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Within the scope of the study of the painting Vista de
Lishoa com a chegada de Filipe I de Portugal [View of
Lisbon with the arrival of King Philip Il of Portugall,
which belongs to the collections of Weilburg Castle in
Germany, the challenge was issued to the HERCULES
Laboratory at the University of Evora to participate in a
technical and material investigation that would answer
several questions of Art History relating to the origin
and dating of this work. The challenge was enormous,
as were the study's limitations, with analysis having to
be carried out using exclusively non-invasive imaging
techniques and spot analysis. The technical and analyt-
ical study of paintings necessarily involves multidiscipli-
nary teams composed of specialists in areas as distinct
as art history, conservation sciences, physical sciences
and imaging, with a painstaking initial analysis of each
project undertaken to establish deadlines and determine
the human and analytical resources available and the
research objectives (CANDEIAS, 2013; VALADAS, 2016).

From the methodological point of view, the study
began with area examinations using imaging tech-
niques, namely frontal visible light photography (Vis),
infrared reflectography (IRR) and UV fluorescence
photography (UVF). These different examination
methods stem from the fact that different types of
radiation interact with the materials of the painting in
different ways, thus providing images that reflect these
interactions. The Vis and UVF photographs were taken
with a Nikon D3100 14.2 Mpx digital camera with 1SO
of 200 and using an 18-55mm lens. Halogen 1000W-
230V D 58525 lamps were used for visible photographs,
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No ambito do estudo da pintura Vista de Lishoa
com a chegada de Filipe IT de Portugal pertencente as
coleg@es do castelo alemdo de Weilburg, foi lancado
o repto ao Laboratério HERCULES da Universidade
de Evora para participar na realiza¢io de um exame
técnico e material que permitisse responder a diversas
questdes da Histéria de Arte relacionadas com prove-
niéncia e datacio da obra. O desafio era enorme e
as limitacdes em termos de execucio do estudo
também, pois as andlises teriam que ser realizadas
unicamente com recurso a técnicas ndo invasivas de
imagem e andlise pontual. O estudo técnico e anali-
tico de pintura envolve necessariamente equipas
multidisciplinares compostas por dreas tdo distintas
como histéria de arte, ciéncias da conservacio, cién-
cias fisicas e imagiologia e uma andlise criteriosa
inicial de cada projeto tendo em consideracio os
prazos de execucdo, os recursos humanos e anali-
ticos disponiveis e os objetivos da investigacio
(CANDEIAS, 2013; VALADAS, 20106).

Do ponto de vista metodolégico, o estudo iniciou-
se com a realizacio de exames de drea recorrendo a
técnicas de imagem, designadamente fotografia em
luz visivel (Vis) frontal, refletografia de infravermelho
(RIV) e fotografia no visivel de fluorescéncia de UV
(UVF). Estes exames tiram partido do facto de dife-
rentes radiacGes interagirem com os materiais consti-
tuintes da pintura de forma diferente, permitindo
assim obter imagens que refletem estas interacdes. As
Fotografias de Vis e UVF foram realizadas com uma
maquina digital Nikon D3100 14.2 Mpx com objetiva



ISSO 200 18-55mm. Para as
fotografias no visivel foram
utilizadas lampadas de halo-
génio 1000W-230V D 58525
enquanto que, para as foto-
grafias de ultravioleta, se utili-
zaram focos Labino MPXL
UV PSi35, 35W midlight com
filtros UV (310-400nm, pico
~ a36snm). A aquisicao no Vis
e UV foi realizada no formato

68 - Aspeto dos trabalhos
de estudo técnico da
pintura A Vista de Lisboa
do Castelo de Weilburg

raw com auxilio das escalas
QpCardior v3 e AIC PhD
target para a calibracdo de
brancos no Vis e controlo no UVF pela fluorescéncia
do vermelho de cddmio padrdo da escala de RGB. A
edicdo das imagens foi efetuada no software Adobe
Photoshop CSs.5. Por limitacdes operacionais, ndo foi
possivel realizar a radiografia da pintura (fig 68).

Apés a realizagdo destes exames, foram selecio-
nadas diferentes zonas da pintura para andlises
pontuais de forma a permitir obter alguma informacio
sobre os materiais utilizados, designadamente
pigmentos e cargas. Iniciou-se o estudo pontual
através da andlise por espectrometria de fluorescéncia
de raios X por dispersao de energias (EDXRF) utili-
zando um espectrémetro portatil BRUKER TRACER
I1I/IV SD. Esta técnica possibilita a analise quimica
elementar das camadas pictéricas permitindo identi-
ficar de forma qualitativa pigmentos e cargas através
da presenga e associagdo de diferentes elementos
quimicos. Na andlise de resultados tem-se em consi-
deracdo o facto da radiacio conseguir penetrar diversos
estratos das camadas pictéricas e, por conseguinte, a
informacio traduzir esta realidade.

