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HIGHLIGHTS  GRAPHICAL ABSTRACT 

• Investigating wood samples cov-

ered with preparation layers, simi-

lar in composition to ancient paint 

grounds 

• Assessment the penetration depth 

of preparation layers -inside native 

Ficus sycomorus (sycomore fig), 

Tamarix sp. (tamarisk wood) and 

Acacia sp. (acacia wood) after sub-

jecting to natural and accelerated 

aging. 

• Determination of the factors on 

which penetration of the prepara-

tion layers within wood structure 

depend on. 

• Elemental analysis of the seven 

wooden samples of each of the 

three wood types was conducted. 
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The preparation layers (gesso) applied on 

archaeological wood have a slightly de-

grading effect on the wood surface that lies 

directly beneath them. This research seeks 

to investigate the effect of preparation lay-

ers according to their penetration depth 

within the wood using SEM-EDX. Native 

Ficus sycomorus (sycomore fig), Tamarix 

sp. (tamarisk wood) and Acacia sp. (syn. 

Vachellia sp., acacia wood) and six types of 

preparation layers, similar in composition 

to ancient paint grounds were chosen for 

this study. 
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SEM-EDX; wood; preparation lay-

ers; penetration; elemental analysis.  
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For investigation and analysis, samples were taken from the wood at a depth of 5 mm 

directly below the substrate, after exposing the samples to natural and accelerated 

(light and heat) aging, which simulated partially the natural ageing process of ancient 

Egyptian artifacts. Results of investigation and analysis were compared with results 

obtained from the control wood samples that had not been covered with any prepara-

tion layers. The results concluded that penetration of preparation layers inside the 

wood structure is totally dependent on three factors; first, the wood type which dif-

fered in pore size, second, the mineralogical composition of the preparation layer ap-

plied on the wood, and third the binding medium used. 

 

1. Introduction 

Over the centuries preparation layers 

have always been used to cover wood for 

decorative purposes in Egyptian artifacts 

or architectural elements, such as ceilings 

and domes. Also, medieval churches con-

tain a variety of polychrome wooden 

sculptures and ceilings [1, 2]. Polychro-

matic surface was a decorative technique 

that involved the application of pigments 

over layers of ground, which consisted of 

various materials known as preparation 

layers [3, 4]. The composition of these 

layers varied and so did the type of wood 

substrate [5]; forming multi layered 

composite structure. Each and every lay-

er of polychrome wooden artifacts has 

different physical and chemical proper-

ties, and the addition of a binding media 

also plays an important role during appli-

cation. Chemical reactions occur during 

the preparation process, but at some point 

the artifact reaches a certain equilibrium 

state. As long as environmental condi-

tions remain unchanged the different lay-

ers are stable; yet any change in condi-

tions will result in alterations in the lay-

ers [1, 5], which are one of many reasons 

for the state in which the artifacts have 

reached us today. Therefore it is not only 

the material or individual wooden ele-

ment that has to be studied, but also the 

structure as a whole; especially because 

preparation layers can often be detected 

while examining wood in a lot of archae-

ological artifacts in museums and mon-

uments [6].  

Carbon, hydrogen, oxygen and small 

amounts of nitrogen are the main ele-

ments that form the main wood compo-

nents. Other elements, such as calcium, 

are present if crystals are naturally 

formed within the cell walls. Some spe-

cies of Acacia sp., Ficus sp. and Tamarix 

sp. contain crystals within the parenchy-

ma cells and rays. Acacia crystals are 

presumed to be composed of calcium ox-

alate, which is a reason for the presence 

of calcium in that type of wood [7]. Cal-

cium is also a main component in prepa-

ration layers composed of either chalk or 

gypsum, making the interpretation of el-

emental analysis of wood slightly confus-

ing    . 

Few researches were done to study the 

preparation layers that were used to cover 

the wooden supports, their composition 

and their impact on each other [8]. 

