SCIENTIFIC CULTURE, Vol. 8, No. 3, (2022), pp. 191-204
E%E%HHE ’ Openo Access. Onl;?Ze & Print

www.sci-cult.com

DOI: 10.5281/zenodo.6631440

PHYSIOCHEMICAL DIAGNOSTIC STUDY
OF THE CONSERVATION STATE OF MOHAMED
ALI PASHA PAINTED PORTRAIT
(NATIONAL MILITARY MUSEUM, CAIRO)

Souty Beskhyroun*!, Gamal Magoub’, Abdelrahman Elserogy!, Sawsan Darwish?,
Ibrahim El-Rifai3

1Conservation Department, Faculty of Archaeology, Fayoum University, El Fayoum 63514, Egypt
2Conservation Department, Faculty of Archaeology, Cairo University, Giza, 12613, Egypt
3Heritage Aid Mobile Lab, Faculty of Archaeology, Fayoum University, El Fayoum, Egypt

Received: 12/05/2022
Accepted: 31/05/2022 Corresponding author: Souty Beskhyroun (san1l@fayoum.edu.eg )

ABSTRACT

This research is the outcome of an integrated diagnostic study that has been performed to assess the conser-
vation state of the oil painted portrait of Mohamed Ali Pasha at the National Military Museum, Citadel of
Saladin (Cairo) in preparation for conservation interventions. Documentation methods, micro-stratigraphic
examination and chemical studies were conducted to characterize the painting materials, technique and the
physiochemical changes that occurred on. The painting was imaged by Multi-spectral imaging (MSI) and sam-
ples were collected from representative areas. Cross-sections from the previous conservation interventions
added to the original painting structure, varnish, pigments, medium, ground layer, canvas support and
wooden stretcher were studied by the means of stereomicroscopy (SM), scanning electron microscope coupled
with dispersive energy of X-ray spectrometer (SEM-EDS), Attenuated total reflection-Fourier transform infra-
red spectroscopy (ATR- FTIR), Gas chromatography-mass spectroscopy (GC-MS), and X-ray diffraction
(XRD). The studies resulted in the characterization of the deterioration phenomena that occurred to the origi-
nal painting materials of linen canvas support, the ground layer of barite, calcite, hydrocerussite, zinc oxide
and the followed oil painted layer. Discoloured dammar varnish and non-systematic previous conservation
intervention affected the appearance of the painted layer of burnt sienna, green earth, red ochre, and ultrama-
rine with the mixtures of lead-based pigments. It was concluded that the painting was incompatibly conserved
more than once with destructive consequences to the painting aligned with chemical changes occurring to the
paint medium and the varnish.

KEYWORDS: Multispectral imaging; Conservation state; Cross-sections; SEM-EDS; XRD; ATR- FTIR; Physi-
ochemical changes
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1. INTRODUCTION

Mohamed Ali pasha portrait was dedicated to the
National Military Museum at Saladin Citadel in Cairo
by Hassan Shaarway Bey in December 1949. The
painting was painted by Esperén who signed his
name with the date of the painting of 1897 at the far
left of the bottom of the painting. The painting depicts
Mohamed Ali Pasha. He sits in the eastern sitting with
the three-quarters position on the throne couch. It was
mentioned that "Thomas Brigstocke" was the first one
who painted Mohamed Ali Pasha with this position
and was displayed at the royal academy in 1849_ the
year of Mohamed Ali's death, and then the painters
from the 19th and 20t centuries transferred this paint-
ing from him (fig 1-B) (Ameen, 2012). Little is known
about the life and work of Esperén but his other paint-
ings indicated some characteristics of the technical
painting school he belongs to. It is worth mentioning
that Esperén added a kind of vitality to his paintings
by using rich details techniques with vivid painting

