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1 Introduction
It is probable that the use of copper as a substrate for 
paintings originated in Italy and then was spread all over 
the Europe, reaching its maximum at the beginning of the 
17th century; the key for its success was the durability and 
the easy way in which small copper paintings could be 
transported (Hill Stoner & Rushfield, 2012).

Switching to the use of copper plates for printing, cop-
per engraving was the most popular method of printing 
antique prints from 1600 to 1850.

Copperplate engraving is an intaglio printing 
technique, in which the lines of the drawing are carved 
in the copper plate with a tool called “burin”. Then, the 
ink is put inside the grooves and the image is printed un-
der high pressure, using rollers of a printing press (Hind, 
1963). Among all metals used in the past, copper tends 
to have a very wide range of minor and trace elements. 
Typically, these can include lead (Pb), silver (Ag), arsenic 
(As), antimony (Sb), bismuth (Bi), nickel (Ni) and cobalt 
(Co), and their combined total can sometimes amounts 
to several percents by weight in the metal. Arsenic with 
Sb and Ni is often found in very early copper artifacts 
or in medieval and post-medieval European metalwork. 
Nickel occurs as a substantial trace in medieval and post- 
medieval copper (Cu, < 0,1% in the thirteenth century, 
0,5% in the sixteenth-seventeenth century and lower 
percentage from 1700) (Craddock, 2009).

 
 For several years, projects have been carried out to 
study the composition of paintings on copper, but they 
mainly focused on pigments (Pitarch et al., 2014).

In 2004, an exhibition at the National Institute for 
Graphics in Rome showed engraved copperplates from 
the 16th to the 20th century, which were analyzed with 
radiography and other techniques, but the main aim was 
their preservation and restoration rather than their chrono-
logical attribution.

It is not possible to define a direct dating method 
of a copper plate based on the chemical composition of 
the type of Cu alloy. However, this study aims at testing 
whether there are some characteristic elements, amounts 
or elemental ratios in the Cu alloy that can help in combi-
nation with other criteria to reach a reliable chronological 
result through comparison with appropriate references. 

The first part of this work consisted in micro-X-ray 
fluorescence (µ-XRF) analyses of paintings that show a 
copper substrate; they belong to the collection of the Ge-
mäldegalerie in Berlin and can be dated between the very 
beginning until the mid-17th century.

The second part of the work concerned the study of 
printing copper plates, dated from the 18th to the 19th 
century and hosted in the Kupferstichkabinett in Berlin.

Eventually, the results were compared with data  
acquired on a specific copperplate presenting a famous 

Search for chronological chemical markers of the  
copper alloy of paintings on copper and copperplates 
used for prints 
Roberta Giuliani1,2,	Sabine	Schwerdtfeger2, Georg Josef Dietz3,	Michael	Ladenburger4,  
Ina Reiche2

1 University of Bologna, Ravenna, Italy 
2	Rathgen-Forschungslabor,	Staatliche	Museen	zu	Berlin-Stiftung	Preußischer	Kulturbesitz 
3	Kupferstichkabinett,	Staatliche	Museen	zu	Berlin-Stiftung	Preußischer	Kulturbesitz 
4 Beethoven-Haus, Bonn

Abstract
Copper	plates	have	been	used	both	as	a	support	for	paintings	and	for	engravings	to	make	prints	since	
the	fifteenth	century.	Non-destructive	quantitative	micro-x-ray	fluorescence	analyses	(µ-XRF)	were	car-
ried	out	to	acquire	information	about	the	chemical	composition	of	paintings	substrates	and	copperpla-
tes	for	prints.	The	study	aims	at	testing	if	it	is	possible	to	define	a	chronological	criterion	based	on	the	
copper	composition	of	the	plates.	In	addition,	digital	microscope	images	were	acquired	in	the	case	of	
engraved	copper	plates	in	order	to	evidence	details	of	the	artistic	engraving	technique.
The	presence	of	specific	alloy	elements	together	with	detailed	information	by	means	of	digital	micros-
cope	observation	allowed	us	proposing	a	dating	for	a	copper	plate	with	a	famous	Beethoven	portrait	
kept	in	the	Beethoven-Haus	in	Bonn	and	thus	confirming	that	it	is	likely	the	original	printing	plate.