Wood, like any other organic material is 

perishable, yet if kept in dry conditions; 

it can remain in relatively good condi-

tions, not only for centuries, but also mil-

lennia. There are very good examples of 

wooden boats dating back to the first 

Dynasty from Abu Rawash in Egypt, 

where the wood had been buried in the 

sand at a depth of approximately 50 cen-

timeters for almost 5000 years. Although 

the wood had been exposed to daily tem-

perature fluctuations, rain, insect infesta-

tion and microbial decay during its years 

of burial, yet it the main wood carving 

techniques were technically visible [9]. If 

the Abu Rawash boat had been kept in an 

intact burial pit, such as the boat of Che-
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ops, which remained buried for around 

4500 years [10], the wood would not 

have deteriorated that badly. Ancient 

Egyptian polychrome artifacts have been 

exposed to various factors, exactly like 

the above mentioned examples, therefore 

their state of preservation varies accord-

ing to burial conditions, and it is ex-

tremely difficult to treat any of these arti-

facts alike, because each one decays in a 

different manner . 

For this paper it was necessary to elimi-

nate the different deteriorating factors, 

and concentrate only on one general 

point that has affected the wood surface 

throughout Egyptian history since the 

introduction of polychromy in the early 

dynasties, namely the components that 

were used to cover the wood, that has 

remained almost intact inside the burial 

chambers. The aim of this research is to 

look closely at how deep the components 

of preparation layers penetrate the sur-

face of three types of native Egyptian 

wood types commonly used throughout 

history in furniture making and structural 

assemblies in buildings. 

       

2. Materials and methods 
 

2.1. Samples: 
Samples (approx. 1 x 1 x 2 cm) had been 

cut out of wood, each of which had been 

previously coated with a thin layer of one 

of six different preparation layers pre-

pared for the preliminary study that fo-

cused on the effects of preparation layers 

on three native Egyptian wood types 

commonly identified in artifacts dating 

back to different eras. These previously 

prepared samples, composed of Ficus 

sycomorus (sycomore fig), Tamarix sp. 

(tamarisk wood) and Acacia sp. (syn. 

Vachellia sp, acacia wood) had been 

covered with preparation layers that con-

sisted of commercially available hydrated 

calcium sulphate (CaSO4·2H2O), and 

lime plaster or calcium carbonate (Ca-

CO3) [8]. Throughout history wood was 

usually cut along the grain, and from 

workshop scenes, it is assumed that the 

timber logs were plain sawn. Usually the 

tangential plane or surface of the wood 

would have been covered with the prepa-

ration layers, and accordingly the tangen-

tial surface of all experimental samples 

was covered with the preparation layers.      

Samples of untreated wood were the con-

trol samples and both their structure and 

chemical composition were referred to 

for interpretation of results. The six prep-

aration layers were divided into 3 main 

types;  

Type one: Preparation layer containing 

calcium carbonate 

Type two: Preparation layer containing 

gypsum 

Type three: Preparation layer containing 

a mixture of 85% calcium carbonate and 

15% gypsum 

All wood surfaces were wetted prior to 

application of the preparation layer. Each 

type of preparation layer was prepared 

once by mixing with water only and once 

by mixing with an animal glue solution 

(1glue: 15 water v/v), then the three 

wood types were covered with all six 

preparation layers, making a total of 18 

different samples. 

 

2.2. Accelerated Aging 
There is so far no standard for accelerat-

ed ageing, which would simulate the var-

ious decay factors that affect ancient 

Egyptian wooden artifacts, therefore the 

following procedure was conducted to 

trigger off decay similar to what may 

happen in an artifact during its early 

years of burial. The blocks were stored 

for a total of three years in a lab (normal 

weather conditions in Greater Cairo). Af-

ter that period the samples were exposed 

to two artificial ageing procedures. First-

ly, they were light aged by exposure for 5 

hours to UVA (4.465 mW/cm
2
) and UVC 

(2.394 mW/cm
2
) at a stable temperature 

of 25.5 ±1
°
C and relative humidity 32±4 

%. Secondly, they were heat aged in 
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Binder 924030000200 oven for 240 

hours at 80
°
C and 65% RH. 

