures were
taken with a definition of 1600 x 1200 pixels and saved in
JPG-format. A total of 168 details were documented with a 5x
magnification objective and occasionally also with a 50x one.

Micro-X-ray fluorescence (µ-XRF) analyses
The portable ArtTAX Pro spectrometer (Bruker) detects the
elements from sodium (Na) to uranium (U). A vacuum head
was used, which minimizes the amount of air through which
the X-rays must pass increasing its sensitivity to the lighter
elements. Furthermore, helium (He) was constantly flown
on the sample to minimize adsorption of the fluorescent
X-rays by air. The analysed area has a diameter of about 0.1
mm (or 100 µm) thanks to a focussing X-ray optics.
An acceleration voltage of 45 kV, 100 µA was used.
Spectra were acquired with a Life-time of 100 s, in the
0-50 keV spectral range. Underground adaption by 60
smoothing cycles was performed.

Micro-Raman spectroscopy (µ-Raman)
A Horiba XploRa Micro-Raman system, equipped with a
532 nm, a 638 nm and a 785 nm laser, was used for µ-Raman
analyses. The maximum power of each laser is 25 mW (532
nm), 24 mW (638 nm) and 90 mW (785 nm). Moreover,
the laser power was controlled by using different filters
(transmissions of 100 %, 50 %, 25 %, 10 %, 1 %, 0.1 %)
and the spectral resolution was managed through different
gratings. Wavelength scale calibration was carried out by
using a Si standard (520.5 cm-1). Data acquisition and spectra elaboration were performed with NGSLabSpec software.
Spectra report Raman signal intensity (counts) as function of
Raman shifts (cm-1).
The set-up was modified with respect to the usual Raman
microscopy set-up in order to work in a non-invasive way
on the wall hanging. The laser path is deviated by 90° using
a so-called macro accessory which contains a 45° sloped
mirror for analyses (Fig. 1).

Materials

Fig. 1: Scheme of the in situ µ-Raman setup used

56

The wall hanging (123.70 x 181.70 cm²) depicted in Fig. 2,
is composed of ten leather pieces sewed together and in
its turn to a canvas (161.0 x 221.0 cm²) which is fixed to a
wood structure (174.0 x 231.5 x 7.5 cm³).
The following Fig. 3 shows the spots measured with the
three techniques.
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Fig. 2: “Ilha Formosa” showing the ten leather pieces (yellow), other hand sewed segments (white)
and machine sewing marks (hatched light blue)

Fig. 3: Spot analyses on wall hanging “Ilha Formosa”: microscopy (M) indicated in blue, µ-XRF (X) indicated in green and
µ-Raman (R) indicated in yellow.
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Results and discussion
As seen in (Fig. 2), the wall hanging is composed by ten
pieces sewed together. There are four main pieces – Areas
1 and 2 on the left side (ca. 74 cm wide) and 5 and 8 on the
right side (ca. 108 cm wide) – and six smaller ones. Each
piece of leather obtained from an animal has an irregular
shape and when two pieces are sewed together, there might
be some gaps. Therefore, it is common that, to obtain such
a large piece of leather as “Ilha Formosa”, smaller pieces
are added to bridge those gaps. Once the desired size is
obtained, the surface can be prepared for painting.
Nevertheless, even with the naked eye, it is clear
that Areas 6 and 10 in “Ilha Formosa” have a distinct
appearance, not only the colour of the leather but also
those of the pigments are different from the rest. This
naturally rose many question such as: “Were these pieces
added later than the production of the painting?” or “Are
these two pieces original but aged faster than the others?”
The depiction of the island Formosa (hereafter called
central painting) occupies most of the painted area. The
frame around it can be described as two parallel orange-red
stripes with geometrical forms and, between those, a flower
pattern. Each of the four corners are also decorated with a
dark-blue element, which clearly overlaps the flower pattern.
First, a general view of the microscopy observations
will be given and secondly the characterisation of the
leather and each colour present.