O estudo dos pigmentos foi complementado pela
anilise por espectroscopia de refletincia com fibra
Otica (FORS) que permite obter informagao através
da analise dos perfis dos espectros obtidos por compa-
racio com os de padrdes. O equipamento utilizado
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while Labino MPXL UV PS135
lights at 35W midlight with
UV filters (310-400nm, peak
at 365nm) were used for ultra-
violet photographs. Vis and
UV photography was taken in
RAW format wusing
QpCard101 v3 and AIC PhD
target scales for calibration of

a

whites in Vis, and with fluo-
rescence of standard cadmium
red from the RGB scale for
control in UVF. The images
edited Adobe
Photoshop CS5.5 software. Due to operational limita-

68 - Detail of the technical
study of the painting View
of Lisbon from Weilburg

Castle i

were
tions, it was not possible to perform a radiograph of
the painting (fig 68).

After these examinations were carried out, different
areas of the paint were selected for spot analyses in
order to obtain information on the materials used,
namely pigments and fillers. The spot study was initi-
ated by the analysis of Energy Dispersive X-ray
Fluorescence Spectroscopy (EDXRF) using a portable
BRUKER TRACER IlI/IV SD spectrometer. This tech-
nique facilitates elementary chemical analysis of picto-
rial layers, enabling the qualitative identification of
pigments and fillers through the presence and asso-
ciation of different chemical elements. In the analysis
of results, the fact that radiation can penetrate several
layers of the painting and that the resulting informa-
tion conveys that reality is taken into account.

The study of the pigments was complemented by
fibre optic reflectance spectroscopy (FORS) analysis,
which makes information available through analysis of
the profiles of the spectra obtained in comparison with
standards. The equipment used was a FORS Aseq IR1
spectrometer.

The use of a digital DINOLITE AM7013MZT micro-
scope provided details on the micro-morphology of
the chromatic layers including analysis of cracks, the



TABLE 1
Techniques of analysis used in the study of the painting

'Tecl"_:t:ri:iqu_e Ty;:re of-infofrﬁatié.n. ' Remarks

Frontal visible

Documentary Examination
light photography | registration including | performed with
(general and characteristics Nikon D3100 camera
detailed) and details of in digital format

the painting,

execution technique,
conservation status
and treatment
control

TABELA 1
Técnicas de analise utilizadas no estudo da pintura

Técnica

.Tipu-_-&éinfennagio __'.Ob's"én’agﬁes . .

Fotografia Registo documental | Exame realizado

com radia¢do incluindo com cidmara
visivel (geral e caracteristicas e fotografica Nikon
de pormenor) pormenores da D3100 em suporte
frontal | pintura, técnica de digital

execucio, estado
de conservagio
e controle de

tratamento
Ultraviolet Provides information | Examination Fotografia Permite obter Fxame realizado
fluorescence on surface performed with no visivel de informagao sobre com cimara
photography discontinuities Nikon D3100 camera fluorescéncia de | descontinuidades na | fotografica Nikon
including in digital format ultravioleta superficie incluindo | D3100 em suporte
repaintings, repintes, limpezas, digital

cleanings, varnish
layers and some

pigments
Infrared Identification of Examination
Reflectography preparatory drawing | performed with
performed with OSIRIS high

charcoal underlying | resolution infrared
the pictorial layers reflectography
camera with InGaAs

camadas de verniz e
alguns pigmentos

}Eﬂectograﬁa de | Identificagdo de Exame realizado
infravermelhos desenho preparatério | com camara de

executado com reflectografia de
carvio subjacente s | infravermelhos

camadas pictéricas de alta resolucio
OSIRIS com

| detector detector de InGaAs

Energy Allows elementary Analyses performed Espectrometria Permite a analise Analises realizadas
dispersive X-ray | qualitative spot with XRF Bruker de fluorescéncia | elementar pontual com espectrometro
fluorescence analysis of the TRACER IlI/IV SD de raios X por qualitativa da ‘ de XRF Bruker
spectrometry pictorial surface; spectrometer dispersdo de superficie pictérica; | TRACER III/IV 8D