 

2.3. Scanning (SEM) and Environ-

mental Scanning Electron Mi-

croscope (ESEM) and EDX 
The reason for choosing this investiga-

tive method is that most of the research 

conducted on archaeological samples de-

pends heavily on this method, and for 

comparison in future research it is neces-

sary to have images taken at different 

magnifications with a scanning electron 

microscope. A total of 21 wood samples 

were studied using scanning electron mi-

croscope (SEM) and environmental 

scanning electron microscope (ESEM).  

The preparation layer was carefully re-

moved from the wood, without causing 

any abrasion to the surface. 

For SEM the samples were mounted on 

aluminum stubs with double-sided cello-

phane tape. After gold coating using a 

Polaron sputter coater, the samples were 

examined by SEM (JEOL scanning elec-

tron microscope JXA-840A). The SEM 

study was performed to document the 

wood interface surface that lay beneath 

the preparation layers.  

ESEM samples were small pieces of an 

appropriate size from wood taken at a 

depth of 5mm from the wood interface. 

The samples were prepared by fixing 

them on stubs with double-sided cello-

phane tape and examined using a Quanta 

250FEG ESEM. The ESEM study was 

performed to monitor gesso layer parti-

cles and their interaction after penetration 

in the wood samples. The elemental 

composition of the particles that pene-

trated within the wood structure was ana-

lyzed using an EDX Ametek Octane Pro. 

EDX was used to examine and compare 

the elemental composition of three types 

of wood covered with six different prepa-

ration layers at a depth of 5 mm from the 

wood surface in the tangential direction 

of: 1) Acacia wood samples; 2) Sy-

comore wood samples; 3) Tamarix wood 

samples. Elemental analysis of the seven 

wood samples (control and 6 samples 

covered with preparation layer) of each 

of the three wood types was conducted, 

which formed a total of 21 results.  

The percentage of four elements: Carbon 

(C), Oxygen (O), Sulphur (S) and Calci-

um (Ca) was compared in all wood sam-

ples covered with preparation layers with 

the control sample of each wood type. 

 

2.4. Statistical analysis 
The changes in the elemental composi-

tion of wood samples covered with dif-

ferent preparation layers were analyzed 

using SPSS (Statistical Package for So-

cial Sciences) for Windows, version 22 

(IBM, Inc.). The group comparison of all 

samples was done using repeated 

measures analysis of variance (ANOVA) 

to detect overall differences between the 

means of the outcome measures for all 

samples. For all measures, the signifi-

cance was set at an alpha level of 0.05, 

and the data are presented as means and 

standard deviations (SDs). 

 

3. Results and discussion 

 

3.1. SEM investigation: 
In a previously published preliminary 

study the effects of the preparation layers 

had been observed and documented, and 

several changes were recorded [8]. The 

changes were not as drastic as the chang-

es that are often observed in some of the 

ancient artifacts, therefore it was neces-

sary to reinvestigate the same samples 

after ageing and compare results. SEM 

micrographs of the surface of all three 

wood types after natural aging clearly 

indicate the differences in distribution of 

the six different preparation layers on the 

tangential surface of the wood, which is 

considered the interface between the 

wood and any preparation layer (Figs. 1, 
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2, and 3). The chalk and gypsum parti-

cles were clearly noticeable on the cell 

walls and filled the cavities in an incon-

sistent manner in the three wood types. 

The preparation layer composed of chalk, 

gypsum and glue layer gave the best cov-

erage in all three wood types (Fig.1f, 2f, 

3f), and sycomore samples showed the 

best coverage of preparation layers in 

comparison to the other wood types (Fig. 

2), and the contraction of the preparation 

layer of chalk and chalk mixed with glue, 

was most prominent in the sycomore 

wood (Fig. 2a, d).  