materials. He was also used to express the third di-
mension by cascading the painting elements (Rees,
2021). Some preserved portraits at the Egyptian mu-
seums are attributed to Esperén. Abbas Helmy I por-
trait is preserved at El- Manial palace with a date of
1853. A portrait of Khedive Ismail is preserved at El-
Manial palace and dated 1860. Prince Ibrahim El-
hamy's portrait is preserved at the Jewellery museum
in Alexandria and is dated 1876. From Esperéns'
paintings dates, it can be assumed that he came to
Egypt in the second half of the 19th century (Ameen,
2012). Mohamed Ali Pasha painted portrait is applied
on canvas of 140 cm in width and 200 cm in height.
The painting has a rectangular wooden frame of 189
cm in width and 248 cm in height. The frame is deco-
rated with gilded ornaments in the form of opened
flowers and surrounded by two branches of plants. In
the middle of the lower side of the frame, there is a
small plate of copper that inscribes the dedication in-
formation to the museum.

Figure 1. A) Mohamed Ali Pasha painting at the National military museum with elucidation to the painter signature,
Year of painting with Indian numerals and a copper plate of the painting dedication & B) Mohamed Ali painting of
Thomas Brigstocke at the Royal Academy

The preliminary investigation of Mohamed Ali pa-
sha painting presents the existence of structural
(Young, 2014) and aesthetic problems associated with
the previously non-systematic conservation interven-
tions (Alawneh et al., 2018; Beskhyroun et al., 2019)
and the uncontrolled environmental conditions (Bacci

et al., 2008; Kabbani, 1997). The painting has been in-
compatibly conserved several times; this mainly ap-
pears with the different fabric patch varieties in the
back of the painting (fig 2A). Uneven application of
retouching shows a significant aesthetic problem
(Johnason, 2014), especially in the part of Mohamed
Ali's right shoe. The painted layer also suffers from
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extensive damage that is ranging from dirt accumula-
tion, varnish discolouration, retouches, wrinkling,
cracking, mechanical pressure from the heavily fixed
verse patches, flaking to missing, cutting off parts,
and paints liquefaction from the recently painted mu-
seum walls on the reverse side of the frame. This work
aims to evaluate the conservation state of Mohamed

Ali's painting at the National Military Museum at Cit-
adel of Saladin (Cairo) in preparation for conducting
scientific conservation interventions. The research in-
cluded the documentary, stratigraphic and chemical
studies with the aim of tracking the causes of the me-
chanical and chemical changes that occurred to the
painted layer of the painting.

Figure 2. A) The verse of the painting with differently fixed fabric patch varieties, B) the mechanical pressure of the verse
patch on the painted layer, C) asymmetric retouches, D) cut off of the painting layers, E) wrinkles of paints, F) Paints
liquefaction, dirt accumulation and G) heavily uneven retouches

2. MATERIALS AND METHODS
2.1 Sampling

The visual investigation showed that the new ad-
dition of the whole painting layers from the support
to the painted layer at the lower right side aligned
with the multiplicity of the fixed patches on each
other on the verse of the painting. Two samples were
collected from these areas and prepared as cross-sec-
tions. The cross-sections were embedded in a trans-
parent epoxy resin (EpoFix _ Struers A/S). The sur-
faces of cross-sections were polished and ground by a
rotating grinder using different grades of silicon car-
bide grinding papers. Further (6 samples) were col-
lected from the representative areas (fig 3.) of the
painting to characterize the painting materials; var-
nish, pigments (red, sky blue, green, brown, light
green), binding media, ground layers, the painting
support (canvas and wooden stretcher) and a reverse
fixed patch.

