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Chapter 4: Materials and Methods 

To carry out this study, two types of paintings were chosen for scientific examination. 

The selection was made to provide a wide range of knowledge about different artefacts 

painted during the medieval and later periods. 

The first type of artefacts are Coptic icons which were chosen from mainly from Saint 

Mercurius church, Saint Mercurious monastery, Old Cairo and only one icon from Saint 

Mena church in Fom El-KHalieg. Both churches are to be found in Cairo, Egypt. The 

chosen icons represent different dates, painters and techniques. 

The second type of artefacts is wooden ceilings of which three examples presenting 

different periods from Islamic architecture in Cairo were studied. The first is the 

mosque and Khanqah of the Prince Shaikhu al-Ameri al-Nasiri which is dated from the 

mid-14
th

 century, Mumlok period and the second is Bayt Ali Labib which is dated from 

the 18
th

 century, Ottoman period. 

4.1. Introduction to Coptic icons  

The word “icon” is derived from a Greek word “eikon” which means “likeness” And 

eikon grapte was the painted portrait. Later, Orthodox religious icons were called 

eikones “the plural of eikon” (Doxiadis, 1997: 79). Icons represent, according to the 

Orthodox Church, the image of Christ, the Virgin and Saints painted on a wooden 

support. (Losskey and Ouspenky, 1982: 26). The word “Copt” is used to describe the 

Egyptian Christians whose language, Coptic, is derived from the last stage of ancient 

Egyptian hieroglyphics. The word “Coptic” is usually used by the art historians to refer 

to the art created by Egyptian Christians in late Roman, early Byzantine, early Arab and 

late Middle Ages (Skalova and Gabra, 2003: 45). Van Moorsel (1991: 6) mentioned that 

Coptic icons hardly deserve this name as most of these icons were made by foreign 

painters. However, they are made for Coptic clients according to the Coptic style. 
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Langen (1990) reported that icons have two forerunners. The first is in the imperial 

portrait, the lauraton, which was made when a new emperor came to the throne and sent 

to the entire kingdom to be hung in public places. These portraits represent the emperor 

in public occasions. With each new emperor, the portrait of his predecessor would be 

destroyed so just a single portrait would be in existence. The second forerunners are the 

pagan painted panel in which pagan gods were depicted. These panels are found in the 

Fayum region in Egypt and can be dated from the 1
st
 to the 4

th
 centuries. On the other 

hand Doxiadis (1997: 79) reported a different opinion that Langen did not agree with. 

Doxiadis stated that Coptic icons are influenced from the Fayum mummy-portraits due 

to some aspects of their similarities in some aspects such as the paint application from 

dark to light shades, the golden background, the paint media used and the frontal poses 

and gestures of both icons and portraits. 

Coptic icons, in most instances, were painted on wooden panels made from one or 

several blanks held together with wooden pegs and supported by wooden traverses 

nailed on the reverse with iron nails. The panels varied in shape according to their 

function (Skalova and Gabra, 2003: 57): single panels with or without frame, a diptych 

which is a folding pair of panels or a triptych with a central icon between two icons in 

each side. 

The panels were made from local wood which was mostly sycamore, although acacia, 

cypress, olive and tamarisk were also used. In a few cases, imported wood may also be 

found. Sycamore wood has special symbolism as the sycamore tree was a holy tree in 

ancient Egypt and land of sycamore was one of the names of Egypt. Moreover, the 

Virgin Mary when in Egypt rested under a sycamore tree in a place called Matarria in 

Heliopolis which is still alive to this day (Skalova, 1995). 

The wooden panels were covered with linen canvas to reinforce any joints, to even out 

flaws on the surface of the panel and to reduce the cracking of the ground (Bomford et 

al., 1989: 12). 
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The linen covered panels were then primed with white ground layers made from 

gypsum (gesso) mixed with an aqueous protein component, such as animal glue 

(Skalova and Gabra, 2003: 57). The gesso layer was applied to prevent the paint from 

being absorbed into the backing and to give the colour more luminosity (Skalova, 

1990b). Skalova reported that some gesso layers, especially in medieval icons, were too 

fragile and powdery to be applied without any binder (Skalova and Gabra, 2003: 57). 

Sulfur was sometimes added to the gesso to prevent it from being affected by micro-

organisms (Abdel-Ghani, 2000: 224). 

Historically, in ancient Egypt, the ground layers of paintings were either gypsum or 

whiting. Gypsum was mainly used for mural paintings while whiting was used for 

wooden objects such as coffins, boxes and stela (Lucas and Harris, 1962: 154). 

Gypsum plaster is crude gypsum that has been burnt, powdered and slaked. It normally 

contains calcium carbonate, sand as impurities. Chemically, it is calcium sulfate 

dehydrate (CaSO4. 2H2O) which is heated to 100 °C to loose three quarters of its water 

and to form a material that sets hard. Gypsum plaster was normally applied in a single 

layer. However, in the 18
th

 dynasty, two plaster layers were detected in the tomb of 

Amenhotep III in Luxor (Uda 2005). The top layer was made of anhydrite while the 

underlying layer comprised calcite, quartez and small amount of anhydrite (Uda, 2005). 

Coptic icons used gesso normally applied in a single layer. However, the complex 

structure comprising two layers which were applied in Greek icons (Burgio et al., 

2003), have been also detected on a 19
th

 century Coptic icon (Abdel-Ghani et al., 2008). 

This type of structure was described by Cennini (1960) as two forms of gesso. The first 

form, which applied over the wooden panel, is called gesso grosso which is a coarse 

anhydrite form of calcium sulfate. It is made by heating lumps of gypsum in a kiln to 

remove water from the sulfate molecules. The resulting anhydrite was then ground and 

mixed with an animal glue to form a paste which was applied to the canvas. The second 

form is called gesso sottile and is made by soaking the gesso grosso or raw gypsum in 
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water to form a fine paste which was applied on top of gesso grosso (Bomford et al., 

1989: 17). 

Gilding has been applied to Egyptian artworks since ancient times. Several illustrated 

Funerary papyri were found such as the Book of Dead of Tjenena REF dated to the new 

kingdom, Book of the Dead of Anhay and Book of Dead of head-goldsmith “Khar” 

(Lee, 2000: 116). In addition, many gilded coffins and cartonnage have also been 

reported (Colinart, 2001). It is also applied on bronze figure of Oziris dated to the 4
th

 

century BC (Scott and Dodd, 2002). 