After accelerated ageing of the samples, 

the aim of which was to expose the sam-

ples to deteriorating factors that simulat-

ed some of the burial conditions to which 

artifacts are exposed, the samples were 

studied at a depth of 5mm from the wood 

surface that had been previously covered 

with preparation layers. In general, the 

microscopic observations revealed that 

the penetration of preparation layer parti-

cles within wood structure was much 

higher in sycomore wood (Fig.5) in com-

parison to acacia and tamarix wood sam-

ples (Fig. 4, 6). The preparation layers in 

which glue was used as a binding medi-

um penetrated less in all wood samples, 

with an exception in the sycomore sam-

ple that was covered with chalk and glue 

(Fig. 5c) where cell wall erosion oc-

curred due to the presence of chalk. 

Therefore, we may assume from our ob-

servations that glue reduces the penetra-

tion of the preparation layers due to the 

higher viscosity of the mixture. 

Significant differences were noticed 

within the three wood types. SEM mi-

crographs of acacia wood showed that all 

types of preparation layers penetrated 

within acacia wood structure (Fig. 4), but 

those based on a mixture of chalk and 

gypsum penetrated in depth and their ef-

fect on wood deterioration was very ob-

vious (Fig. 4f, g). It was noticed that all 

the preparation layers penetrated in a 

similar way in sycomore wood (Fig. 5), 

while their impact on the wood structure 

was more evident in the samples covered 

with gypsum-based layers where the dis-

integration of wood cells in these sam-

ples was clearly obvious (Fig. 5d, e). In 

tamarix wood samples, the penetration of 

preparation layers was almost alike in all 

samples (Fig. 6). Whereas, the resulting 

deterioration was clearly apparent in the 

samples covered with gypsum-based lay-

ers (Fig. 6d, e) and mixture of chalk and 

gypsum-based layers (Fig. 6f, g). 

These findings can be explained by look-

ing closely at the anatomical structure of 

the three hardwood types which have 

similar cell types, but differ in vessel di-

ameter and vessel frequency per mm
2
. 

They are not only different from one ge-

nus to the other, but they can vary from 

one species to the other within the same 

genus. For example the radial diameter of 

the vessel cells in various sycomore spe-

cies ranges between 117-176 µm and the 

vessel frequency ranges between 4 – 13/ 

mm
2
 [11]. In the case of acacia: The ra-

dial diameter of the vessels in Acacia 

gerrardii is 100 - 120 µm for small ves-

sels and 180-200 μm for large vessels 

[12], but for Acacia nilotica the radial 

diameter of the vessel is 175 µm and the 

vessel frequency of is ca. 4-5/mm
2
. In the 

case of Tamarix aphylla the radial diame-

ter of the vessel is 111 µm and vessel 

frequency is around 11/mm
2
 [13]. 

These differences help explain the high 

variation in penetration percentage of 

both calcium and sulphate within the 

three types of wood. In addition to the 

previous facts, it is necessary to point out 

that the specific gravity of sycomore is 

0.47 [14], acacia 0.61 and tamarix 0.55 

[13] indicating a difference in porosity of 

the three wood types, which is another 

main factor that helps in the penetration 

of any type of moisture containing small 

particles to move lengthwise and side-

wise inside the wood. 
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Fig. 1. SEM micrographs of Acacia wood samples taken from the surface directly 

below the different preparation layers, after natural aging and before exposure to 

accelerated aging, showing the penetration of preparation layers inside the wood (a) 

Acacia + chalk (b) Acacia + gypsum,  (c) Acacia + chalk + gypsum, (d) Acacia + 

chalk + glue, (e) Acacia + gypsum + glue, (f) Acacia + chalk + gypsum+ glue. 