identification of energias identificagdo de |

| some pigments alguns pigmentos

Fibre Optic Provides the Analyses performed | Espetroscopia de | Permite obter os Andlises
Reflectance reflectance spectra with a FORS Aseq IR1 reflexiio por fibra | espectros de reflexdo | realizadas com
Spectroscopy of the chromatic spectrometer otica(FORS) da camada cromatica | um espectrometro
(FORS) layer in the region na regido do visivel FORS Aseq IR1

of the visible and e infravermelho ‘

near infrared; préximo;

identification of identificagdo de

some pigments alguns pigmentos
Digital Provides ) Examination Microscopia Permite obter | Exame realizado
microscopy mlcromorphologlcal pgrformed with a digital detalhes com um

details of pictorial digital DINOLITE micromorfologicos microscopio digital

layers microscope das camadas DINOLITE

ictorica
. pictdricas

morphology and colour of pigment particles and the
existence of underlying layers.

Table 1 shows the techniques used and the type of
information that can be obtained.

By analysing the UV fluorescence (UVF) photog-
raphy (fig 70), it is possible to identify several areas
of intervention through the differences in fluorescence
from the original materials used (e.g. pigments,
varnishes). Particularly significant is the change in the

foi um espectrometro FORS Aseq IR1L

A utilizacio de um microscopio digital DINOLITE
AM7013MZT permitiu obter detalhes sobre a micro-
morfologia das camadas cromaticas incluindo analise
dos estalados, morfologia e cor das particulas de
pigmentos e existéncia de camadas subjacentes.

Na tabela 1, apresentam-se as técnicas utilizadas e
o tipo de informagdo que permitem obter.

Analisando a fotografia de fluorescéncia de UV
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70 - Fotografia de fluorescéncia
de Ultravioleta. As setas
assinalam grandes areas de
intervencdo

(UVF) (fig 70), é possivel identificar diversas areas
intervencionadas através das diferencas de fluores-

70 -Ultraviolet fluorescence
photography. Arrows indicates
big areas of intervention

céncia para com os materiais originais utilizados
(exemplo de pigmentos, vernizes). Particularmente
significativo ¢ a alteracio da cartela (fig. 71), que parece
ter sido alvo de varias intervencdes, sendo estas mais
evidentes na metade superior. Na metade inferior,
embora sejam evidentes algumas 4reas de intervengdo,
€ necessario confrontar com outros exames realizados,
nomeadamente refletografia de 1V, espetrometria de
fluorescéncia de raios X e microscopia 6tica, para se
concluir sobre a sua extensio.

A refletografia de IV, muito utilizada no estudo

de pintura antiga para observacio de desenho subja-
cente (CANDEIAS, 2010; LORENA, 2013; MELO,
2013; VALADAS, 20106), permitiu a confirmacio de

72 - Refletografia de IV geral 72 - Reflectography of IV

70 - Ultraviolet fluorescence
photography. Detail of the
cartouche

70 - Fotografia de fluorescéncia
de Ultravioleta do pormenor da
cartela

cartouche (fig. 71), which seems to have been the
target of several interventions, these being more
evident in the upper half. In the lower half, although
some areas of intervention are evident, other exami-
nation methods were needed, namely IR reflectography,
X-ray fluorescence spectrometry and optical micros-
copy to determine their extent.

Widely used for the observation of underlying draw-
ings in the study of old paintings (CANDEIAS, 2010
LORENA, 2013; MELO, 2013; VALADAS, 2016), IR
reflectography enabled confirmation of some areas of
alteration, particularly on the right side of the painting,
as well as some drawing details in the composition.
Figures 72 and 73 show the general IR reflectography
of the painting and from a detail of the cartouche.

Some areas of the composition in the upper portion

73 - Reflectography of IV. Detail
of the cartouche

73 - Refletografia de IV.
Pormenor da cartela



74 - In red, possible reading
of the areas visible in the
reflectography of IV

74 - A vermelho, possivel
leitura das dreas observadas na
refletografia de IV

of the detail of the cartouche respond differently to
infrared radiation, corroborating the results of the UV
fluorescence photograph. It is also possible to see
darker details in the central and lower part of the
cartouche, which indicate the existence of an under-
lying composition, although the possibility of it being
an artifice of the image cannot be ruled out. Figure 74
shows the treatment of these areas in red.

Taking into account the results obtained by the area
examinations and the need to obtain data on the mate-
riality of the piece, we decided to carry out a set of
spot analyses using various analytical techniques.

Figure 75 shows the points where these analyses
were performed.

From the analysis of the results obtained, it can be
inferred that the different colours were modelled by
the artist using the following pigments:

White areas: white lead pigment, detected by the
presence of lead (Pb) in the EDXRF spectra {fig 76a).