GIULIANI et al.  		Copper	alloy	of	paintings	on	copper	and	copperplates
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Fig. 1: Picture of the copperplate with the Beethoven portrait cura-
ted in the Beethoven Haus, Bonn

Fig. 2: Picture of the copperplate ”Büste Apollos, Charakterkopf” 
by W. Tischbein (lab no. KK2), Kupferstichkabinett Berlin, Staatli-
che Museen zu Berlin 

GIULIANI et al.  		Copper	alloy	of	paintings	on	copper	and	copperplates

portrait by Ludwig van Beethoven. The Beethoven cop-
perplate (Fig.1) belongs to the Beethoven-Haus in Bonn, 
whose mission is to show how the famous composer lived 
and worked through the collection of music manuscripts, 
letters, sheet music (mainly also printed from copper pla-
tes) and pictures.

The copperplate was made by the engraver Blasius 
Höfel and published by Artaria in Vienna in 1814. The-
re are many copies of it and Beethoven liked to send the 
portrait to his friends. Several of these copiess are signed 
and dated, but this one is a plate made by someone for 
an newly engraved reprint of Höfel’s portrait edited by 
Beethoven’s former colleague Nikolaus Simrock. Sim-
rock was a musician and from 1793 a music publisher 
in Bonn. He received one copy of Artaria’s print with an 

autograph inscription of the composer in October 1816 
(Beethoven-Haus Bonn, H.C. Bodmer Collection, HCB 
BBi 11/28). The plate has an unclear dating. This study is 
intended to clarify whether it is the original copperplate 
for Simrock’s print or a later copy.

2 Objects under study
Nine 17th century paintings on copper of the Gemälde-
galerie were studied. The subjects depicted are mainly 
religious. Title, artist and dating (when known) of the 
paintings are shown in Table 1.  

Twenty-three printing copper plates of the Kupfer-
stichkabinett and the one depicting the Beethoven portrait 
were studied (Table 2). 

Fig.  3: Picture of the backside of the copperplate “Kopf eines Jagd-
hundes” by W. Tischbein (lab no. KK7), Kupferstichkabinett Berlin, 
Staatliche Museen zu Berlin

Fig.  4: Picture of the backside of the copperplate with a map by 
Kuhbeil (lab no. KK17), Kupferstichkabinett Berlin, Staatliche 
Museen zu Berlin
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Tab.1: Inventory number, title, artist and date (when known) of the paintings of the Gemäldegalerie, Staatliche Museen zu Berlin on copper

Some of the relevant copperplates are described in 
the following: copperplate KK2 (Fig. 2) is dated between 
1791 and 1796. The backside of the plate KK7 (Fig. 3) 
shows a previous engraving, representing a bishop; some 
words in Latin are recognizable as well. Copperplates 
KK9 and KK10, representing Friedrich II and his mother, 
the queen Sophie Dorothea, were carved by Eichens and 

are dated to 1846 and 1844 respectively; they show the 
stamp “Otto in Berlin” on the backside. The verso of the 
plate KK15 shows another engraving, but the subject is 
not well recognizable. On the backside of the Plate KK17, 
a map is engraved and it is dated to 1786 (Fig. 4). The 
plate KK12 shows the stamp “W. Otto Kön. Hof-Kupfer-
schm.mstr Niederwall Str. 13 Berlin”.