a b c 

d e f 

a b c 

d e f 

Fig. 2. SEM micrographs of sycomore wood taken from the surface directly below 

the different preparation layers, after natural aging and before exposure to acceler-

ated aging, showing the penetration of preparation layers inside the wood (a) Sy-

comore + chalk (b) Sycomore + gypsum, (c) Sycomore + chalk + gypsum, (d) Sy-

comore +  chalk + glue, (e) Sycomore + gypsum + glue, (f) Sycomore + chalk + gyp-

sum+ glue. 
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a b c 

d e f 

Fig. 3.  SEM micrographs of Tamarix wood taken from the surface directly below the 

different preparation layers, after natural aging  and before exposure to accelerated 

aging, showing the penetration of preparation layers inside the wood (a) Tamarix + 

chalk (b) Tamarix + gypsum,  (c) Tamarix + chalk + gypsum, (d) Tamarix +  chalk + 

glue, (e) Tamarix + gypsum + glue  (f) Tamarix + chalk + gypsum+ glue. 

a b c d 

e f g 

Fig. 4. SEM micrographs of acacia wood samples covered with different preparation 

layers, 5 mm directly below the substrate after exposure to natural and accelerated 

aging, showing penetration of preparation layers into the wood tissue and their pre-

cipitation on cell walls; (a) Control sample, (b) Acacia + chalk(c) Acacia + chalk + 

glue, (d) Acacia + gypsum, (e) Acacia + gypsum + glue (f) Acacia + chalk + gypsum, 

(g) Acacia + chalk + gypsum+ glue. 
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a b c d 

e f g 

Fig. 5. SEM micrographs of Sycamore wood samples covered with different prepa-

ration layers, 5 mm directly below the substrate after exposure to natural and ac-

celerated aging, showing penetration of preparation layers into the wood tissue and 

the decay of cell walls beneath them; (a) Control sample, (b) Sycomore + chalk(c) 

Sycomore +  chalk + glue, (d) Sycomore + gypsum, (e) Sycomore + gypsum + glue 

(f) Sycomore + chalk + gypsum, (g) Sycomore + chalk + gypsum+ glue. 

a b c d 

e f g 

Fig. 6. SEM micrographs of Tamarix wood samples covered with different prepara-

tion layers, 5 mm directly below the substrate after exposure to natural and accel-

erated aging, showing almost similar penetration of preparation layers into the 

wood tissue; (a) Control sample, (b) Tamarix + chalk (c) Tamarix +  chalk + glue, 

(d) Tamarix + gypsum, (e) Tamarix + gypsum + glue (f) Tamarix + chalk + gypsum, 

(g) Tamarix + chalk + gypsum+ glue. 
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3.2. Elemental analysis: 
EDX analyses were conducted on some 

spots where preparation layer particles 

were noticeable in SEM micrographs of 

wooden samples discussed above. The 

percentage of the four elements in the 

three different wood types with different 

preparation layers are a good indication 

of the penetration of the calcium car-

bonate and gypsum. Variation in percent-

age of carbon, oxygen, calcium and sul-

phur was stronger than all other elements 

detected in the analysis, and that is the 

reason why only these four major ele-

ments will be discussed here. The ele-

mental comparison between the acacia 

samples are outlined in Fig. 7, table 1, 

sycomore samples in Fig. 8, table 2 and 

tamarix samples in Fig. 9, table 3. 

 

Comparing the three species of 

wood according to percentage of 

elements C, O, S and Ca: 

  

Carbon (C):  
Least changes of carbon percentage 

where recorded in all the acacia wood 

samples. In the sycomore samples de-

crease occurred far stronger than the oth-

er two wood types and was strongest in 

the sample covered with chalk and glue. 

Decrease in the tamarix samples varied 

slightly, with the exception of a slight 

increase in the tamarix sample covered 

with gypsum and glue.  

In all three wood types covered with 

preparation layers based on a mixture of 

chalk and gypsum the highest decrease of 

carbon percentage was noted; the lowest 

percentage of C was found in the tamarix 

wood sample covered with a mixture of 

chalk and gypsum based preparation lay-

er. 

  

Oxygen (O): 
There was a slight increase of oxygen in 

all the acacia samples compared to the 

control sample. In the sycomore samples 

increase of oxygen percentages varied 

from one sample to the other. 

