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peak bands from the FT-IR instrument, as well
as other organic components, such as oils, used
in painting. From the literary sources organic
materials and oil binders are expressed in the
range of 2942, 2864, 1736, 1685 cm-1. Embedding
resins absorption band is 1727, 1285, 745 cm-1, for
dammar - 1703/1704, 1455, 1382 cm-1°. Dammar
varnish mixed with turpentine was measured with
infrared instrument —it matches our measurements
for 2922/2923 c¢m-1 and 1030/1031 ¢cm-1. Binders
are also animal protein adhesives — gelatin, casein,
egg volk or white etc. The characteristic absorption
bands related to Amide I and II of egg binder
are respectively at 1645 and 1540 cm-1, egg ester
band is at 1742 ¢cm-17 — our results lack of clear
indications for a presence of an egg protein.

Table 2. Portable XRF Titan S1 Bruker — pigments

According to the results from the portable XRF
Titan 51 Bruker the colour palette is composed mainly
of inorganic pigments — Fe, Zn, Al, Ca, Hg, Cu, Cr,
Ni, Mn, Sn, Ba, in different proportions in order to
achieve the desired color and hue. The nuances can
be obtained by mixing the pigments too®.

1. For the black pigment (point 7 on the Virgin
Mary’s clothes) the results collected with the
portable XRF are Ca, Pb, Al. Probably it's charcoal
or another carbon black pigment according to the
literary data, although in our measurement there is
no carbon C. But the reading of the Raman spectra
confirms this practice identifying with more than
75-89 % probability the presence of graphite C (780
nm, 513 nm), 35 % of Idrialite C22H14 (780 nm),
then again Amber (780 nm) with 30 % match.

AI2O3 K20 |CaO [Ti Mn  Fe Ni

Cu Zn As Sn Au Hg Pb

Blue 3

1.2388 10.3430 (5.2230 [0.0344 |0.0050 0.1229 [0.0215 < LOD |0.0050 0.5571 0.0792 |< LOD {0.0293 [7.2559

'Wood 4 (1.8858 [1.7984 10.301 (0.0935 [0.0082 (0.25

< LOD 0.0071 0.0044 0.0033 0.0341 /0.0031 {0.0093 0.0195

Red 5

1.7662 [0.2471 (3.5973 10.0421 {0.0065 (0.1712 0.0653 [< LOD [0.0543 (1.2822 0.1585 [0.0127 3.8468 (17.9064

Green 6 0.8601 (0.3206 [2.5316 [2.988

0.0195 0.1718 |5.131

5.131 [<LOD 2.5695 [<LOD 0.0046 [0.1693 [2.3172

Black 7

1.0299 10.3881 16.2339 [0.0843 |0.0108 0.1863 [< LOD 0.0121 0.0028 0.2299 |< LOD [0.0061 0.0716 [2.5502

'Wood 8

2.1638 [0.5401 6.4866 [0.0486 (0.0101 0.1368 |< LOD 0.0029 [0.0044 0.0031 [< LOD < LOD [< LOD [0.0385

Hand 9 |1.684

0.1705 2.537510.0522 [0.0081 (0.1486 [0.2313 0.1463 [0.0795 4.3441 [0.1927 < LOD (0.9808 |68.9147

*For 5 and 9 the portable XRF detected Cr —0.0142 1 0.0157 %, and for 9 only Co —0.0051 %.

2. The Amber is expressed as well in the
Raman band of the blue pigment (point 3, upper
part of the icon). The most common elements,
detected by the portable XRF, are Pb, Ca, Al Iron
and copper are not in quantities supposing a
Prussian blue or a copper mineral such as azurite,
Egyptian blue. Traces of cobalt are found only in
the colour of the hand (point 9). Although sodium
is not reflected in the result, it can be assumed
that a pigment based on lazurite or Persian blue,
ultramarine [(Na, Ca) 8 (AlISiO4) 6 (SO4.5, Cl) 2
was used. Lapis lazuli is a very expensive, rare
mineral found in 3 natural forms —hauyne (Na, Ca)
Al65i6024 (SO4) 1-2, sodaliteNa8 (A165i6024) CI2

and noselite Na8Al65i6024 (S04)], with impurities
such as calcite (CaCO3)°. A synthetic ultramarine
also became widely available for artists since it's
invention in 19" ¢. Another possibility is indigo
C16H10N20O?2, woad and this one seems to be
confirmed by the Raman spectrometry with 1616 s
and 1463 m cm-1 peaks. The presence of lead can be
explained by an impurity or by the application of
lead white 2PbCO3 - Pb (OH) 2 under the painted
layer also confirmed by the Raman measurement
with a characteristic peak — 1052 cm-1.