Inv. no. Title Artist Dating

1027 Damenbildnis ? 1660

1941 Landschaft	mit	Christus,	der	Samariterin	und	den	Jüngern König,	J. 1620?

1843 Das	Dankopfer	Noahs König,	J. 1620/1630

664 C Landschaft	mit	Johannes	dem	Täufer König,	J. 1610?

2039 Die Heilige Familie mit dem Johannesknaben und Engeln Elsheimer 1599

664 Hausaltärchen	mit	6	Szenen	aus	dem	Leben	Mariae Elsheimer 1597/1598

664	A Landschaft	mit	badender	Nymphe Elsheimer? 1605?

690 Allegorie	der	Künste Rottenhammer ?

1694 Christus	am	Kreuz Matthias	Grünewald? 1601/1650

Tab.2: Laboratory number, title, artist and date (when known) of the copperplates studied of the Kupferstichkabinett, Staatliche Museen zu 
Berlin and of the Beethoven-Haus, Bonn

Lab No. Title Artist Dating

KK1 Büste	Apollos	Charakterkopf. Tischbein, W. 1791-1796

KK2 Michelangelo,	Charakterkopf. Tischbein, W. 1791-1796

KK3 Die	Büste	Jupiters Tischbein, W. 1791-1796

KK4 Zwei	Sauköpfe Tischbein, W. 1791-1796

KK5 Der	Hasenkopf Tischbein, W. 1791-1796

KK6 Der	Kopf	eines	Bullenbeissers Tischbein, W. 1791-1796

KK7 Kopf	eines	Jagdhundes Tischbein, W. ?

KK8 Kopf	eines	Adlers Tischbein, W. 1791-1796

KK9 Friedrich II Eichens 1846

KK10 Königin	Sophie	Dorothea Eichens 1844

KK11 Die	Jagd	nach	dem	Glück Eichens ?

KK12 Große	Ansicht	der	Gerichtslaube Graeb 1867

KK13 Louise	Ulrike,	Königin	von	Schweden Hoffmann,	A. ?

KK14 Leopold	von	Anhalt	Dessau	mit	Schrift Hoffmann,	A. ?

KK15 Betender	Engel	nach	S.	Clemente	Masaccio,	Rom Kuhbeil ?

KK16 Maria,	n.	Buffalmacco	und	Pilgergruppe Kuhbeil 1812

KK17 Engel	u.	Heilige	+	map Kuhbeil 1786/1812

KK18 Vermählung Kuhbeil 1812

KK19 Velletri Kuhbeil ?

KK20 Subiaco Kuhbeil ?

KK21 Friedrich	Ulrich	Ludwig	Wolf Albrecht	Wolf	filius	sculp.	Berlin After	1832

KK22 Greis	bei	mathematischen	Studien,	Halbfigur Albrecht	Wolf	filius	sculp.	Berlin 1833

KK23 Christus	als	Knabe	mit	drei	Schriftgelehrten Woysch,	A. 1833

Beethoven Beethoven	portrait Höfel ?
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3 Methods
The investigations needed to be performed in a non-in-
vasive way. Therefore, digital microscopy was combined 
with µ-XRF. 

3.1 Digital microscope
The digital microscope Keyence VHX-500 FD was used 
to acquire microscopic images of the copper plates. Seve-
ral magnifications of 5x, 10x, 20x and 30x were used to 
observe specific features of the copper plates.

3.2 Micro-X-ray fluorescence
Micro-XRF analyses were performed on the painting sup-
port and the copperplates. The portable ARTAX µ-XRF 
spectrometer was used (Fig.5). The system can identify 
elements in the range between Na (11) and U (92) and 
reaches a spatial resolution of about 100 µm. The detector 
was a Silicon Drift Detector. The parameters chosen for 
the analyses were a current of 300 µA, a voltage of 50 kV 
and a Life-Time of 100 s; a 25µm molybdenum filter was 
used. Analyses were carried out without helium purge.

The penetration depth of the used X-rays is in the or-
der of 50 µm. Thus, analyses of the backside of the pain-
tings allowed the assessment of the chemical composition 
of the copper support without any contribution of the pig-
ments. Between two to eleven measurements were perfor-
med to obtain reliable average chemical compositions of 
the copper alloy. Measurement spots in scratches with the 
blank metal were preferentially chosen for the analyses.