Blue areas: blue copper pigment, possibly azurite,

detected by the presence of copper (Cu) in the EDXRF

75 - Analysed points: in green,
analysis by FORS; in yellow,
analysis by EDXRF

75 - Pontos de andlise: a verde
— andlise por FORS; a amarelo
—analise por EDXRF

algumas areas de alteragio, em particular no lado
direito da pintura, bem como a anélise de alguns
apontamentos de desenho na composi¢do. Nas figs
72 e 73 apresentam-se as refletografias de IV geral
da pintura e de pormenor da cartela. Observando
este Gltimo pormenor, constata-se, na regiio supe-
rior, dreas da composi¢do que possuem resposta dife-
rente a radiacdo infravermelha, corroborando os
resultados da fotografia de fluorescéncia de UV. E
ainda possivel verificar, na regido central e inferior
da cartela, pormenores mais escuros, que indiciam
a existéncia de uma composi¢do subjacente, embora
ndo se possa descartar a possibilidade de ser um arti-
ficio da imagem. Na fig 74 apresenta-se a vermelho
o tratamento destas areas.

Tendo em consideracgdo os resultados obtidos pelos
exames de drea e a necessidade de obter dados sobre
a materialidade da peca, decidiu-se realizar um
conjunto de andlise pontuais recorrendo a diversas
técnicas analiticas.

Na fig 75, apresentam-se os pontos onde foram
realizadas estas anilises.

Da andlise dos resultados obtidos, pode inferir-se
que as diferentes cores foram modeladas pelo artista
pela utilizagdo dos seguintes pigmentos:

Areas brancas: pigmento branco de chumbo, dete-
tado pela presenca de chumbo (Pb) nos espetros de
EDXRF (fig 76a).

Areas azuis: pigmento azul de cobre, possivelmente
azurite detetado pela presenca de cobre (Cu) nos espe-
tros de EDXRF e pelo espetro de refletincia obtido
por FORS (fig 76b). De salientar que no caso do FORS,
o perfil dos espetros aponta para azurite para o mar
e uma mistura de azurite e verdigris para a bandeira.

Areas vermelhas: pigmento vermelhio e, em alguns
casos, mistura de vermelhio e ocre, detetados pela
presenca de merctrio (Hg) e ferro (Fe), respetivamente
(fig 76¢).

Areas rosas: mistura de branco de chumbo e
vermelhdo.
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76 - Espetros de EDXRF e de FORS (inclusos)

representativos de diferentes cores: a) dreas brancas, b)

ireas azuis; c) areas vermelhas; d) dreas amarelas

76 - EDXRF and FORS spectrum, representative of
different colours: a) white areas; b) blue areas; c) red
areas; d) yellow areas
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spectra and by the reflectance spectrum obtained by
FORS (fig 76b). Note that in the case of FORS, the
profile of the spectra points to azurite for the sea and
a mixture of azurite and verdigris for the flag.

Red areas: vermilion pigment and, in some cases, a
mixture of vermilion and ochre, detected by the presence
of mercury (Hg) and iron (Fe), respectively (fig 76c).

Pink areas: a mixture of white lead and vermilion.

Green areas: green copper pigment, possibly verdi-
gris, detected by the presence of copper and in the
FORS spectrum profile.

Yellow areas: mixture of ochre and yellow lead and
tin, detected by the presence of iron and lead and tin
(Sn), respectively (fig 76d).

Brown areas: ochres, detected by the presence of iron.

The analysis of the constituent materials of the chro-
matic layers becomes more relevant in relation to the
cartouche, taking into account the changes identified
by the UV fluorescence photography and by the IR
reflectography. Figure 77 shows the EDXRF spectra
obtained in different white areas of the cartouche,
namely in an unaltered area of the cartouche, in the
upper part of the cartouche and in the date area.

The results made it possible to identify three types
of white pigments in the different areas corresponding
to different interventions:

— lead white, the original pigment used by the
painter and identified in all the white areas of the
painting that did not undergo any subsequent
changes.

- titanium white, pigment identified in the upper
part of the cartouche (identification of titanium - Ti).
This pigment was discovered at the beginning of the
20th century and sold from 1921 onwards, and there-
fore corresponds to a recent intervention on the
painting, responsible for the lack of visible reading.

— zinc white, pigment identified in the area of the
date on the cartouche. This pigment was discovered
in the first half of the 19th century and widely adopted
for painting from the second half of that century. Its

93

Areas verdes: pigmento verde de cobre, possivel-
mente verdigris, detetado pela presenca de cobre e
pelo perfil do espetro de FORS.