In all cases, with exception of the tamarix 

sample covered with gypsum and glue, 

the O percentage increased in compari-

son to the control wood sample. The 

highest percentages of O were found in 

the tamarix wood sample covered with a 

mixture of chalk and gypsum based prep-

aration layer, and in sycomore wood 

samples covered with a layer of chalk 

and glue. 

In the tamarix sample the oxygen content 

varied, and both increase and decrease 

were obvious in different samples, in 

which the highest and lowest percentages 

of oxygen were recorded. 

 

Calcium (Ca): 
Acacia samples showed a slight increase 

of calcium in the samples covered with 

chalk, but a decrease was recorded in all 

samples covered with a layer containing 

gypsum. 

The percentage of Ca element was signif-

icantly higher in sycomore compared to 

acacia and tamarix samples. Variable 

percentage increase in the sycomore 

samples was recorded; the highest per-

centage increase of calcium was in the 

sycomore wood covered with chalk and 

glue and the sycomore wood covered 

with a mixture of chalk and gypsum. 

Calcium percentage was almost stable in 

the tamarix wood samples with the ex-

ception of the wood covered with a prep-

aration layer composed of chalk and gyp-

sum, in which a very high increase was 

measured. A minute decrease was noted 

in the two samples that were covered 

with a layer containing chalk and glue 

and the layer containing gypsum and 

glue. 

In the previous study by El Hadidi and 

Hamed, 2017 [8], where sampling was 

done directly beneath the gesso substrate, 

prior to exposure to ageing, two main 
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Chemical 

composition 

(atomic %) 

Control 

sample 

(Acacia) 

Acacia + 

chalk 

Acacia + 

chalk + 

glue 

Acacia + 

gypsum 

Acacia + 

gypsum + 

glue 

Acacia + 

chalk 

+gypsum 

Acacia + 

chalk 

+gypsum 

+ glue 

C 62.87±3.09 62.64±4.43 58.43±0.32 59.29±0.13 62.24±5.97 51.85±4.97 62.24±5.97 

O 36.1±2.49 36.66±4.43 37.89±0.28 39.45±0.68 37.34±5.68 39.09±0.33 37.34±5.68 

S  0.01±0.01 0.01±0.01 0.01±0.01 0.71±0.05 0.11±0.16 5.79±1.08 0.11±0.16 

Ca 0.57±0.63 0.55±0.05 0.96±0.55 0.50±0.56 0.31±0.13 3.27±4.23 0.31±0.13 

N 0.21±0.06 0 2.35±0.76 0 0 0 0 

Si 0.03±0.02 0.08±0.06 0.16±0.13 0 0 0 0 

Cl 0 0 0.07±0.01 0 0 0 0 

K 0.07±0.02 0.07±0.02 0.15±0.04 0.07±0.03 0 0.02±0.02 0 

Fig. 7. EDX analysis of acacia wood samples revealing highest penetration of 

preparation layers containing calcium sulphate; (a) Control sample, (b) Acacia + 

chalk(c) Acacia + chalk + glue, (d) Acacia + gypsum, (e) Acacia + gypsum + glue 

(f) Acacia + chalk + gypsum, (g) Acacia + chalk + gypsum+ glue. 

Table 1: Mean [± standard deviation (SD)] elemental analysis of Acacia wood samples covered with 

different preparation layers. 

Underline indicates significant differences at P-value<0.05 when compared among the same element 

vs. control sample. 
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Chemical 

composition 

(atomic %) 

Control 

sample (Sy-

comore) 