Microscopic documentation
There are seam marks in the margins of the whole painting
(Fig. 2) suggesting that it was once sewed to another support. In some areas repairs were made by hand sewing. Both

caused loss of paint in the blue corners as seen in Fig. 4.
The microscopic analysis confirmed also that the blue
corners were painted over the frame decorations suggesting
that they could have been added after the painting
production.
Inlays are fixed by gluing and patches by sewing to
the leather object as seen in Fig. 5. Inlays are discreet
and mingle with the surrounding but patches seem to be
deliberately recognisable.
A broad segment of Area 2 shows a better protected
colour layer, possibly due to the presence of a covering
film (probably oily) which protects the surface (Fig. 2 and
Fig. 6a). In Fig. 6b, the lack of paint layer is evident and a
hole is present. The border of the hole has been consolidated
by sewing it and gluing it to the support.
Two areas of the wall hanging are clearly different. The
painting layer in area 6 is deeply faded in comparison with
the rest of the painting and the leather is slightly paler
(Fig. 7a). The leather from area 10 is paler than in the other
areas and the painting is quite different (Fig. 7b), resembling the small patch seen in Fig. 5b.
Some types of pigment or thinner paint layers
seem to fall off easily, such as seen in Fig. 8a, where
the knees of one man are missing. A thick paint layer,
on the other hand, seems to protect the leather. Indeed,
faces and other parts drawn in a more detailed way
are better preserved. In Fig. 8b, it is clear that the
details of the figures are still well preserved but the
leather all around is quite degraded and worn. Other damages are very regular holes with ca. Ø 1.5 mm and in one
area a burnt spot (Fig. 9).

a)
b)
Fig. 4: Example of sewing by a) machine (spot M30) and b) hand (spot M32)
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a)
Fig. 5: Example of a) inlay (spot M63) and b) patch (spot M42)

b)

a)
b)
Fig. 6: Example of paint layer a) protected by “oily” film in Area 2 (spot M164) and b) degraded (spot M57)

a)
b)
Fig. 7: Two areas are clearly distinct from the surrounding ones: a) area 6 (spot M22) and b) area 10 (spot M12)
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a)
b)
Fig. 8: Two areas where the paint layer is partially missing: a) man’s knees (spot M167) and two women (spot M55)

a)
b)
Fig. 9: Examples of further peculiarities: a) very regular hole (M98) and b) burnt spot (M156)

a)
b)
Fig. 10: µ-XRF (analytical spots): a) Leather, (Area 1, spot X165) b) Leather (Area 6, spot X52)
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Characterisation of the leather and insights into the
leather preparation process
Regarding the chemical composition of the leather, the
four bigger pieces (Areas 1, 2, 5 and 8) showed by means
of µ-XRF, a high concentration of potassium (K), calcium
(Ca), iron (Fe) as well as lower concentrations of copper
(Cu), zinc (Zn) and lead (Pb) (Fig. 10 and Fig. 11). The
smaller pieces (Areas 3, 4, 6, 7, 9 and 10) showed the presence of the same elements, with some fluctuations in their
concentrations. Nevertheless, all parts of the leather contain the same elements and for a more accurate characterisation, besides other types of analyses, more spots or larger
areas should be analysed.
During the preparation of leather, an alkali solution,
normally of lime – Ca(OH)2 or CaO, is used to remove
hair and other keratin matter, grease and fat. In a second
step, the skin is thoroughly washed, but traces of calcium
may remain. Furthermore, Ca can be used to prepare the
skin for painting (e.g. as abrasion powder or whitening material) (Forbes 1966, Dirksen 1997, Herfeld 1959, Herfeld

1990, Trommer 2005). One of these steps could explain the
high concentration of Ca found.
Tanning is a process, which makes the leather less water-soluble, more flexible and prevents biological degradation. The leather is soaked in baths of tanning solutions,
which can be prepared from different types of barks (Forbes
1966, Dirksen 1997, Herfeld 1959, Herfeld 1990, Trommer
2005). The traces of Cu found with µ-XRF in the leather
could either be due to the addition of Cu compounds to the
tanning solutions or vessels made of a Cu alloy.
In a final step called tawing, the leather is soaked in a
warm bath of potash alum (KAl(SO4)2·12H2O) or other
aluminium salts solutions, to increase its pliability, stretchability and softness (Forbes 1966, Dirksen 1997, Herfeld
1959, Herfeld 1990, Trommer 2005). This process could
explain the high concentration of K.
The presence of lead (Pb) and iron (Fe) might be due to
a painting preparation layer.