Several tomb decorations represented the gold workers processing gold. The oldest is to 

be found in the tomb of Baqt III in Bani Hassan dated to the 1900 BC. (Chaappaz 

1983). Figure 4.1 shows the Scene of “Goldwasher of the treasury of Pharaoh” in the 

Tomb of Kha
c
y, at Saqqara, showing grinding, washing and melting of gold (Martin, 

1991: 131 figuer 90). 

 

 

 

 

 

 

The gold was applied as an extremely thin (less than 0.005 mm) gold leaf or foil (Lucas 

and Harris, 1962: 231) which appears greenish in transmitted light. The gold leaf was 

directly applied to the substrate using egg white or gum and sometimes over a gesso 

ground (Ogden, 1983: 80). 

Figure 4.1: The scene of “Goldwasher of the treasury of Pharaoh” in the Tomb of Khacy, New 

Kingdom (Martin 1991: 131 fig 90)  
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The use of gold powder “Fire gilding” commenced in the Ptolemaic period (Gettens and 

Stout, 1966: 115-6). It was reported by making gold into amalgam with mercury. Heat 

drives the mercury off and the gold remains as a powder. Honey was also used for this 

purpose as it was added to the gold while grinding then washed out to reveal the gold 

powder. Pigments, such as iron oxide and cinnabar, were sometimes also added to the 

gold to obtain a desired shade (Williams and Ogden, 1994). 

As gold mines exploitation is Egypt commenced as early as the Pre-dynastic period, the 

source of the gold was highly likely to be local. Several mines were discovered from the 

Eastern desert down to Aswan (Ogden 2000). The purity of gold ranges from high 

purity to those containing 40% silver (Colinart, 2001) and about 1.4% copper 

(Hatchfield and Newmann, 1991). Some gilded artefacts has been analysed of which 

several were found to be consist of gold-silver-copper alloy (Colinart et al., 1997) gold 

and silver alloy (Scott and Dodd, 2002). In the gold-silver-copper alloy, the copper 

content was found as 15% of the alloy but was suggested to be derived from the 

underlying bronze. Also a gold-silver-sulfide (Ag-Au-S) of which sulfur could be 

corrosion phenomena (Colinart, 2001). 

Pure gold does not discolour but Egyptian gold contains a few amount of silver that may 

cause discolouration when exposed to sulfur dioxide (Frantz and Schorsch, 1990). 

Coptic icons were suggested to be gilded with gold foil on a thin yellow ochre layer for 

burnishing (Skalova and Gabra, 2003: 58). 

The varnish employed in ancient Egypt is fully discussed in chapter 3. Medieval and 

later varnishes are the concerned here. 

Three types of varnishes are historically recognized (Echard, 2007; Osete-Cortina, 

2006; Koller, 1997). It comprises solvent type varnishes, oil varnishes and resin-oil 

varnishes. 
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1. Solvent type varnishes 

Solvent type varnishes are produced by dissolving natural resins in a volatile solvent. 

The drying for these varnishes result from the evaporation of the solvent. Some times 

drying oils may be added in small proportion. This type of varnish comprises spirit 

varnishes and essential oil varnishes which consist of solution of natural resin in ethanol 

or in mixtures of essential oils (e.g. turpentine oil, spike oil, lavender oil). These 

essential oils consist of mixtures of mono- and sesquiterpenoids (Doménech-Carbó et 

al., 2008; Osete-Cortina et al., 2006; Mills and white, 1994: 95). Colophony was used 

to produce the cheapest varnish but it becomes brittle, easily flakes of the paint surface 

and becomes sticky under warm conditions (Koller et al., 1997: 162). 

2. Oil varnishes  

Oil varnishes are resin free varnishes and their drying ability enhanced by additives. 

Linseed oil is the commonly used oil in this type (Osete-Cortina et al., 2006; Koller et 

al., 1997: 162). Linseed oil was heated in an open vessel (270-300°C) and then a small 

amount of metal compounds were added and stirred until the oil becomes transparent. In 

the 18
th

 century the salt of silver, copper and lead and latter were replaced by metal 

oxides, oxide hydrate and acetates of lead, manganese and cobalt (Koller et al., 1997: 

163). 

3. Resin-oil varnishes 

Resin-oil varnishes comprise drying oils and natural resins in their solid varnish layer. 

In the 18
th

 century boiled linseed oil was used which is latter replaced by linseed oils.  

In case of Coptic icons, Skalova and Gabra (2003: 30) suggested that gum Arabic and 

egg white were employed as a varnish but with no analysis was applied. They also 

suggested that a red varnish was applied on top of the icons in Mount Sinai Monastery. 
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Looking at the surviving icons in Egypt, a gap between the 6
th

 and 7
th

 century icons and 

those painted in the 18
th

 century is present. This 1,000 year gap of icon painting in 

Egypt is, according to (Butler, 1884: 96) cited in (Hondelink 1992), due to the 

destruction of many icons between 1850 and 1860 by Patriarch Cyril V when too much 

veneration was given to the icons. Langen (1990) has also suggested that the lack of 

icons in this period was due to burning old and broken icons in order to prepare the 

Holy Myron. In addition, the repeated re-use of old panels that may have been 

encountered due to the short supply of wood in Egypt (Skalova and Gabra, 2003: 57). 

However, despite all this, many icons from the 18
th

 century have survived. Furthermore, 

50 icons dating to the Middle Ages (from 11
th

 -15
th

 centuries) were discovered (Skalova 

and Gabra, 2003: 110). 

In the second half of the 18
th

 century, a renewal of icon painting took place and several 

of these icons were painted by Ibrahim Al-Nasekh and Yuhanna Al-Armani who signed 

some icons together (Tribe, 2004). 