Figure 3. Samples locations for technical analysis
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2.2 Methods
2.2.1 Multi-Spectral Imaging

To investigate the conservation state of the paint-
ing and the distribution of paints, a multispectral im-
aging system (Pelagotti et al., 2008; El-Rifai et al, 2016;
Abdellah et al., 2020) has been used which operates in
the range between 380 - 1100 nm in the visible (VIS),
near-ultraviolet (UVA) and near-infrared (NIR) using
a modified Fuji Film S5 DSLR camera. The multispec-
tral images were collected and processed in the fol-
lowing modes: Visible (VIS), and Infrared CCD. Re-
flected (IRR), Infrared False Colours (IRFC), Infrared
Transmission (IRT), and Ultraviolet Fluorescence
(UVE). The system employs a Schneider IR/UV Block
filter, B+W IR filter 093 (1% transmission at 800nm to
88% at 900nm) and B+W UVA filter 403 (320 - 385nm)
in addition to 18W UV Fluorescent Black Light, IR
and VIS LED lights.

2.2.2 Microscopy

Microscopic examinations of samples taken from
the painting were performed using Carl Zeiss c-2000
stereomicroscope (Germany) and Zeiss sigma scan-
ning electron microscope coupled with dispersive x-
ray spectrophotometer (SEM-EDS) to achieve ele-
mental analysis with in-class geometry of Zeiss sigma
500. Zeiss Gemini in-lens detects secondary (SE) and
backscattering (BSE) modes with EHT 3.00 kV and
vacuum pressure of 1.01e-09 mbar. SEM-EDS was
performed at the Faculty of Science, Fayoum Univer-
sity.

2.2.3 Attenuated Total Reflection-Fourier
Transform Infrared Spectroscopy (ATR- FTIR)

For characterization of the varnish, the binding me-
dium, and the organic material used as an adhesive of
the ground layer, FTIR spectra were collected from
FTIR- VERTEX 80/80 V Bruker. Non-destructive
analyses were carried out with a platinum single re-
flection diamond ATR module with a resolution of 4
cm? in the range of 4000-400 cml. The analyses were
conducted at the National Centre For Researches,
Dokky, Giza.

2.2.4 Gas Chromatography-Mass Spectroscopy
(GC/MS)

To specify and confirm the type of used paint me-
dium, GC/MS was carried out by using a Perkin
Elmer Auto System XL equipped with a Flame ioni-
zation detector(FID) was used under the following
conditions: Fused silica capillary column ZB-5 ( 60 m
x 0.32 mm i.d), the Oven temperature was maintained
initially at 150°C and programmed from 150 to 240> C

at rate 3°C/min, then mentioned at 240-C for 15 min,
injector temp230-c, detector temp 250°c, Carrier gas;
Helium, Flow rate 1ml/min, sample size 2pl, split
1:10. The sample was analysed in the oils and fats de-
partment, National Centre for researches, Cairo, and
prepared in two main steps; extraction of the fatty
material in the sample by using a mixture of chloro-
form and methanol 2:1 in Suksit equipment for 16
hours and evaporating the solvent by the Rotary
evaporator then the sample will be ready for prepara-
tion the methyl esters of the fatty acids in the sample
by adding Benzene, Methanol and concentrated sul-
phuric acid 10:84:4 % in the order to conduct the
Methylation process in temperature from 80 to 90 ° c
for an hour to finally put the prepared methyl ester in
the Gas chromatography equipment in very high tem-
perature to transform the methyl ester to gas in the
separation column to separate the fatty acids with low
molecular weights firstly and the fatty acids with high
molecular weights (Abdelatif, 2008). The analyses were
performed at the oils and fats department of the National
Centre For Researches, Dokky, Giza.

2.2.5 X-Ray Diffraction analysis (XRD)

X-ray diffraction analysis was carried out to char-
acterize the chemical compositions of the inorganic
pigments as olive green, red, dark brown, yellow,
light green, and the ground layer of the paintings by
using X'Pert PRO X pert PRO system with a mono-
chromator, Cu radiation (A=1.542 A) at 50 kV, 40 mA
and scanning speed 0.02 /sec were used. The reflec-
tion peaks between 20=2° and 60° corresponding
spacing (d, A) and relative intensities (I /1°) were ob-
tained. The diffraction charts and relative intensities
are obtained and compared with ICDD files. The anal-
yses were conducted in the general authority for min-
eral resources, Cairo.