In the case of the copperplates, points to be analy-
sed were chosen both on the front and on the backside of 
them, trying to avoid corroded area. 

3.3  Quantification
The acquired data were processed with two softwares 

for the element quantification, namely MQuant and Py-
MCA (Solé et al. 2007). One parts of this project was the 
comparison between the two softwares used to quantify 
the alloy elements; it supports the reliability of the quan-
titation procedure. Furthermore, metal references were 
measured under the same experimental conditions so 
that the reliability of the results can be further evaluated.

PyMCA software was used for quantification of the 
µ-XRF data. This software is based on a fundamental 
parameter (FP) method to convert elemental peak inten-
sities to elemental concentrations. We selected the X-ray 
tube parameters and took in account all the possible fac-
tors affecting the analysis.

Another quantification procedure (MQuant) routi-
nely used at the RRL was applied for comparison. The 
quantitative data of references obtained with the MQuant 
analysis routine are shown in table 3.

The comparison of the quantitative data of the re-
ferences (BNF C50_01 und C71_31) with the certified 
values shows a good agreement of all values but of lead 
(Pb). The Pb concentration is far below the expected 
values. Therefore, the experimental data for this element 
are likely too low. However, the Pb content is generally 
low so that this fact does not influence significantly the 
other determined values. When comparing the quanti-
tative data with those obtained with other methods, one 
should be careful.

4 Results
4.1  Chemical composition of the 17th century  
 copper painting support 
The results of the µ-XRF analyses on paintings are 
summarized in table 4. There were obtained with the 
MQuant routine. It can be stated that the support is com-
posed of pure Cu, with small traces of Pb, Fe and Ni. 
One exception presents the copper support of the right 
wing of the Elsheimer family altar (Inv no. 664) with a 
high Fe and Zn content (The Zn content not shown in the 
table reaches up to 1 wt.% on some areas of the right and 
the left wing). It is supposed to be a local impurity. It is 
also noteworthy that the left and right wing supports of 
the altar do not contain any Ni in contrast to the middle 
part and the pedrella. The composition of the later cor-
responds very well to the other studied copper supports, 
except a slightly lower Pb content of 0.3 wt.%.

Further exceptions are the copper support of inv. no. 
1027. Ca. 0.7 wt.% of Ni are found and in the panel no. 
2039 even ca. 0.9 wt.% of Ni, whereas all other copper 
supports contain about 0.4 wt.% of Ni. 

GIULIANI et al. 			Copper	alloy	of	paintings	on	copper	and	copperplates

Fig. 5: Micro-XRF analysis of the Beethoven copperplate with the 
ARTAX instrument.
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Tab. 4: Results of µ-XRF analyses on the painting substrate, obtained with the MQuant  

Inv. no. Identified elements 
Results in wt.%

Cu Pb Fe Ni

664 C
10_15 

1)	Cu							(Fe),	Ni,	Pb

2)	Cu							(Fe),	Ni,	Pb	 	

99,34 0,15 0,03 0,48

0,20 0,33 0,45

1941 1)	Cu									Pb,	Ni

2) same elements 

99,17 0,42 0,02 0,39

 98,86 0,63 0,13 0,37

1843 1)	Cu,	Pb,	Fe,	Ni

2) same elements

99,10 0,43 0,02 0,45

99,21 0,32 0,03 0,44

690 1)	Cu										Pb,	Ni,	Fe

2)	Cu										Pb,	Ni,	Fe	

99,34 0,21 0,03 0,43

99,25 0,29 0,03 0,43

1027 1)	Cu,						Pb,	Ni,	(Fe)

2)	Cu,							Pb,	Ni,	(Fe),	(Ca)	

98,80 0,45 0,04 0,70

98,99 0,33 0,02 0,66

664 1) Cu,      Pb, Fe

2) Cu       Pb, Fe, (Ca)