In Coptic icons, three different calendar systems were employed (Skalova and Gabra, 

2003: 139; Van Moorsel, 1991: 6); the Coptic, the Gregorian and the Islamic. The 

Coptic calendar according the Era of the Martyrs which abbreviated AM (anno 

martyrorum) (Skalova and Gabra, 2003: 139). This calendar counted from 1
st
 

September AD 282 to August 283 and the Islamic date which abbreviated AH (anno 

Hegirae) and started in AD 622, the year of Hijra when Prophet Mohammed flight from 

Mecca to Medina. The third calendar is the Gregorian which called “era of the 

incarnation and abbreviated AD (anno domini). This is supposed to commence from the 

Christ’s birth. To transpose these systems to the AD date, 284 years are added to the 

Coptic date while the Islamic date should be multiplied by 32 and divided by 33 and 

finally 622 should be added (Van Moorsel, 1991: 6). 
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4.2. The studied artefacts 

The icons selected for this study are arranged chronologically according to their date. 

Some icons which painted by the well-known painters in each period will be studied. A 

total of 23 icons have been examined of which one is dated to the medieval period, 16 

from the 18
th

 century (by three different painters) and 3 from the 19
th

 century. Six of the 

examined are neither dated nor signed and cannot be attributed to any of the known 

painters. Table 4.1 shows a list of all the studied paintings. 
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Table 4.1: The examined artefacts in this study 

(1) Coptic Icons 
Date Painter Icons  
Medieval    

 

 

 The Earthly life of the Virgin and Christ and His  Second Coming  

18
th

 century   

 • The Archangel Rafael  

 • Baptism of Christ  

 • St. Theodore  

 • St. Julious of Akfahs  

 
Ib

ra
h

im
 A

l-

N
a

se
k

h
 

• St. Ebskhyron El Qeleni  

   

 • St. Takla Hemanote  

 • The Archagel Michael  

 • St. John the son of Zabadi  

 • St. Mathew the Evangelist  

 • St. Andrew  

 

Y
u

h
a

n
n

a
 A

l 
-

A
rm

a
n

i 

• St. Sarabamon  

   

 • Vita icon of St. Mercurious  

 

M
a

tt
a

ry
 

• The three Hebrew in the Fairy 

Furnace  

 

19
th

 century   

 • St. Shenuda and St. Wessa  

 • Crucifixion and Lamination over the Dead 

Christ 

 

 A
n

a
st

a
si

 A
l-

R
u

m
i 

• Two Saints on Horses  

Not dated icons ?   

  • The triptych icon   

   • St. Takla 

   • The Archangel Michael  

   • Archangels  

  • Two icons from an Iconostasis  

   • Icon a 

   • Icon b 

  • The Archangel Surial  

(2) Wooden ceilings 
Date  The ceiling  

14
th

 century • The mosque of the Prince Shaikh  

 

 

• The Khanqah of the Prince Shaikh  

18
th

 century  • Ali Labib house  
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4.2.1. Icons dated to the Medieval Period 

Medieval icons of which 50 were discovered in Egypt (Skalova, 2004; Skalova and 

Gabra, 2003: 106-19; Skalova, 1995) can be divided into two categories. The first 

contains Byzentine and Crusader icons made at mount Sinia while the second is locally 

produced icons in the Nile Valley. The local icons were mostly produced as a result of 

cooperation between Coptic painters and craftsmen and Greek masters. 

The locally produced icons are mostly painted on Sycamore panels with the reverse 

decorated with wavy strokes in pink, brown and blue hues applied on white layer of 

plaster. A list of the Medieval icons found in Egypt can be found in Skalove and Gabra, 

(2003: 118-9). 

In this study, the icon of “The Earthly Life of the Virgin and Christ and His Second 

Coming” (figure 4.2) was examined. This icon is attributed to the locally produced 

group. 

 

 

 

 

 

 

 

 

 

Figure 4.2: The icon of the “Earthly Life of the Virgin and Christ and His Second Coming” 
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4.2.2. Icons dated from the 18th century  

4.2.2.1. Icons painted by Ibrahim Al-Nasekh (1740 – 1780) 

The Copt Ibrahim Al-Nasekh was a scribe, illuminator and icon painter. He worked 

between 1740 and 1780 and usually signed as “Al Haqir Ibrahim Al Nasekh” “the 

Humble Ibrahim the scribe” or “ABRAAM” as signed once in Harat Al Rum in Cairo. 

His signature was also found in a manuscript as Ibrahin Sam'an the brother of the 

Abbees of convent of Amir Tadrus in Harret Al-Rum (Skalova and Gabra, 2003: 137). 

Ibrahim Al-Nasekh learned his craft in a Coptic scriptorium and developed his style 

when working with another experienced Armenian painter, Yuhanna Al Armani. There 

are many icons signed by both painters (Skalova, 2003: 137-8). Ibrahim Al-Nasekh’s 

characters were painted flat with almond-shaped eyes. The upper eyelid overlaps the 

lower one at the end and eyebrows pass into one outline of the nose while the other is 

indicated by dark shades. Mouths are very small with a small curved line indicating the 

chin. The Halos portrayed as perfect circles (Van Moorsrel, 1991: 17) 

Five icons painted by Ibrahim Al-Nasekh were examined of which two hold his 

signature and the other three are attributed to him according to the painting style. The 

icons are all from Saint Mercurious church in Old Cairo. The icons are; “The Baptism 

of Christ” (figure 4.3) with registration number 69/1, the icon of "Saint Theodore Al- 

Esfehslar (Al-Qedees Tadrus)” (figure 4.6) with registration number 9/1, the icon of 

"The Archangel Rafael (Al-Malak Rafaiel)” (figure 4.7) with registration number 15/1, 

the icon of “Saint Yulus Al-Akfahsy (Yulus of Akfahs) (figure 4.4) which holds 

registration number 51/1 (figure 4.4) and the icon of “Saint Ebskhayron El-Qeleni” with 

registration number of 51/1 (figure 4.5). 
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Figure 4.5: The icon of “St. Ebskhayron El-

Qeleni” 

Figure 4.4: The icon of “St. Julius Al-

Akfahsy” (Yulus of Akfahs) 
Figure 4.3: The icon of “Baptism of Christ” 

Figure 4.6: The icon of “St. Theodore Al- 

Esfehslar” (Al-Qedees Tadrus) 
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4.2.2.2. Icons painted by Yuhanna Al-Armani (1742-1783) 

Yuhanna Al-Armani was born in an Armenian family in Jerusalem with a name of Ohan 

Karapetian (Tribe, 2004). When he moved to Cairo, he changed his first name to an 

Arabic name, Yuhanna and signed his icons as Yuhanna Al-Armani "the Armenian" or 

Yuhanna Al-Armani Al-Qudsi "Armenian from Jerusalem". In a few cases, different 

signature has been found such as “Hanna Karabid” referring to referring to his father. 