Areas amarelas: mistura de ocre e amarelo de
chumbo e estanho, detetados pela presenca de ferro
e chumbo e estanho (Sn), respetivamente (fig 76d).

Areas castanhas: ocres, detetados pela presenca
de ferro.

A anilise dos materiais constituintes das camadas
cromiticas torna-se mais relevante em relacio a cartela,
tendo em consideragio as alteracdes identificadas pela
fotografia de fluorescéncia de UV e pela reflectografia
de IV. Na fig 177 apresentam-se os espetros de EDXRF
obtidos em diferentes areas brancas da cartela desig-
nadamente numa zona nio alterada da cartela, na parte
superior da cartela e na zona da data.

Os resultados permitiram identificar trés tipos de
pigmentos brancos nas diferentes areas correspon-
dentes a diferentes intervencées, nomeadamente:

— branco de chumbo, pigmento original utilizado
pelo pintor e identificado em todas as 4reas brancas
da pintura que nio sofreram alteraces posteriores.

— branco de titinio, pigmento identificado na parte
superior da cartela (identificagdo de titinio - Ti). Este
pigmento foi descoberto no inicio do século XX e
comercializado a partir de 1921 pelo que corresponde
a uma interveng¢do recente na pintura, responsavel
pela auséncia de leitura no visivel.

— branco de zinco, pigmento identificado na zona
da data da cartela. Este pigmento foi descoberto na
primeira metade do século XIX e vulgarizado para
pintura a partir da segunda metade deste século. A sua
identifica¢do na zona da inscri¢do e em particular na
data é revelador de uma intervencdo / alteracio na
pintura que poderd ter acontecido a partir da segunda
metade do século XIX e anteriormente a intervencio
na parte superior da cartela.

A observacdo das camadas cromaticas com um
microscépio digital permitiu ainda obter informacio
adicional da cartela proporcionando uma melhor
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77 - Espetros de EDXRF de diferentes zonas brancas da cartela:
a) 4rea ndo alterada, b) drea branca superior; ¢} area branca entre
nimeros da data

e
&

77 - EDXRF spectrum of different white areas of the cartouche: a)
non modified area; b) upper white area; c) white area between the
numbers of the date



78 - Micrographies of different areas of the cartouche

identification in the inscription area and in particular
in the date is indicative of an intervention/alteration
on the painting that may have occurred from the
second half of the 19th century and prior to the inter-
vention in the upper part of the cartouche.

Observation of the chromatic layers with a digital
microscope provided additional information regarding
the cartouche and a better understanding of the
previous areas (not necessarily original) and subse-
quent retouching/amendments. Figure fig 78 shows
some area micrographs of the cartouche.

With regard to the date area, it is possible to observe
thick dark varnish and cracks under the painted
numbers and dark particles under the white areas that
seem to indicate that this is a later amendment.

In general, in the inscription areas it can be seen that
the oldest damaged areas seem to have been covered
with varnish that has darkened over time, with a network
of visible cracks. The paint and texture indicate that later
additions were mixed with and mimic the older areas.

Finally, it should be noted that the analytical study
points to the existence of two interventions on the
painting, possibly in the 19th and 20th centuries,
focusing on different areas of the painting and in partic-
ular on the cartouche. It is considered that the comple-
namely EDXRF
mapping, infrared spectrometry by reflection and radi-

tion of complementary studies,

ography, may contribute to the clarification of some of
the issues raised by this study.
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78 - Micrografias de diferentes areas da cartela

compreensio das dreas anteriores (nio necessaria-
mente originais) e dos retoques/alteracdes posteriores.
Na fig 78 apresentam-se algumas micrografias de drea
da cartela.

No que respeita & zona da data, é possivel observar
um verniz grosso e escuro e estalados sob os nimeros
pintados e particulas escuras sob as areas brancas que
parecem indiciar que se trata de um repinte posterior.

Em geral, nas zonas da inscrigdo verifica-se que as
sreas danificadas mais antigas parecem ter sido
cobertas com verniz que escureceu com o tempo
sendo visivel na rede de estalado. A pintura e a textu-
rizacio permitem que as adigdes posteriores se
misturem com e mimetizem as dreas antigas.

Para finalizar, importa realcar que o estudo analitico
aponta para a existéncia de duas intervencdes na
pintura, possivelmente nos séculos XIX e XX, incidindo
em diferentes areas da pintura e com particular rele-
vincia na cartela. Considera-se que a realizagio de
estudos complementares, designadamente mapea-
mento por EDXRF, espetroscopia de infravermelho por
reflexio e radiografia, podem contribuir para esclarecer
algumas questdes levantadas pelo presente estudo.
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