Fig. 11: Corresponding µ-XRF Spectra of the bigger leather pieces: Area 1 (X165), Area 2 (X03), Area 8 (X28) and Area 5 (X102)
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a)
b)
Fig. 12: a) House in Area 8 (spot M136) and b) Frame in Area 9 (spot M17)

Fig. 13: µ-Raman spectra of black spot R21 (Area 8) and reference of carbon black (black)

Fig. 14: Boat (Area 4, spot M9)
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Fig. 15: Umbrella (Area 2, spot M90)
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a)
b)
Fig. 16: a) House (Area 8, spot M113) and b) Frame decoration (Area 8, spot X64)

Fig. 17: µ-Raman spectra of orange spot R40 (Area 5) and references of minium and lead white

Characterisation of the colours
The pigments were identified by means of µ-XRF and
µ-Raman.
Black
Black is present in the drawing and in the frame (Fig. 12
a and b) and carbon black (C) pigment was identified by
µ-Raman spectroscopy (Bell 1997) (Fig. 13).
White
The white pigment has nearly disappeared on the drawing
(Fig. 14). Micro-XRF analyses have clearly shown the
presence of lead (Pb) and µ-Raman analysis confirmed
the presence of lead white [(PbCO3)2·Pb(OH)2] (Bell
1997, Burgio 2001).

Yellow
Two hues of yellow are present on the object and are well
preserved: a darker yellow and a lighter one, booth depicted
in Fig. 15.
Concerning the dark yellow, µ-XRF analysis showed
the presence of lead (Pb), but neither lead white, lead tin
yellow or other lead pigment could be identified by means
of µ-Raman spectroscopy. Regarding the lighter yellow, no
main characteristic element could be found nor could any
interpretable µ-Raman spectrum be obtained. Both yellows
are probably made with organic colorants.
Orange
Orange was used both in the drawing (Fig. 16a) as in the
geometrical decorations of the frame (Fig. 12b and Fig. 16b).
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Fig. 18: Frame decoration (Area 6, spot X62, spot X63)

Fig. 19: Microscopy of a man’s figure (Area 3, spot M3)

Fig. 20: µ-Raman spectrum - pink (area 5), Reference cinnabar, Reference lead white;

The orange hue is very similar throughout the whole painting.
However, in Area 6 the frame decoration is red and will therefore be discussed in the next section, dedicated to this colour.
Lead (Pb) is the main element of the orange colour and
indeed minium (Pb3O4) and traces of lead white could been
identified by µ-Raman spectroscopy (Fig. 17) (Bell et al.
1997, Burgio et al. 2001).
Red
As seen in the former section, the geometrical frame decoration is orange. One exception was made in Area 6,
where the same decoration is red (Fig. 18). Otherwise, red
is present in the frame flowers (Fig. 10b) and throughout
the central painting (examples in Fig. 14 and Fig. 15).
According to µ-XRF analyses, showing mercury (Hg) and
lead (Pb), and µ-Raman spectroscopy, the red colour used
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for the frame flowers and in the central painting is almost
always obtained by a mixture of cinnabar (HgS) with traces of minium (Pb3O4) (Bell et al. 1997, Burgio et al. 2001).
The pigment found in the geometrical decoration on
Area 6 (Fig. 18) is also cinnabar (spot X63) instead of
minium as in the rest of the frame. Micro-Raman analyses confirmed these results (Bell et al. 1997, Burgio et
al. 2001). The darker red line on top of the cinnabar one
(also seen in Fig. 18) contains Fe (spot X62) and is probably red ochre (Fe2O3), although no hematite could be
identified by µ-Raman spectroscopy.
Pink and beige
Pink is mainly used for clothes and walls and beige for
skin colour (Fig. 19). These two colours show high concentration of lead (Pb) by means of µ-XRF and their
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a)
b)
Fig. 21: a) Man (Area 8, spot M160) and b) line in flower frame (Area 8, spot X135)

Fig. 22: µ-XRF spectra of brown spots on the frame flowers X55 (Area 6, flowers) and brown spots on drawing X99 (Area 5) and X79 (Area 2)