The production period of Yuhanna was between 1742 and 1783. Yuhanna Al-Armani 

mostly workedas as a wall painting painter in Jerusalem before the middle of the 18
th

 

century and his signature has been found on a wall painting in the Armenian cathedral 

of Jerusalem (Hondelink 1992). His style was also traced to a wall painting in Mari 

Mena church in Fom Al-Khalig in Cairo (Skalova and Gabra, 2003: 138). 

He painted his characters with depth and paid attention to details in garments and 

backgrounds. The mouths are round with very small lips and the hallos are painted by 

hand and are oval in shape (Van Moorsel, 1991: 17). 

Figure 4.7: The icon of "Archangel Rafael (Al-Malak Rafaiel)”  
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Six icons painted by Yuhanna Al-Armani were studied as part of this work. The signed 

icon of “St. Takla Hemanote the Ethiopian” with registration number 10/1 (figure 4.8), 

the icon of “St. John the son of Zabadi” 147/1 (figure 4.9), the icon of “The Archangel 

Michel”, 149/1 (figure 4.10), the icon of “St. Mathew” 153/1, the icon of “St. Andrew” 

19/1 and the icon of St. Sarabamon. The latter icon holds the registration number 32/14 

within the icons of St. Mena church in Fom El-Khaig. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.8: The icon “St. Takla Hemanote the 

Ethiopian” 

Figure 4.9: The icon “St. John the son of 

Zabadi” 
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Figure 4.10: The icon of “The Archangel Michel” 

Table 4.2: The main artistic difference between Ibrahim Al-Nasekh and Yuhanna Armani style  
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(a) 

(f) 

(e) 

(d) (c) 

(b) 

Figure 4.11: The characteristic features of both Ibrahin Al-Nasekh and Yuhanna Al-Armani (a) 

trees in Al-Nasekh’s icons (b) trees in Yuhanna’s icons(c) horse head in Yuhanna’s 

icons (d) horse tail in Yuhanna’s icons (e) horse tail in Al-Nasekh’s icons (f) horse 

head in Al-Nasekh’s icons 
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4.2.2.3. Icons painted by Mattary (around 1730) 

The icons attributed to Mattary have been recently discovered with no signature or 

dates. His name was recently discovered in an inscription on a triptych in the Syrian 

monastery in Wadi Al-Natron (Van Moorsel, 1991: 47) in which he signed "painted by 

the humble Mattary, give him a gift". The only dated icon showing his style is also to be 

found in the Syrian monastery and dated to the end of the 17
th

 century. Mattary painted 

a series of icons that can be found in many churches in Cairo and monasteries of Wadi 

al-Natrun. He also worked as a scribe or manuscript illuminator and as an icon restorer 

as some icons painted on gesso were restored by using his own special technique.  

Mattary’s icons have an Islamic style with Seljuk-Turks and Mongol influences and 

were known as Mameluke icons (Skalova and Gabra, 2003: 132). All the cloths in the 

painted figures are of Arabic style decorated with floral and geometrical patterns, male 

saints wear Seljuk caps, Arabic coftans and coats, female saints wear veils instead of 

maphorions, blue necklaces and loose trousers or skirts. Mattary’s figures wear a red 

morocco boots (Skalova and Gabra, 2003: 134). Mattary painted straight unusual bodies 

with very large heads compared to the overall body. The eyes are almond-shaped with 

curved eyebrows (Van Moorsel, 1999: 47). 

The techniques used in these icons are unique. They sometimes painted directly on 

canvas, wood or in most cases on paper ground layers, instead of gesso, which is 

mounted on wooden panels covered with canvas. It was suggested by Skalova and 

Gabra (2003: 134) that animal glue is the paint media used in the paint layers which are 

mostly use limited pigments such as orpiment, yellow ochre, malachite and Smalt. 

In this study two icons attributed to Mattary have been studied. Both are from St. 

Mercurious church in Old; "Three Hebrews in the Fiery Furnace" (figure 4.13) and the 

central part of a medieval icon “Vita Saint Mercurious” (figure 4.12) that was restored 

by Mattary. 
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4.2.3. Icons dated to the 19th century 

4.2.3.1. Icons painted by Anastasy Al-Romi Al-Qudsi (1832-1871) 

Anastasy, or Eustathius, Al-Romi who was Greek from Jerusalem as he sometimes 

signed his icons "Anastasi the Greek from Jerusalem". He worked between 1832 and 

1871 and was the most famous icon painter in Egypt during this period who painted 

over 300 icons in the churches of Old Cairo and many more elsewhere. 

In the 19
th

 century, most Coptic icons were painted on canvas. However, Anastasi 

painted his icons on wood. His icons normally include Arabic text stating his name, the 

date and in some cases, the sponsor who donated the icon to the church. The biggest 

icon collection of Anastasi, comprising 23 icons, is to be found in the church of St. 

George (Mari Girgis) in Old Cairo (Meinardus 1970-71). Anastasy’s painting style is far 

different to those of Ibrahim and Yuhanna. He painted human figures with small oval-

shaped heads of round shape. The eyes are painted in a small almond-shape under 

Figure 4.12: The vita icon of St. Mercurious 

 

Figure 4.13: The icon of “The Three Hebrews in 

the Fiery Furnace 
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strong curved eyebrows. The mouth is small and the nose in most cases is outlined from 

one side (Van Moorsel 1991). 

In this study one signed icon of Anastasi Al-Romy and two icons attributed to him have 

been examined. The signed icon is the icon of “St. Shenuda and St. Wessa” (figure 

4.14) which holds the registration number of 57/1, the others are the “icon of 

Crucifixion and the Lamination over the dead Christ” with number 24/1 and the icon of 

“Two Saints Riding on Horses” with the number 49/1. 