3. RESULTS AND DISCUSSION
3.1 Technical documentation

The conservation state of the painting was con-
ducted with the assistance of a multispectral imaging
system. The painting was examined under visible
light, raking light, ultraviolet fluorescence, infrared
reflectance, infrared transmission, and infrared false
colour. Several deterioration phenomena have visu-
ally appeared on the oil painting of Mohamed Ali by
visible light imaging. Some of these deteriorations are
mainly due to the previously incompatible conserva-
tion interventions. The current painted appearance
shows an aesthetic problem in some areas due to the
uneven application of retouches. Also, re-drawing
motifs at the lower decoration tape represent a differ-
ence from the original part (fig 4. F). The stress from
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the back fabric patches that appears near Mohamed
Ali's face and wrinkles at the part of Mohamed Ali s'
shoes (fig 2. B&E) are due to the heavy application of
glue layers for patch fixation on the verse side. This is
besides the other phenomena of brittleness, cracking,
losing parts, varnish discolouration and dirt accumu-
lation are also found in the painting (fig 4. E & F).
Ultraviolet fluorescence imaging yielded prelimi-
nary information about the protective varnish. The
varnish layer showed yellowish blue fluorescence col-
our when illuminated by ultraviolet light. This could

indicate the presence of natural resin. The varnish flu-
orescence did not appear in some areas due to the ac-
cumulation of dirt on the surface (Cosentino, 2015 a).
It also showed the retouched areas from the previous
conservation interventions with darker tonality than
the original part. The ultraviolet image of the verse
side of the painting represented the multiplicity of
fabric patch varieties which refers to that the painting
was conserved several times (fig 5. F).

Figure 4. High-resolution visible-light image of the full painting A, illustration of the deterioration phenomena of the
paint layer B, C, D irregularities of retouched areas, E discolouration of varnish, F dissimilarity of re-drawn motifs
with original, losses, cracking and brittleness of the painted layer

Figure 5. The ultraviolet fluorescence image of A) the full painting, B, C, D, and E illustration the fluorescence of the
varnish and retouched areas & F shows the verso of the painting
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Raking light images were performed on some parts
of the painting due to its large size through which the
surface irregularities of the painting became ex-
tremely observable. These irregularities were mainly
due to the ingenuity of Esperén in drawing promi-
nent motifs (Miriello et al, 2021), wrinkling, the pres-
sure of the verse patches, and the incompatibly une-
ven application of retouches (fig 6. B &C). Infrared
false colour imaging is sometimes used for initially
determining some pigments (Elkhaial & El Hadidi,

2022). For Mohamed Ali's painting (fig 6. F), the red-
dish shadow at the sky blue background and pyra-
mids suggested the existence of ultramarine and the
yellowish shadow at the red couch, pillow, and Mo-
hamed Ali s' shoes suggested the existence of red lead
(Soltan, 2010). Infrared reflected imaging did not de-
tect under-drawing. The darker retouched parts were
markedly observable than the originally painted layer
in the infrared reflected image.

Figure 6. The raking light images of the painting through which A) shows the effect of the verse patch pressure on the
front painted surface, B), C) uneven retouches, D) wrinkling, E) the prominent motifs, F) Infrared false-colour image &
G) Infrared reflected image of the full painting