3) Cu        Pb, Fe

4) Cu        Pb, Fe

5)	Cu								Pb,	Ni,	Fe

6)	Cu								Pb,	Ni,	Fe

7)	Cu								Pb,	Ni,	Fe

80,67 0,51 17,78 -

98,56 0,30 1,13 -

99,81 0,15 0,04 -

99,23 0,75 0,02

99,27 0,27 0,05 0,42

99,07 0,46 0,05 0,42

99,13 0,42 0,05 0,39

1694 1)	Cu						Pb,	Ni,	(Fe)

2)	Cu							Pb,	Ni,	Fe	

3)	Cu,						Pb,	Ni,	(Fe)

99,36 0,22 0,02 0,40

99,04 0,54 0,03 0,39

99,38 0,18 0,03 0,42

664	A 1)	Cu								Ni,	Fe

2)	Cu									Ni,	Fe

3)	Cu										Ni,	Fe

99,58 0,02 0,04 0,35

99,56 0,04 0,05 0,35

99,57 0,02 0,06 0,34

2039 1)	Cu								Pb,	Ni,	Fe

2)	Cu									Pb,	Ni,	Fe

3)	Cu									Pb,	Ni,	Fe

4)	Cu										Pb,	Ni,	Fe

98,62 0,34 0,03 1,01

98,56 0,38 0,21 0,85

98,44 0,49 0,03 1,03

98,54 0,70 0,03 0,73

Tab. 3: Quantitative analyses of references measured under the same conditions

(results are indicated in wt. %, - under the limit of detection), MQuant routine.

References Cu Pb Fe Ni Zn As Sn Sb

C50_01, measured value 81,61 6,57 0,31 1,85 0,29 0,23 9,14 -

C50_01,	certified	value	 - 11,30 0,27 1,40 0,45 0,17 9,40 - 

 -        

C71_31, measured value 85,62 3,74 0,11 2,36 4,05 0,31 3,68 0,14

C71_31,	certified	value - 5,90 0,08 2,10 3,90 0,30 4,60 0,31

 -  -  -  - - - -  -

Cu,	Good	Fellow,	99,9% 99,99  - 0,01 - - - -  -
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Tab. 5: Results of µ-XRF analyses of the 24 copperplates with the MQuant routine, - under the limit of detection.