 

 

 

 

 

 

 

 

 

 

 

4.2.4. Icons neither dated nor signed 

Figure 4.14: The icon of “St. Shenouda and St. Wessa” 
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A group of six unsigned icons and not specified to any of the previously discussed 

painters were also studied. The main purpose for this study, in addition to identification 

of the materials applied, is dating these icons according to the pigment pallets used. 

These icons are the icon of Archangel Surial with a registration number 109/1 and a 

group of three icons, with the same size 32 by 24, these icons were displayed in the 

church as a triptych icon. They hold the same registration number 42/1 with a, b and c. 

As normally displayed, the middle icon represent the figure of Saint Takla Hemanote 

the Ethiopian, registration number 42/1 c (figure 4.17c) flanked on the right hand side 

by the icon of “An Angel is Holding a Sword”, registration number 42/1b (figure 4.17a) 

and the icon of “angels are standing”, registration number 42/1 a (figure 4.17b) on the 

left hand side. These icons are known in the church as Ethiopian icons due to dark 

complexion of the painted figures and their style looks different to traditional Coptic 

iconography. 

The next two icons are parts from an iconostasis consisting of a group of six icons. They 

hold the registration numbers 138/1 and 140/1 among the church’s icons. 

 

 

 

 

 

 

 

 



Chapter 4 Materials and Methods 

 95 

 



Chapter 4 Materials and Methods 

 96 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.17: A group of three icons 

that form a triptych icon 
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4.2.5. Wooden ceilings in Islamic architecture 

No peer reviewed literature has been found relating to the classification or description 

of Islamic wooden ceilings. However an unpublished report (Report 2004) mainly 

concerning conservation of a wooden ceiling of the Khayerbek mosque from the 16
th

 

century gave a descriptive image of the ceiling’s construction and the pigment analysis. 

The wooden blanks comprising the ceiling was first treated with a thin layer of gesso 

combined with animal glue on which a preliminary drawing was applied by a thin brush 

as a dark thin line. Next, a thick layer of gesso was applied to build up the characteristic 

ornamental motifs with a technique called Pastiglia technique. A blue paint was applied 

on the whole ceiling followed by the preliminary drawing. Then the details were added. 

Figure 4.18 illustrated a diagram showing the construction of the frieze which lies under 

the ceiling. 

 

 

 

 

 

 

 

 

 Figure 4.18: Schematic drawing showing the layered structured of the friez in Khayerbek ceiling 
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In this study, three wooden ceilings were examined of which two are dated to the mid-

14
th

 century; the mosque and khanquah of Prince Shaikhu in Cairo, Egypt. The mosque 

was built in 1349 A.D. by Prince Shaykhu al-`Ameri al-Nasiri, one of the Mamluks of 

Al-Nasir Muhammad Ibn Qalawun. The Khanquah was built for the same Prince in 

front of the mosque, in which he was buried, five years after the mosque hah been built. 

The mosque and the Khanqah are situated in the Salibah area in Cairo. Figure 4.19 

shows Shaikhu mosque ceiling and details. 

The third is an ottoman style building dated from the 18
th

 century and was built by 

Omar and Ibrahim Al-Malately. It was used at one time as a residential house for artists 

and was known at that time as “Maison des Arts”
 
(Williams 2002). Figure 4.20 shows 

“Ali Labib House” ceiling and details. 

 

 

  

 

 

 

 

 

 

 

 

Figure 4.19: The wooden ceiling of the mosque of “The Prince Shaikhu”, inserts: detailed image from 

the ceiling 
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Figure 4.20: The wooden ceiling of “Ali Labib house”, insert: detailed image from the ceiling 
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4.3. Methodology 

4.3.1. Sampling overview 

Paint samples were taken from the very edges of the object or from damaged areas 

using a scalpel and placed in plastic vials. First, samples were analyzed by light 

microscopy. A small part of each sample was then embedded in a transparent epoxy 

resin and studied under optical microscopy to reveal their layered structure. Then the 

samples were studied using Raman microscopy, SEM-EDX and FTIR. Different paint 

fragments were subjected to analysis using GC-MS to examine the binding media and 

varnishes employed in these objects. The following flow chart (figure 4.21) shows the 

sequence of these analyses. 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.21: Flow chart showing the sequence of the experimental work undergone 
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4.3.2. Introduction to the preparation of paint cross sections 

The multi-layered paint structure was prepared in cross section and embedded in a 

polyester or epoxy resin to facilitate the ease of handling of the paint samples and 

prevent the disintegration of these friable samples during analysis (Wachowiak, 2004; 

Derrick, 1994; Tsang, 1991). 

The first published data concerning the use of cross-sections of paint films was reported 

by Gettens (1932) and Plesters (1956). The reasons and the methodology for using paint 

cross-sections are discussed by (Eastaugh 1989, 1996; Byrne 1976). Basically, there are 

three main methods in preparing paint cross-sections; “flat embedding”, “capsule 

embedding” and “slotted-capsule block” techniques (Martin, 1991) (Figure 4.22). The 

flat embedding method requires a silicon rubber mould which is flexible enough to 

release the cured resin block. The sample is positioned in a cavity that has been half 

filled with cured and the sample then coveredwith fresh resin. This technique is the 

most widely used in conservation laboratories. The capsule embedding technique is 

carried out in single step in which a toothpick or similar probe is adhered to the sample 

and used to orient it in the desired position. Then the capsule is filled with resin. The 

slotted-capsule block is the technique in which a shaped block of resin is cut and the 

sample inserted into the slot which is then filled with resin (Figuer 4.23). 

Development of these three methods to achieve the efficiency for a high quality results 

are discussed by (Derrick, 1994; Tsang, 1991). Khandekar (2003) has published a 

historical review of the materials and methods in easel painting conservation studies 

including the reasoning and justification for sampling, sampling methods, mounting, 

grinding, polishing, analytical techniques and long term degradation. 