Figure 7. The infrared transmitted images of Mohamed Ali's painting: the full painting (A), the information from IRT
image (B) presents the reflection of the white pigment on Mohamed Ali's turban & (C) the upper part of the minaret with
clarification of stretcher members, wedges and the verso fabric patches
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Infrared transmitted image is used to study paint-
ings on translucent support such as canvas to provide
a better reading of the under-drawing and under-
painting. In this case, the lighting can be effectively
shielded and no infrared light is diffused in the exam-
ination room then the camera faces the front of the
painting to provide sharper drawing lines. It is also
effective for highly reflective pigments such as lead
white and Titanium white as their hiding powers are
rarely affected by infrared light to be strongly re-
flected with no producing a contrast with the ground
and the under-drawing (Cosentino., 2015 b). Infrared
transmitted images of Mohamed Ali's painting mark-
edly showed the verso fabric patches and the 5 mem-
bers of the wooden stretcher with the joint wedges of
the 19% century (Laaksovirta, 2020) appeared in the
infrared transmitted image. It also presented the
drawing lines as sharper than a pencil drawing with
the details of motifs. The reflection of the white pig-
ment from Mohamed Ali's turban and the upper part
of the minaret (fig 7. B& C) suggested that the white
pigment could be lead white as Titanium white was
not provided as a pigment since this date of the paint-
ing (Mohie, 2002). The spectral images did not show
retouching in this area.

Energy [keV]

3.2 Technical analysis
3.2.1 Cross-sections

3.2.1.1 Original stratigraphic structure with the
verse sized patches

The first cross-section represents the original strat-
igraphic structure of the painting with two heavily
fixed patches with thick layers of glue on the back of
the canvas support (sample no.1). Stereomicroscope
image mag x 3.2, backscattering and secondary elec-
tron images of SEM mag x 150 showed that the sam-
ple is composed of eight successive layers (fig 8.). The
first layer from the bottom represents the canvas of
the outer patch that is heavily fixed with a thick layer
of glue (layer 2) that is followed by another fixed
patch (layer 3) with another thick layer of glue (layer
4) to the original canvas support (layer 5). The origi-
nal canvas support is followed by the ground layer
(layer 6), brown paint (layer 7), and finally the varnish
layer (layer 8). EDS analysis of the ground layer
showed that the dominant elements are Ca, Ba, Zn, Pb
and a negligible ratio of Ti that is could be from the
adjacent ground layer added during the previous
conservation intervention. The dominant elements of
the brown paint are Al, Si, Ca, Fe, Ba, S, Zn, and K
which suggest that the brown paint could be burnt si-

Energy [keV]

Figure 8. The original stratigraphic structure with the verse sized patches, A) stereomicroscope image mag x3.2, B), C)
secondary electron and backscattering images mag x150, D) & E) EDS analyses of brown paint and ground layer
respectively
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3.2.1.2 New stratigraphic structure

The second cross-section represents a new strati-
graphic structure that was added to the lower decora-
tive ribbon during the previous conservation inter-
vention (sample no.2). The microscopic investigation
showed that the sample is formed by three successive
layers. The first layer from the bottom represents the
canvas support followed by the ground layer and the
green painted layer with no observation of the
addition of varnish coating (fig 9). EDS analysis of the

a3 I B)

ground layer confirmed that the dominant elements
are Ti and Zn suggesting that the ground layer added
during the previous conservation intervention was
mainly composed of titanium dioxide and zinc oxide.
EDS analysis of the olive green paint detected the
elements of Mg, Al, Na, Fe, Si, K, Ca, Ba, Ti, and Zn
with a negligible ratio of Pb. The detected elements of
the green painted layer suggest that the green
pigment could be green earth from the type of
glauconite.

| ; ol

Energy [keV]

Energy [keV]

Figure 9. The new stratigraphic structure examinations a) stereomicroscope image mag x3, b) backscattering image mag
x300, c) secondary electron image mag x 150, d) &e) EDS analyses of the olive green paint and ground layer respectively.