Sycomore 

+ chalk 

Sycomore 

+ chalk + 

glue 

Sycomore 

+ gypsum 

Sycomore 

+ gypsum 

+ glue 

Sycomore 

+ chalk 

+gypsum 

Sycomore 

+ chalk 

+gypsum + 

glue 

C 56.77±1.36 54.62±5.93 44.10±18.40 49.52±11.59 50.57±8.38 49.47±12.27 56.75±2.36 

O 34.12±5.35 43.85±4.15 49.39±12.76 44.96±7.33 43.66±5.12 38.21±14.19 38.68±2.12 

S  0.01±0.01 0.01±0.01 0.10±0.15 2.80±2.49 2.36±2.01 4.29±0.18 0.47±0.22 

Ca 0.53±0.25 1.27±1.46 4.61±5.73 2.44±2.10 1.54±1.30 4.16±2.25 1.20±1.07 

N 7.77±5.86 0 1.52±0.35 0.09±0.15 0 2.79±1.11 1.89±2.67 

Mg 0 0.16±0.22 0.12±0.16 0 0.04±0.07 0  0 

Si 0.05±0.00 0 0.02±0.02 0 0.02±0.01 0.03±0.00 0.01±0.01 

Cl 0.04±0.06 0 0 0 0 0 0 

K 0.73±0.64 0.12±0.10 0.16±0.11 0.14±0.14 0.12±0.07 0.14±0.07 1.01±1.16 

Fig. 8. EDX analysis of Sycomore wood samples covered with different prepara-

tion layers, showing high percentage of Sulphur in wood due to penetration of 

preparation layers containing gypsum; (a) Control sample, (b) Sycomore + 

chalk(c) Sycomore +  chalk + glue, (d) Sycomore + gypsum, (e) Sycomore + gyp-

sum + glue (f) Sycomore + chalk + gypsum, (g) Sycomore + chalk + gypsum+ 

glue. 

Table 2: Mean (± SD) element analysis of Sycomore wood samples covered with different preparation 

layers. 

Underline indicates significant differences at P-value<0.05 when compared among the same element vs. 

control sample. 
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Chemical 

composition 

(atomic %) 

Control 

sample 

(Tamarix) 

Tamarix + 

chalk 

Tamarix + 

chalk + 

glue 

Tamarix + 

gypsum 

Tamarix + 

gypsum + 

glue 

Tamarix + 

chalk 

+gypsum 

Tamarix + 

chalk 

+gypsum 

+ glue 

C 62.15±6.59 57.52±1.63 61.91±3.64 55.83±3.07 64.99±6.96 37.24±4.62
 

60.40±1.58 

O 36.17±6.40 41.18±1.58 36.59±4.53 37.60±2.86 33.40±7.95 52.32±2.73 37.08±2.58 

S  0.44±0.19 0.32±0.27 0.42±0.50 0.79±0.21 0.47±0.21 5.72±2.98 1.08±0.66 

Ca 0.69±0.36 0.81±0.46 0.51±0.25 0.68±0.07 0.57±0.37 3.92±3.83 0.79±0.59 

Na 0.13±0.09 ─ 0.12±0.06 0.13±0.11 0.11±0.06 0.28±0.39 0.10±0.13 

Mg 0.15±0.04 0.07±0.10 0.08±0.03 0.11±0.09 0.08±0.01 0.08±0.11 0.22±0.07 

Si ─ 0.01±0.01 ─ 0.08±0.02 ─ 0.06±0.08 0.00±0.00 

Cl 0.09±0.01 0.02±0.03 0.23±0.16 0.24±0.24 0.17±0.13 0.05±0.06 0.09±0.01 

K 0.19±0.09 0.09±0.01 0.16±0.09 0.49±0.51 0.23±0.19 0.34±0.24 0.24±0.10 

Fig. 9. EDX analysis of Tamarix wood samples covered with different prepara-

tion layers,showing presence of same elements in all samples but with different 

percentage based on the chemical composition of preparation layers; (a) Control 

sample, (b) Tamarix + chalk (c) Tamarix + chalk + glue, (d) Tamarix + gypsum, 

(e) Tamarix + gypsum + glue (f) Tamarix + chalk + gypsum, (g) Tamarix + chalk 

+ gypsum+ glue. 

Table 3: Mean (± SD) element analysis of Tamarix wood samples covered with different preparation 

layers. 

Underline indicates significant differences at P-value<0.05 when compared among the same element 

vs. control sample. 