Another extensive study by (Wachowiak, 2004) outlined many procedures for 

embedding paint samples with effective discussion about choosing the best mould, 
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resin, labelling and grinding materials, in addition to describing new embedding 

methods using a capsule or tablet-shaped moulds. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.23: Diagram of half and full tablet (Wachowiak 2004) 

Half-tablet with sample at tip Full tablet ready to mill or polish 

Figure 4.22: Schematic representation of three techniques used in preparation of cross-sections for 

microscopic examination (Khandekar 2003) 
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4.3.3. Preparation of paint cross-sections 

While working following the methods mentioned in literature (Wachowiak, 2004; 

Derrick, 1994; Tsang, 1991), some problems were encountered. When the sample was 

mounted in the half filled mould, the sample must be put in the middle of the cavity to 

avoid the surface tension curved edges adjacent to the cavity wall which makes the 

sample far from the surface of the resin block and results in the need for more grinding 

(Figure 2.24). Also the small size of the block makes it difficult to obtain an even 

surface which is required for microscopy. So using plasticine or parallel press 

preparations is necessary to achieve a perfectly horizontal sample. 

 

 

 

 

After several trials, an adapted method was used to prepare pigment cross-sections 

trying to avoid all the previously reported problems (Figure 2.25). In this method two 

rubber moulds were used; the flat embedding and the cylindrical moulds. First, a paint 

sample was mounted in the cavity of the flat embedding mould, with the original paint 

surface facing down directly in to the mould. The mould was filled with resin and left to 

cure over night. Then the obtained resin block (figure 2.25, a) was positioned vertically 

in the cylindrical mould, sample facing down (figure 2.25, b). A paper label was 

positioned in the cylindrical moulds, facing out. The resin was poured to cover the resin 

block and left overnight until cured. Then the resin cylinder was ground using silicon 

carbide grinding papers of different grades. In this method little grinding was needed, as 

the sample is near the surface of the cylinder. It also does not need plasticine or parallel 

press preparations because the resin cylinder size allows grinding to be controlled. The 

Curved edges 

Figure 4.24: The curved walls in the half filled flat mould 
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achieved cross-section (figure 2.25, c) can be easily handled, evenly polished, examined 

and stored. 

 

 

 

 

 

 

4.4. Analytical techniques used 

The main techniques used in this study are optical microscopy to reveal the surface 

topography and the layered structure of the paint layers, Raman microscopy to reveal 

the pigments and pigments’ mixtures employed in each paint layer, gas 

chromatography-mass spectrometry to reveal the type of varnish applied and FTIR to 

examine the paint media used in Coptic icons. 

Complementary techniques were sometimes used in specific cases such as using SEM-

EDX for pigment analysis when the Raman microscope failed to give any spectrum and 

also in case of degraded samples when certain information is needed.  

 

 

 

 

Figure 4.25: The three stages of preparing paint cross-sections 
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4.4.1. Background to the analytical techniques  

4.4.2. Optical microscopy 

Normal visual light microscopy is the most common imaging techniques in the 

investigation of paint cross-sections. It is used to investigate the colour, thickness, and 

particle size distribution of the different layers (Stuart, 2007: 81). It is also used to 

monitor the reactions undergone on the sample by microchemical analysis (McCrone 

1986). 

Unmounted samples and mounted cross-sections were studied using an Olympus BX 

41M microscope equipped with an Olympus DP 70 digital camera. The 

microphotographs were taken using an SIS Soft Imaging System 3.2 software package. 

The magnification varied from x50 to x500 depending on the size of the samples. 

4.4.3. Molecular spectroscopy 

Spectroscopy is the analysis of electromagnetic radiation absorbed, emitted or scattered 

by a molecules or atoms as they undergo transitions between energy levels  

(Stuart, 2007: 109). In this section, more emphasis is given to Raman spectroscopy as 

the main analytical technique used. 

4.4.3.1. Raman spectroscopy 

Introduction to the Raman Effects (Pollard, 2007: 83-84; Staurt, 2007: 136; Cariati, 

2000; Skoog, 1998: 429-431)  

Raman Spectroscopy is a technique involves the study of the way in which radiation is 

scattered by a molecule. The radiation source may be in the, near ultraviolet, visible or 

near infrared region of the spectrum.  
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When the electromagnetic radiation irradiates the sample, it can be transmitted, 

absorbed or scattered. A small percentage of the radiation is scattered most of which has 

the same frequency of the incident radiation producing the effect known as Rayleigh 

scattering (elastic scattering). On the contrary, when the scattered radiation has either 

higher or lower frequency with respect to the incident one, it is known as Raman 

scattering or Raman Effect (inelastic scattering). 

The line (bands) in the resulting spectrum corresponding to radiation of elastically 

scattered radiations is called the Rayleigh line, while the other lines are called Stokes 

and anti-Stokes lines. As illustrated in figure 4.26, if the photon having energy hν0 

irradiates the molecule, two different events can take place. In one instance, the 

frequency of the radiation is suitable to induce the transition of the molecule towards 

one stationary excited state (electronic absorption). In the other instance, when the 

frequency of the radiation is not appropriate to induce this effect, the molecule itself 

will occupy a nonstationary state (virtual state) (arrows in figure 4.26). 

Relaxation from this virtual state (energy diffusion) to the ground vibrational state 

occurs. If the scattered photon has the same energy as the excited photon, the Rayleigh 

scattering is observed (ν = 0). Rayleigh scattering, therefore, gives no information 

regarding the vibrational energy levels of the sample (Smith and Clark, 2004).  

When a photon loses or gains energy to scatter inelastically at energies below [h(ν0 - 

ν1)] or above [h(ν0 + ν1)] the Rayleigh photons, a set of frequency-shifted ‘Raman’ 

photons are generated. Those below the Rayleigh lines, in wavenumber terms, represent 

energy lost and are called Stokes lines and those above represent energy gained and are 

called anti-Stokes lines. 

However, because the majority of the molecules are in the ground vibrational state at 

room temperature, the Stokes lines are stronger compared to the anti-Stokes lines and 

are the ones examined in the Raman spectroscopy. 
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All vibrational energy levels of a molecule are capable of absorbing both IR and Raman 

radiation. Therefore, the Raman and IR spectra for a sample often resemble one another 

quite closely. However, there are enough differences between the kinds of groups that 

are infrared active (produce change in dipole moment) or Raman active (produce 

change in polarisation) to make the techniques complementary rather than competitive 

(Skoog et al., 1998: 429). 