3. Portable XRF finds in the Red pigment
(point 5) elements like Pb, Hg, Ca, Al, As, Au.

¢ Prati, Volpi, Fontana, Galletti, Giorgini, Mazzeo, Mazzocchetti, Samori, Scuitto, Tagliavini 2018: 8, fig. 4.
7 Prati, Volpi, Fontana, Galletti, Giorgini, Mazzeo, Mazzocchetti, Samori, Scuitto, Tagliavini 2018: 9.

8 Mekaj, Civici 2019: 222-229.

® Tauson, Goettlinger, Sapoznikov, Mangold, Lustenberg 2012: 133.
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The presence of more lead and less mercury
is probably achieved with cinnabar HgS and a
lead pigment like minium PbS04, perhaps mixed,
because the cinnabar is the most expensive red
pigment. Another interpretation is that the lead
comes from lead white pigment or yellow lead
chromate. Chromium is found only in this area and
point 9 — the hand of the Virgin Mary. The presence
of arsenic also may suggest realgar As454, although
this mineral is so unstable that cinnabar has been
more preferred since the Middle Ages™. The Raman
library finds the 78 % match with Metacinnabar
(785 nm), 74 % Cinnabar, Cobaltite (780 nm).

4. The XRF for the Green (point 6)
demonstrates equal values of Cu, Ni, followed
by Ti, As, Ca, Pb. The pigment is based on copper
and we would consider a more common green or
blue pigment such as malachite Cu2CO3 (OH) 2,
azurite Cu 3 (CO 3) 2 (OH) 2 if the results were
not so complex. Due to the arsenic As or titanium
Ti, the suggestions can be extended to the copper
arsenite CuHAsO3, olivine, Cu2 (As04) OH? as
well as the nickel-antimony titanium yellow rutile
or titanium yellow NiO - Sb 2 O 3 - 20 TiO 2. The
Raman results are similar to those, obtained for
the black pigment.
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5. The colour of the hand (point 9) contains
nearly 70 % Pb. The highest amount of As was
also measured by a portable XRF. The amount of
Ca is similar to the green, of Al too. Chromium,
available only in samples 5 and 9, in addition to
lead white, may indicate the presence of yellow
lead chromate PbCrO4, and arsenic — the common
yellow pigment orpiment As253.

The questions of the researcher from the
Regional Historical Museum of Shumen were
motivated partly by dating issues. She supposes an
carlier date of the icon, but it cannot be confirmed if
the coating is made from dammar resin or a yellow
lead chromate and a Prussian blue are used in the
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earlier than 19* ¢. and moreover in its second half.
And if in this case the stylistic observations and the
epigraphic data seem to be enough for orientation
in the time frame, there are difficult cases for which
the analyses could be decisive or very helpful.

Thus, the instrumental techniques combined
with microscopic study can be used not only
for analysing the pigments, binders, primers
and coating, but also for dating purposes, for
authentification or to distinguish the conservation
and restoration interventions.

and Conservation Treatments. — Heritage Science
volume 5, 12.

Konstantas, Karapanagiotis, Boyaizis 2021:
Konstantas, Alexander, Karapanagiotis, loannis,
Boyatzis, Stamatis C. Identification of Colourants
and Varnishes in a 14" Century Decorated Wood-
Carved Door of the Dionysiou Monastery in
Mount Athos. — Coatings 2021, 11, 1087, 1-12.

Mafredas 2017: Mafredas, Thomas: The Colour
Palette in the Byzantine Icons. (LAB COURSE

Prussian blue, expressed by two basic chemical formulas, KFe [Fe (CN) 6] and Fe4 [Fe [CN6] 3, was invented in
1704, has been produced and used since 1724. Yellow pigments containing lead chromate (VI) PbCrO4 or lead chro-
mate sulphate PbCrO4.xPbSO4 in nature are associated with the rare mineral crocoite PbCrO4, identified in 1766,
synthesized in 1804 and used mainly from the second half of the 19" century. Recipes for green as an admixture of
yellow lead chromate or Parisian yellow with Prussian blue, sometimes mixed with BaSO4 barite and CaS04.2H20

gypsum, appeared in 1869.

Attempts to reduce lead paints began in the 19" century, and lead white was largely replaced by the less toxic tita-

nium or zinc white pigment.

Dammar resin has been extensively used for the production of painting varnish since the 19* c. Mastic resin is in

use since ancient times.
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