Lab. no. Identified elements 
 

Results / in wt.%

Cu Pb Fe Ni As Bi

KK2	recto

verso

1)	Cu,	Pb,	As,	Bi,	
2)	Cu,	Pb,	As,	Bi
3)	Cu,	Pb,	As,	Bi
1)	Cu,	Pb,	As,	Bi,	Fe

99,52 0,10 - - 0,38 -

99,33 0,17 - - 0,45 0,05

99,54 0,07 0,01 - 0,38 -

99,48 0,09 0,03 - 0,37 0,03

KK7	recto

verso

1)	Cu,	Pb,	Ni,	As
1)	Cu,	Pb,	As
2)	Cu,	Pb,	As
3)	Cu,	Pb,	As

99,36 0,34 - - - -

99,68 0,25 - - 0,07 -

99,69 0,25 - - 0,06 -

99,44 0,45 - - 0,11 -

KK9	recto
verso

1)	Cu,	Pb,	Ni
 1) Cu, Pb, Fe
2)	Cu,	Ni,	Fe

99,68 0,03 - 0,30 - -

99,93 0,03 0,04 - - -

99,66 - 0,05 0,29 - -

KK10	recto

verso

1)	Cu,	Pb,	Ni
2)	Cu,	Pb,	Ni
1)	Cu,	Ni

99,59 0,04 - 0,37 - -

99,59 0,03 - 0,37 - -

99,61 - - 0,39 - -

KK12	recto

verso

1)	Cu,	Ni
2)	Cu,	Ni
3)	Cu,	Ni
1)	Cu,	Ni,	Fe

99,59 - - 0,41 - -

99,58 - - 0,42 - -

99,60 - - 0,40 - -

99,57 - 0,03 0,40 - -

KK15	recto

verso 

1)	Cu,	Ni,	Fe,	As
2)	Cu,	Ni,	Fe,	As
1)	Cu,	Pb,	Ni,	As

98,71 - 0,02 0,53 0,74 -

98,67 - 0,01 0,51 0,81 -

98,73 0,12 - 0,56 0,58 -

KK16	recto

verso 

1)	Cu,	Ni
2)	Cu,	Ni
1)	Cu,	Ni	

99,66 - - 0,34 - -

99,65 - - 0,35 - -

99,7 - - 0,3 - -

KK17	recto 1)	Cu,	Pb,	Ni
2)	Cu,	Pb,	Ni
3)	Cu,	Pb,	Ni,	As

99,14 0,24 - 0,62 - -

99,07 0,28 - 0,65 - -

98,93 0,30 - 0,63 0,13 -

KK19	recto	 1)	Cu,	Pb,	Ni
2)	Cu,	Pb,	Ni
3)	Cu,	Pb,	Ni

99,49 0,17 - 0,33 - -

99,43 0,23 - 0,34 - -

99,40 0,26 - 0,34 - -

KK23	recto 1)	Cu,	Pb,	Ni
2)	Cu,	Pb,	Ni
3)	Cu,	Pb,	Ni

99,63 0,06 - 0,31 - -

99,63 0,02 - 0,31 0,04 -

99,65 - - 0,32 0,04 -

Beethoven 
portrait	
recto
verso

1)	Cu,	Pb,	Fe,	Ni
2)	Cu,	Pb,	Fe,	Ni
3)	Cu,	Pb,	Fe,	Ni
1)	Cu,	Pb,	Fe,	Ni
2)	Cu,	Pb,	Fe,	Ni
3)	Cu,	Pb,	Fe,	Ni

99,39 0,24 0,02 0,35 - -

99,44 0,20 0,02 0,34 - -

99,36 0,27 0,02 0,34 - -

99,53 0,10 0,02 0,35 - -

99,52 0,11 0,02 0,36 - -

99,52 0,11 0,02 0,35 - -
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4.2  Chemical composition of the copperplates from   
 the Kupferstichkabinett 
The results of the analyses of the 24 copper plates are 
shown in table 5 and table 6. In addition, Cu, Pb, Ni, As, 
Fe and in a few cases Bi were detected. 

Characteristic differences in the secondary element 
composition can be identified, although all copperplates 
are composed of very pure Cu with a Cu content in the 
range of 99 wt.%. Some selected results are discussed 
here more in detail. Two copper plates (KK2 and KK7) 
were carved by the same artist; pictures acquired with 
the digital microscope allowed to understand that the 
same engraving technique was used to obtain the two 
engravings (Fig.6). The plate KK7 shows both a high 

amount of Pb (Fig.7). On the contrary, a low amount of 
Pb was identified for the copperplates KK9 and KK10. 
Features of the copper plates KK9 and KK10 observed 
under the digital microscope leave no doubts about the 
similarity of the two engravings and they also show a 
similar composition, which tends to show that the artist 
used very similar copper plates.

In the copper plate KK15, made by Kuhbeil, a high 
content of As was detected.

Copper plate KK17 is characterised by an high 
amount of Ni (about 0.6 wt.%).

In plate KK19 (and KK20) Ni and Pb were detected, 
but their amount is lower than in plate KK17.

Fig. 6: Microscopic images of the copperplates KK2 (left) and KK7 (right)

GIULIANI et al.  		Copper	alloy	of	paintings	on	copper	and	copperplates

Fig. 7: µ-XRF spectrum (left) and elemental histograms of the copperplate KK7 (right)
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Tab. 6: Average µ-XRF results obtained with PyMca routine (recto and verso) in wt%; - under detection limit.