It is worth noting that Raman microscopy is the ideal technique for pigment analysis 

because this technique combines reliability, sensitive and non-destructive analysis 

(Clark, 1995). No damages or alterations occur to the sample, which enables further 

investigations even on the same spot, with another laser wavelength or with another 

technique (Coupry, 2000). 

 

 

 

 

  

 

 

 

 

 

 

 

The analysis is also performed without sample preparation and the excitation beam can 

be focused on a very small spot or a pigment grain, which enables the analysis of paints 

Figure 4.26: Origin of Rayleigh and Raman scattering (Smith and Clark, 2004)  
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made up from mixture of pigments. It is also sensitive to both composition and crystal 

form (Rull 2005). For example it can discriminate between the three crystal 

modifications of the lead white, namely, rutile, anataze and brokite, and to distinguish 

between two green pigments with the same elemental composition (copper, carbon and 

oxygen) such as malachite and virdigris (Coupry, 2000). 

The high level of background fluorescence is the main problem in the analysis of 

archaeological pigments. It often occurs due to impurities or organic materials in the 

samples such as media and varnishes. This problem is very difficult to solve. However, 

a prolonged exposure to the laser excitation may decrease the relative level of the 

fluorescence. It is also possible to investigate different spots from the same sample 

looking for an area with low fluorescence i.e. low organic material exists as the organic 

material does not distribute evenly within the sample (Coupry, 2000). 

Raman spectroscopy has been used extensively in the analysis of dyes and pigments 

used in different artefacts such as wall paintings (Vandenabeele et al., 2005; Ambers, 

2004; Perez-Alonso et al., 2004; Wang et al., 2004; Perardi et al., 2003; Edwards et al., 

2002;  Melessanaki et al., 2001; Edwards et al., 1999a; Perez et al., 1999; Zuo et al., 

1999; Edwards et al., 1997b), books and manuscripts (Robin and Clark, 2006; Rull et 

al., 2005, Hayez et al., 2004; Melessanaki et al., 2001; Smith et al., 2001; De Reu et al., 

1999; Vandenabeele et al., 1999; Clark 1995a), icons (Abdel-Ghani et al., 2009, 2008, 

2006; Burgio et al., 2003; Daniilia et al., 2002), funerary artefacts (Edwards et al., 

2004a, b). In addition, waxes, resins and paint media (Vandenabeele et al., 2000; 

Edwards et al., 1998, 1997a, 1996a, b) have been also studied. 

An “In Via” Renishaw Raman spectrometer was used in the current work, consisting of 

a confocal Raman microscope (50x objective lense) with a spectral footprint of about 2 

microns and up to 100 spectral accumulations, 2 cm
-1

 spectral resolution, operating with 

a laser wavelength of 785 nm and with a CCD diode array. The time required for 

obtaining each spectrum was about 10 minutes. 
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Fourier transform (FT) Raman spectra were collected using a Bruker IFS66/ FRA106 

instrument with a detected Raman microscope attachment and an Nd
3+

 / YAG laser 

operating at 1064 nm in the near infrared region. The wavelength recorded was typically 

3800-100 cm
-1

 at spectral resolution of 4 cm
-1

 with spectral accumulation of 4000 scans. 

Raman spectra were subjected to baseline correction and smoothing using a GRAMS/AI 

package prior to stack plotting for visual comparison and identification purposes. All 

Compounds were identified by comparing their characteristic vibrational spectra with 

those in databases of reference libraries of Raman spectra for mineral (Edwards et al., 

2000; Coleyshaw, 1994; Griffith, 1987), minerals and organic pigments (Burgio, 2001; 

Bell, 1997). 

4.4.3.2. Fourier-Transform Infrared Spectroscopy (FTIR)  

The infrared spectrum is obtained by passing infrared radiation through a sample and 

determining the absorbed fraction of the incident radiation at a particular energy. 

Infrared is active when a molecule undergo a change in dipole moment as a 

consequence of its vibrational or rotational motion either as a change in the interatomic 

distance along the axis of the bond between two atoms (stretching vibrations) or in the 

angle between two bonds (bending vibrations). The stretching modes varied as it may 

occur in-phase (symmetric stretching) or out-of-phase (asymmetrical stretching) while 

the bending vibrations are of four types; scissoring, rocking, wagging and twisting 

(Pollard, 2007: 77-80; Staurt, 2007: 110; Skoog, et al., 1998: 380-1; Derrick, 1999). 

FTIR has been used successfully in investigation of paint media (Daniilia et al., 2008b; 

Castro, 2007; Maier, 2007; Regert, 2006; Colombini, 2004; Mazzocchin, 2003; 

Daniilia, 2002; Meilunas, 1990), organic and inorganic pigments (Daniilia et al., 2008b; 

Canamares and Leona, 2007; Goodall et al., 2007; Brecoulakia et al., 2006; Regert et 

al., 2006;  Dines and Onoh, 2004; Rosi et al., 2004; Castro et al., 2003; Genestar and 
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Pons, 2003; Mazzocchin et al., 2003; Daniilia et al., 2002) and varnishes (Doménech-

Carbó et al., 2006; Carbó et al., 1996).  

In this study a Digilab Scimitar UMA 400 instrument operating over the wavenumber 

range 3500-400 cm
-1

 was used. The samples were ground finely with anhydrous 

potassium bromide (KBr) and the powder mixture was then crushed in a mechanical die 

press to form a translucent disc. All spectra were collected in absorbance mode at 4 cm
-1

 

resolution, representing averages of 128 scans. In some instances, ATR devices 

(continuum microscope with a silicon crystal and an endurance single bounce ATR, 

based on a diamond crystal) was used for acquiring the IR spectra. 

4.4.4. Scanning electron microscopy coupled with energy dispersive X-ray 

analysis (SEM-EDX)  

SEM is an established technique in technical painting studies. Separate layers, pigment 

particles and organic constituents can be examined well in paint cross-sections. The 

backscattered electrons (BSE) enable a good compositional contrast within the paint 

cross-section, because heavy elements with high atomic numbers result in higher 

electron back scattering than lighter elements. Electron beam induced X-rays analyzed 

with an energy dispersive detector (EDX) results in a semi-quantitative spectrum of the 

elements in the paint cross-section. Elemental mapping gives information on the 

distribution of these elements in and between the particles in the paint layers. 