3.2.2 Varnish layer

The ATR- FTIR analysis of the varnish layer
showed the disappearance of many characteristic
bands via ageing processes over time as photo-, ther-
mal, or/and bio-degradation. The auto-oxidative pro-
cess through radical chain reactions is the main rec-
ognized degradation pathway (Popescu et al., 2012;
Ciofini et al., 2015). FTIR spectra in the transmission
revealed the presence of the C-H stretching band at
2918 cm-! which is a characteristic of tri-terpenoid res-
ins and not affected by ageing. The characteristic
band of the varnish carbonyl group appears as a
shoulder in 1716. 23 cm?, shifted to the slightly higher

wavenumber, related to the formation of new inter-
molecular interactions as hydrogen bonds and new
functional groups with growing a shoulder at the
peak of 3270 and 3393 cm-! related to new carboxylic
acid groups (Ciofini et al., 2015). The band at 1657 cm-
1is assigned to stretching vibrations of C=C from cis -
C=C- groups. The band at 1436 cm! includes the in-
formation on the C-H bending vibration of methyl
and methylene groups and 1315 cmis assigned to C-
H bending vibration that gives the structural infor-
mation on the hydrocarbon skeletons in the dammar
resin (fig 10). The C-O stretching vibration is assigned
at 1014 cm. The band of 951 cm! indicated the defor-
mation vibration of trans and cis C-H groups (Popescu
et al., 2012).
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Figure 10. The peaks of ATR- FTIR spectrum of dammar varnish

3.2.3 Binding medium & ground layer

The inspection of FTIR spectra collected from the
powdered black paint (sample no.3) in transmission
mode demonstrated the presence of organic and inor-
ganic materials. The spectrum reveals the presence of
drying oil in which the peaks of ester were recorded
at a broad stretching band centred around 1713 cm-.
This band may result from hydrolysis of oil ester
group to carboxylic ones. The hydrolysis of the oil es-
ter group could come from the aqueous sizing from
the patch fixed on the verse of the collected black
paint. The band at 3398 cm! is assigned to both the O-
H stretching band and the - N-H stretching band of
animal glue from the ground layer. N-H peaks on the
broader bonded O-H band. Asymmetric and symmet-
ric C-H stretching bands of aliphatic groups of animal
glue and fatty acids of oil are generally found at 2917
and 2849 cm. The band of 1794 cm is assigned to a
very weak band of C=O of carbonate from the ground
layer (Alawneh et al., 2018). The region of the car-
bonyl stretching band (amide I) of animal glue ap-
peared at 1641 cm?. The combination of the C-N
stretching band and N-H bending band (amide II) of
animal glue is characterized at 1537 cm? (Al
Khasawneh & Elserogy, 2019). The broadband at
1397 cm! is due to the combination of the C-H bend-
ing vibration of animal glue, oil, and COs2 stretching
band from the ground materials (Abdellah et al.,
2020). The bands of 1174, 1114, and 984 cm-1 are re-
spectively due to the C-O stretching of animal glue,
oil, and asymmetric SO42 stretching band of sulfate
from the ground. The band of 1069 cm is ascribed to

carbon black. The O-C-O bending band of the car-
bonate group is found at 871 cm-. The band of 711 cm-
1is ascribed to the C-H bending band of the oil fatty
acids (Afifi et al, 2020). The bands of 680, 634, and 607
cm! are respectively due to the SO42 bending band
from the white materials of the ground layer. To spec-
ify the variety of the drying oil, further analysis of gas
chromatography-mass spectroscopy (GC/MS) was
performed. GC/ MS is considered to be a fundamen-
tal tool for analysing the lipidic binders by comparing
the fatty acid compositions that do not undergo mod-
ification during the ageing process. Palmitic and stea-
ric acids ratio is one of the most widely used ap-
proaches for characterization the drying oils. The typ-
ical ratio of linseed oil is 1.9+/- 0.5 (Manzano et al,
2011). To this end, the GC/MS of the black paint Sam-
ple confirmed that the ratio between palmitic to stea-
ric is 26.05/11.96 = 2.17 which is the typical ratio of
linseed oil (fig 10. B). The ground layer of the painting
has been collected from the taking margins (sample
no.4). The Stereomicroscope image elucidates the di-
rect application of the white materials on the sized
canvas. The ground layer is suffering from micro-
cracks that appear in secondary electron images. In-
homogeneity of the ground materials refers to the
multiplicity of the used white materials. The miner-
alogical composition of the ground layer by XRD in-
dicated the presence of barite BaSO, at the rate of
44.60%, calcite with the percentage of 30.68%, basic
lead carbonate 'hydrocerussite' PbCO;.Pb(OH); in the
percentage of 12.49% and zinc oxide ZnO in the rate
of 12.21%.
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Figure 11. ATR- FTIR spectra of the powdered black paint A), GC-MS chromatogram of the binding medium B), C)
stereomicroscope image mag x 3.2 of the ground layer on canvas support, D), E) secondary electron images of the ground
layer, and F) XRD pattern of the ground layer.