µ-Raman spectra indicating clearly the presence of lead
white (Bell et al. 1997, Burgio et al. 2001).
The reddish tonalities might be due to traces of cinnabar, minium or organic colorants. In one µ-Raman
spectrum of pink, traces of cinnabar can be found, but in
general, red or other colorants are present only in trace
amounts and are difficult to identify.
Brown
A significant part of the brown pigment (Fig. 20a) used
in the Formosa hanging contains Pb and Hg as main elements (Fig. 21). µ-Raman spectra from Areas 2 and 3 (left

side of the painting) show mainly the presence from minium (Pb3O4) and of Areas 5 and 8 (right side) of cinnabar
(HgS) (Bell et al. 1997, Burgio et al. 2001), agreeing to the
different concentration of Pb and Hg found. A deeper
study could ascertain the difference between the use of
brawn in the left and right parts of the painting.
Considering the flowers (Fig. 20b), the brown (sometimes yellowish brown) lines contain copper (Cu) except in
Area 6 where there is few zinc (Zn) (spectrum in Fig. 21)
and Area 8 with few iron (Fe) and lead (Pb) which might be
due to ochre and lead white. No µ-Raman spectrum could
be obtained for these brown lines.
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Fig. 23: Tree (Area 8, spot M113)

Green
In the central painting there are two types of green, a darker
and a lighter one (Fig. 23). A light one is also present in the
frame flowers (Fig. 6). High concentrations of Cu and Pb
have been found: the light green contains more Pb than Cu,
probably due to the presence of white lead. Despite the high
concentrations of these elements, no characteristic µ-Raman
spectrum could be obtained for green but in one spot of
Area 5. Here, ultramarine – Na8-10Al6Si6O24S2-4 – was identified (Bell et al. 1997, Burgio et al. 2001), which was possibly
mixed with an organic yellow pigment to obtain the green
colour.
For the green used in the flowers in Area 6, Zn and Fe were
found but no chemical element could be found by µ-XRF in
the green lines of the flowers frame in Area 1 (Fig. 24).

Fig. 24: µ-XRF Spectra of green in the frame flowers X176 (Area 1), X58 (Area 6) and in the central drawing
X14 (Area 2, darker blue) and X143 (Area 8, lighter blue)

Blue
Blue is the colour appearing in the greatest variety of hues:
from the very dark corners, the turquoise frame flowers
(Fig. 6) and different shades of blue in the central painting
(Fig. 8 and Fig. 25).
As in the case of the green pigment, the blue pigment
used for clothes, flags, etc. has a high concentration of Cu
(Fig. 26). One µ-Raman spectrum in Area 5 showed that
the blue is a mix of ultramarine – Na8-10Al6Si6O24S2-4 – and
azurite – 2 CuCO3·Cu(OH)2 (Bell et al. 1997, Burgio et al.
2001) (Fig. 27). Azurite alone was also identified in Area 8
(spot R15) and in Area 5 (spot R39).
Fig. 25: Blue cow (Area 1, spot M51)
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In the blue turquoise frame’s flowers (except on Area 6),
the µ-XRF spectra show a high concentration of Cu and
sometimes arsenic (As) but no µ-Raman spectra could
be obtained. The same blue turquoise in Area 6 is rich in
Zn (spot X54) and it was identified by µ-Raman as
indigo (spot R4) (Burgio 2001), so it might be indigo
mixed with zinc white, although the later was not identified
by µ-Raman.

In the blue corners another blue was yet found: this blue
contains cobalt (Co), nickel (Ni), As and Pb (Fig. 26) but
the experimental conditions have not allowed registering
an interpretable µ-Raman spectrum. It might contain smalt
(CoO·nSiO2), cobalt blue (CoO·Al2O3), or cerulean blue
(CoO·nSnO2), which were manufactured industrially after
around 1500, 1800 and 1860 respectively (Bell et al. 1997,
Burgio et al. 2001, Eastaugh et al. 2004).

Fig. 26: µ-XRF Spectra of blue spots in the central drawing X6 (Area 2), X145 (Area 8, light blue) and from the frame
X139 (Area 8, blue corner), X54 (Area 6, flower) and X44 (Area 8, flower frame)

Fig. 27: µ-Raman spectra of blue spot R45 (Area 5) and references of azurite and lazurite (ultramarine)
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Conclusions
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