Lab No. Cu Pb Fe Ni As Bi

KK1	recto 99,16 0,45 0,02 0,30 0,07 -

KK1	verso 99,10 0,48 0,05 0,30 0,07 -

KK2	recto 99,20 0,12 0,02 0,27 0,40 -

KK2	verso 99,24 0,09 0,03 0,26 0,37 -

KK3	recto 99,28 0,23 0,02 0,30 0,17 -

KK3	verso 99,19 0,27 0,04 0,29 0,21 -

KK4	recto 99,48 0,09 0,02 0,28 0,13 -

KK4	verso 99,30 0,20 0,02 0,28 0,20 -

KK5	recto 99,40 0,11 0,02 0,27 0,21 -

KK5	verso 99,44 0,09 0,02 0,27 0,19 -

KK6	recto 98,93 0,34 0,02 0,29 0,28 0,15

KK6	verso 99,24 0,18 0,04 0,28 0,19 0,06

KK7	recto 99,36 0,27 0,02 0,28 0,08 -

KK7	verso 99,30 0,32 0,03 0,28 0,08 -

KK8	recto 99,37 0,12 0,02 0,29 0,15 0,05

KK8	verso 98,99 0,28 0,04 0,28 0,25 0,16

KK9	recto 99,66 0,02 0,01 0,29 0,00 -

KK9	verso 99,63 0,02 0,05 0,29 0,00 -

KK10	recto 99,57 0,02 0,02 0,37 0,02 -

KK10	verso 99,50 0,02 0,10 0,38 0,00 -

KK11	recto 85,16 0,03 14,50 0,32 0 -

KK11	verso 93,63 0,02 5,98 0,37 0 -

KK12	recto 99,54 0,03 0,02 0,41 0 -

KK12	verso 99,53 0,03 0,03 0,41 0 -

KK13	recto 99,50 0,02 0,02 0,46 0,01 -

KK13	verso 99,39 0,02 0,16 0,43 0,00 -

KK14	recto 99,37 0,21 0,02 0,34 0,05 -

KK14	verso 99,44 0,15 0,05 0,34 0,03 -

KK15	recto 98,62 0,07 0,02 0,53 0,76 -

KK15	verso 98,81 0,08 0,02 0,58 0,51 -

KK16	recto 99,62 0,02 0,02 0,34 0,00 -

KK16	verso 99,61 0,02 0,02 0,35 0,00 -

KK17	recto 99,01 0,23 0,02 0,63 0,11 -

KK17	verso 98,33 0,75 0,01 0,64 0,28 -

KK18	recto 99,60 0,02 0,03 0,35 0,00 -

KK18	verso 99,56 0,03 0,06 0,35 0,00 -

KK19	recto 99,39 0,16 0,02 0,34 0,10 -

KK19	verso 99,28 0,22 0,06 0,33 0,11 -

KK20	recto 99,39 0,16 0,02 0,36 0,07 -

KK20	verso 99,27 0,25 0,02 0,35 0,12 -

KK21	recto 99,57 0,02 0,02 0,27 0,12 -

KK21	verso 99,58 0,02 0,03 0,26 0,11 -

KK22	recto 99,60 0,02 0,02 0,31 0,05 -

KK22	verso 99,61 0,03 0,02 0,31 0,04 -

KK23	recto 99,56 0,05 0,04 0,32 0,04 -

KK23	verso 99,60 0,02 0,02 0,32 0,04 -
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4.3 Chemical composition and microscopic  
 observations of the copperplate with the  
 Beethoven portrait 
The Beethoven copperplate is mainly composed of Cu 
with Pb, Ni and Fe as secondary elements (table 5). Di-
gital microscopy allowed to see the sign “Bonn chez N. 
Simrock”, not visible with the naked eye on the Beetho-
ven copperplate verso (Fig. 8).

5 Discussion and conclusion
The study of the copper support of 17th century pain-

tings from the Gemäldegalerie and of 19th century cop-
perplates from the Kupferstichkabinett showed that very 
fine copper was used with a Cu content varying only a 
little around 99 wt.%. Several minor and trace elements 
could be identified, namely Pb, Ni and Fe for the painting 
supports and Pb, Ni, As, Fe and in few cases Bi for the 
printing copperplates.  