3.2.4 Pigments
e Red

The microscopic examination of red paint (sample
no. 5) with a stereomicroscope showed the micro-
cracks of the paint with the attempts of the previous
conservation interventions to fix these cracks with the
existence of dirt on the paint surface. Secondary elec-
tron images showed the effects of the consolidation
materials on the surface of the paint that inhibited in-
vestigation of the appearance of the particles on the
paint surface (Fig 12 A.B.C). EDS analysis of the red
paint indicated the presence of the elements of Na,
Mg, Si, Fe, Pb, Ca, Zn, and Al. The mineralogical anal-
ysis of XRD showed that red is mainly composed of
lead red PbsO,, hematite Fe,Os, and barite BaSO4. The
results of the red paint analysis indicated that it is a
mixture of lead red and hematite. The presence of bar-
ite is ascribed to the ground layer.

e Sky Blue

The microscopic examination of the surface of the
sky blue paint (sample no.6) showed the accumula-
tion of dirt on the discoloured varnish. Secondary
electron images of the sky blue paint showed the
ground materials appeared from the painted surface
this is most probably due to the inadequate prepara-
tion of the paint. EDS analysis confirmed that the
dominant elements are Na, Si, Al, Si, Mg, Fe, S, Pb,
and a small percentage of Zn (fig 12. E). The elemental
analysis of the sky blue paint suggests that the paint

could be a mixture of ultramarine and lead white. The
presence of Fe could be due to the contamination of
the painter's palette by the adjacent brown paint.

o Green & light green

The microscopic investigation of the green and
light green sample (sample no.7) by the stereomicro-
scope image showed that the paint is cracked. The
discolouration of varnish and the accumulation of
dirt markedly appear on the painted surface (fig 12.
F). The secondary electron images of SEM elucidated
the cracks of the sample. Inhomogeneity of the light
green particles suggested the paint mixture while the
green paint showed consistency of the paint particles.
EDS analysis of the green paint confirmed that the
dominant elements are Mg, Al, K, Si, Fe, Na and a
small percentage of Pb from the underlying layer.
EDS analysis of the green paint suggests that green
earth could be used. It should be mentioned that the
element of Au that appeared in the elemental analysis
is due to the coating of the sample with gold. EDS
analysis of the light green indicated that the dominant
elements are Mg, Al, K, Si, Fe, Na and a high percent-
age of Pb. The mineralogical composition of the light
green paint referred to the presence of calcite CaCOs,
barite BaSO,, basic lead carbonate PbCOs.Pb(OH).
and green earth 'glauconite type' (Na, K)(Fe, Al
Mg)2(SisO10)(OH)a. The results collected from the light
green paint confirmed that it is a mixture of basic lead
carbonate and glauconite. The presence of calcite and
barite are ascribed to the ground layer.
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Figure 12. Microscopic examination of red paint A), B) stereomicroscope images mag x 3.2, C) Secondary electron image
mag x 40, D) XRD pattern of red pigment, E) EDS analysis of sky blue paint, F) stereomicroscope image mag x3.2 of
green and light green paint, G) Secondary electron image mag x 47 of green and light green paint & H) XRD pattern of
light green pigment