 
Advanced Research in Conservation Science, Vol. No.1, 2020, 1-15 

 

03 
 

points were noted in the samples treated 

with either chalk or chalk and glue; 

namely the occurrence of lignin degrada-

tion, which resulted in the degradation of 

the cell walls, and the strengthening of 

the calcium carbonate bands in the FTIR 

spectra. This may partially help explain 

the penetration of calcium in the three 

wood types, in addition to the different 

dimensions of the cells types in three 

wood types. 

 

Sulphur (S): 
Acacia and sycomore control samples 

contained an extremely small percentage 

of sulphur that can almost be ignored, on 

the contrary to the tamarix control sam-

ple which initially contained S. A varia-

ble increase in S percentage was recorded 

in all samples covered with preparation 

layers containing gypsum in general, and 

reached the highest percentage in the 

case of chalk and gypsum based prepara-

tion layer. The percentage of S dropped 

in all the samples covered with a mixture 

of chalk, gypsum and glue.  

According to El Hadidi and Hamed, 2017 

[8] degradation occurred in the cell walls 

of the samples that had been treated with 

gypsum and the FTIR spectra showed the 

presence of prominent lignin bands and 

the main sulphate bands. These previous 

findings agree with the current results, 

which recorded the variable percentages 

of sulphur according to the gesso layer 

composition.   

Changes of potassium percentage are 

negligible in most cases with exception 

of the sycomore control sample, the sy-

comore sample covered with a mixture of 

chalk, gypsum and glue, and the tamarix 

sample covered with gypsum, where a 

high percentage was recorded. The rest 

of the elements recorded during analyses 

were not always found in all samples and 

their percentages were extremely low and 

are of no significance. 

Reaching a final conclusion/explanation 

for these changes is difficult, because in 

previous research the elemental analysis 

of ancient native or imported wood types 

is rarely found. By coincidence two stud-

ies on ancient Cupressus sempervirens 

(cypress wood) with and without prepa-

ration layers were conducted in which the 

elemental analysis was performed. In 

both papers the calcium and sulphur per-

centage was much higher than the per-

centage recorded in the three native wood 

types [15, 16]. 

  

4. Conclusions 
In the present study, SEM-EDX investi-

gations were used to examine and com-

pare the penetration depth of preparation 

layers inside three types of wood (Aca-

cia, Sycomore, and Tamarix) covered 

with six different preparation layers. The 

results of this study found significant dif-

ferences in penetration ratio according to 

the wood type, porosity and the miner-

alogical composition of the preparation 

layer applied on its surface. The penetra-

tion of preparation layer particles within 

wood structure was much higher in sy-

comore wood in comparison to acacia 

and tamarix wood samples as was shown 

microscopically and proven by the high-

est variation in percentage of the four 

elements (C, O, S, Ca), which occurred 

in the sycomore samples, that are very 

porous in comparison to the other two 

wood types.  All types of preparation 

layers penetrated within the three types 

of wood, The resulting deterioration was 

clearly apparent in the samples covered 

with gypsum-based layers and mixture of 

chalk and gypsum-based layers, where 

the highest increase in percentage of ox-

ygen, calcium and sulphur and the 

strongest decrease in carbon occurred in 

both tamarix and acacia wood samples 

that were covered with a preparation lay-

er composed of a mixture of chalk and 

gypsum. Variation trends in both acacia 

and tamarix samples were slightly similar 

to each other, but were very different 

from the sycomore samples. The differ-
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ences that were found among the three 

species of wood; acacia, sycomore and 

tamarix, is mainly related to structure and 

chemical composition. Further research 

can be done to either study the penetra-

tion of other types of preparation layers, 

or the same preparation layers, but of dif-

ferent coarseness on other types of wood, 

with different anatomical features and 

chemical composition. For conservators 

it may also be interesting to try and study 

how consolidants, with different viscosi-

ties would penetrate preparation layers 

with different components and thickness-

es.  
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