They can vary in their content and can give indica-
tions in combination with other criteria for differentia-
ting copperplates of different origin or dating. As an ex-
ample it could be shown that the wings of the Elsheimer 
family altar (Inv no. 664) were painted on a different 
support as the main part and the pedrella indicated by a 
locally higher Fe and Zn contents. The composition of 
the main part of the Elsheimer family altar (Inv no. 664) 
is closer to the composition found for the supports of the 
other mid-17th century paintings. 

The copperplates used for printing, also made of 
very fine Cu with Cu content above 99.4 wt%, showed a 
larger variety of minor and trace elements than the pain-
ting supports. Namely As and Bi could also be detected. 
In general, it can be noticed that the quantity of Pb is 
higher on the front side (recto), where the ink was pou-
red, than on the backside (verso).

The presence of Bi in plate KK2 (and in other three 
plates by W. Tischbein) and its absence in plate KK7, to-
gether with the higher content of Pb in the last one, con-
firms that it likely corresponds to an older plate reused, as 
presumable by the subject on its backside. 

Besides, the thickness of plate KK7 (1 mm) is thicker 
than that of the other Tischbein’s plates with animal en-
gravings.

The high amount of As present in the copper plate 
KK15 by Kuhbeil, together with the carving on its backsi-
de, witnesses that this is an older plate, which was reused 
from the artist. Kuhbeil also reused an older plate in the 
case of KK17, where the map on the backside can be da-
ted to 1786.

Only Ni was found in addition to Cu in the plate KK16 
(and in plate KK18 as well). With the knowledge that 
Kuhbeil made the series of 57 etchings after early Floren-
tine masters in Berlin between 1812 and 1814, it can be 
assumed that the other trace elements than Ni, which are 
present in plates KK15 and KK17, are clues of a different 
dating (it is likely to be a previous one).

Regarding the undated Beethoven copperplate, the 
Cu, Pb and Ni contents present are similar to the valu-
es of KK19 and KK20 of Kuhbeil. It is known that Carl 
Kuhbeil went to Italy in 1799; thus, the engravings, which 
represent Italian landscapes, should be dated after 1799. 

The inscription visible under the digital microsco-
pe indicates that this portrait was used for a Beethoven 
portrait published by Nikolaus Simrock. This could have 
been a separate print published within a few years after 
1814. From biographical facts it seems likely that it was 
made shortly after 1816 because the son of Nicolaus Sim-
rock, Peter Joseph, visited Beethoven in September 1816 
and took the dedication copy of the Höfel portrait to Bonn 
and presented it to his father. Simrock’s newly engraved 
reprint of this portrait was also used as frontispiece of an 
edition of the third version of “Fidelio”, the only opera 
by Ludwig van Beethoven. This edition was published 
by Simrock in 1847 (one copy is in then the Bayerische 
Staatsbibliothek München) 

If we consider that Kuhbeil died in 1823, the dating of 
KK19 and KK20 would agree with a dating of a separate 
published portrait in the years 1816 to ca. 1820.

Thus, it is possible to conclude that the Kuhbeil cop-
perplates KK19, KK20 as well as the one with the Beetho-
ven portrait were made just before 1814-1815. It is there-
fore very likely that the copperplate with the Beethoven 
portrait is the original plate used for prints.

These first results are encouraging to pursue this type 
of investigation. Although no direct dating criterion can 
be based on the chemical composition of the copper alloy 
of the support and the plates, the minor and trace element 
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Fig. 8: Microscopic image of the backside of the Beethoven copper-
plate (magnification 5x)
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contents can be used as comparative markers for chro-
nological issues when appropriate contextual references 
are available. Our study showed the interest of analysing 
further dated and attributed objects to provide a more 
comprehensive database for engravings and paintings on 
copper supports.
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