The SEM-EDX was used to identify elements in the paint samples and other materials 

that make up paintings (Mazzeo 2006; Ajo 2004; Mazzocchin 2003; Rampazzi 2002; 

Daniilia 2000), in addition to alteration products in pigmented layers such as those 

containing smalt and bone black (Santopadra, 2006; Boon and Boer, 2001; Van Loon, 

2004). 

It is worth noting that some problems may be encountered when examining 

nonconductive samples, such as some paint samples. When the electron beam strikes 
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the paint surface, the electrons that are absorbed accumulate on the surface, and this 

builds up a charged region that prevents the formation of high-quality images. In 

addition, pigments with different mineral phases which have the same elemental 

composition cannot be discriminated, for example, orpiment and realgar, and lead 

carbonate and lead hydroxycarbonate. 

In this study, a FEI Quanta 400 instrument equipped with an INCA EDX detector run 

with the INCA energy software was used. The determination of the elemental 

composition was carried out at an acceleration voltage of 20 eV, a life time of 400s, 

CPS~12500 and a working distance of 11 mm. The Scanning Electron Microscope 

(SEM) used in a low-vacuum mode in which samples need no coating with a conductive 

film of gold or graphite to avoid any possible damage of the samples. Also, such 

uncoated samples remained suitable for further or repeatable investigation. The back-

scattered electron (BSE) detector was used which provided the topographical and 

compositional information in one images. 

The acquisition time for EDS qualitative and quantitative analyses was approximately 

100 s, while for mapping analyses the acquisition time was between 500 and 600 s. The 

self-calibration of the EDS was made before testing with a cobalt standard. 

4.4.5. Gas chromatography - mass spectrometry (GC-MS) 

Gas chromatography - mass spectrometry (GC-MS) is based on the principle of moving 

the electrically charged ions or molecules through an externally imposed electric and/or 

magnetic field which is controlled by their atomic masses (mass to charge ratio, m/z). 

This implies separation of charged particles of different masses (Pollard et al., 2007: 

161; Evershed, 2000; Skoog et al., 1998). 

GC-MS is an ideal method for the analysis of varnishes and media at a molecular level. 

It is capable of the analysis of micrograms amounts of sample which is available in 

panel paintings. Furthermore, it allows separation of the individual molecular species 
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with on-line mass spectrometric analysis of the eluting components. It provides detailed 

chemical information of the molecular weight and structure assignment on the basis of 

fragment ions and relative retention times. This capability allows structure elucidation 

of components of complex mixtures, with further possibilities for their detection and 

quantification at trace levels in complex matrices. 

However, the disadvantage of this technique is the need of destructive sample 

preparation and the difficulty of dissecting different applied paint layers. Moreover, 

sample preparation is complex and time consuming which makes the studies based on 

the monitoring alteration processes difficult due to the large number of measurements 

that must be periodically done in a large set of samples (Doménech-Carbó, 2008). 

Gas chromatography - mass spectrometry was used to examine proteinaceous paint 

media (Pitthard et al., 2006; Prikryl et al., 2006; Colombini and Modugno, 2004; 

Gimeno-Adelantado et al., 2002 Colombini et al., 1999; Colombini et al., 1998; 

Schilling and Kanijian, 1996; White, 1984), adhesives (Castellani et al., 2001; 

Schneider and Kenndler, 2001), plant gums paint media (Bonaduce et al., 2007, Bleton 

et al., 1996) and paint varnishes (Abdel-Ghani et al., 2008; Echard et al., 2007; Caruso 

et al., 2007; Vieillescazes et al.,  2005; Colombini et al., 2000; Van der Doelen et al., 

1998). It is also used to monitor the alteration process of  terpenoids due to mixing with 

pigments (Doménech-Carbó 2008). 

In this study, analysis was carried out by combined gas chromatography-mass 

spectrometry (GC-MS) using an Agilent 7890A Series GC connected to an 5975C Inert 

XL mass selective detector. The splitless injector and interface were maintained at 

300°C and 340°C respectively. Helium was the carrier gas at constant inlet pressure. 

The temperature of the oven was programmed from 50 °C (2 min) to 340 °C (10 min) at 

10 °C/min. The GC was fitted with a J&W Scientific DB-5MS 15m X 0.250mm 0.25 

micron film thickness fused silica column. The column was directly inserted into the ion 
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source where electron impact (EI) spectra were obtained at 70 eV with full scan from 

m/z 50 to 800. 

Sample preparation for GC-MS analysis 

All glassware was rinsed with DCM three times before usage and nitrile gloves were 

worn at all stages of preparation in order to minimize contamination. 

All paint samples were extracted with 3 aliquots of approximately 3 drops of 

dichloromethane: methanol (DCM: MeOH) (2:1, v/v) by ultrasonication for 5 minutes. 

The extracts were combined in a clean glass vials and evaporated to dryness under a 

gentle stream of nitrogen gas and then derivatized. Extracts were derivatised with 

excess bis(trimethylsilyl) trifluoroacetamide (BSTFA) with trimethylchlorosilane 

(TCMS) (Pierce). Excess derivatising agent was removed under a stream of nitrogen. 

Each sample was diluted in 10µl DCM for analysis by GC-MS. 

4.5. Overview 

In this chapter, the background to the chosen paintings, especially Coptic icons as 

comprising most of work undertaken, was introduced. The layered structured of Coptic 

icons including wooden panel, canvas, white ground layer, gilding layer and varnish 

layer was discussed. In addition, the date of the surviving icons and the calendars used 

in dating those icons were also introduced. The chosen icons and wooden ceilings in 

this study were organized into groups according to the painters, if known, in which the 

sequence of dates is considered. Moreover, the history of each painter and his painting 

style were fully reported. 

The strategies used in this study were introduced; including sampling, cross-section 

preparations, analytical instruments used in the microscopic, elemental and molecular 

analysis. A new strategy was employed for the preparation of paint cross-sections, 
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which combined both simplicity and accuracy in order to facilitate successful optical 

examination. 

In the next chapter, the results revealed from the examination of a Coptic-Byzantine 

icons dated to the medieval period was discussed. 

 