3.2.5 Support

o Canvas, stretcher and fixed patches

The original canvas support sample was taken
from the taking margins (sample no.8). The micro-
scopic examination of the original canvas support
showed that it is made of natural fibres of linen. The
fibres showed yellowing due to the natural degrada-
tion (Mahmoud et al, 2021). The SEM image of the
canvas elucidated the linen fibres with traces from the
ground layer. There are traces of glue and ground ma-
terials on the surface of the support (Fig 13. B& F). The
glue was used during the previous conservation in-
terventions to heavily fix the original canvas support
to the wooden stretcher. To count the threads per cm,

the sample was soaked in distilled warm water to dis-
solve the glue and separate the fibres from each other
(Laaksovirta, 2020). The original canvas support has a
thread count in the range of 33 to 35 per cm. The cur-
rent stretcher represents the original stretcher of the
painting. It is in good condition. The microscopic in-
vestigation suggested that it is made of coniferous
trees. The pinewood is characterized by its pits from
pinoid type in the cross-field (Mac-Gillavry, 2004).
The fringes of the stretcher are suffering from the ac-
cumulation of the extra addition of the animal glue.
Extra animal glue was applied during the conserva-
tion interventions to fix the canvas to the stretcher.
Stereomicroscope images of the studied heavily fixed
patches from the previous conservation interventions
showed that it is from cotton fibres with a heavy ap-
plication of glue (fig13.E).

SCIENTIFIC CULTURE, Vol. 8, No 3, (2022), pp. 191-204



202

S. BESKHYROUN et al

Figure 13. The microscopic examination of stereomicroscope images mag x3.2 of A) the original fibre linen,

B) the original canvas support with a heavy application of glue from the previous interventions, C) the patch fixed
behind the original canvas, D) the cotton fibres of the fixed patch, E) the heavy application of glue on the fixed patch,
F), G) secondary electron image of the original linen canvas, H) stereomicroscope image mag x3.2 of the wooden
stretcher, I) the heavy application of the glue on the wooden stretcher and ]) secondary electron image clarifies
the type of the pinewood mag x65.

4. CONCLUSION

The technical documentation and the technical
analysis of Mohamed Ali pasha painting showed that
the painting was incompatibly conserved several
times with evidently chemical change effect on the oil
medium and the protective varnish aligned with
physical change that finally caused cracking of the
painted layer. The micro-stratigraphic structure of
Mohamed Ali Pasha portrait is composed of four suc-
cessive layers; canvas support, ground layer, painted
layer and final protective varnish. The previously
non-systematic conservation interventions showed
the additions of two heavily fixed patches with thick
layers of glue to the original painting structure. The
new stratigraphic structure that was added during
the previous interventions showed the difference in
the chemical components of the ground layer con-
firming that the interventions were not based on a sci-
entific approach. The dammar varnish and oil me-
dium of linseed oil showed hydrolysis as a result of
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the aqueous sizing from the patch fixed on the verse
of the painting. The chemical compositions of the
ground layer indicated the presence of inorganic and
organic materials; barite, calcite, hydrocerussite and
zinc that were bonded with animal glue. Burnt sienna,
green earth, a mixture of red lead and hematite, ultra-
marine and green earth mixed with lead white were
characterized as brown, green, red, sky blue and light
green paints respectively. The varieties of the heavily
applied patches with thick layers of glue caused heav-
ily mechanical pressure on the painted layer with the
existing cracks and micro-cracks on the painted layer
aligned with the existence of heavily wrinkling at the
part of Mohamed Ali's shoes. Uneven and asymmet-
ric application of retouches distorted some areas of
the painted layer. The accumulation of dirt and dis-
colouration of the varnish via ageing played a role in
the aesthetic value of the painting. The painting re-
quires urgent conservation to eliminate further dete-
rioration of the painted layer with restoring its aes-
thetic value.
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