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Abstract 

Despite the complex structure of wood, it is a very sensitive material easy to degrade for several factors. FTIR spectroscopy is an 

excellent analytical method to characterize wood degradation by revealing chemical changes in wood structure in terms of the 

oxidation or hydrolysis mechanisms in the basic components: cellulose, hemicellulose and lignin. This paper presents assessing 

the different degradation types of archaeological wood in Historic Cairo as well as suggests a proposal schema in order to treat 

degraded wood. 
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Introduction 

 

Wood deterioration is faster in warm and humid condition than cool or 

dry places. The continuously submerged wood in water, microorganisms 

may attack, as well as wood kept constantly dry don't deteriorate 

signifactively since the subsequent deterioration process is very slow 

owing to limit air presence [1]. 

Fourier transform infrared spectroscopy (FTIR) have been widely used for 

determining the intera- and inter- hydrogen bonds in organic materials 

[2]. FTIR is an effective qualitative and quantitative analysis of wood 

through probing functional groups abundance and other specific 

structural features. It depends on molecular bond vibrations induced by 

IR radiation. Wood components: cellulose, hemi-cellulose and lignin have 

characteristic absorption Spectra in FTIR analysis, which show their 

functional groups in absorption area (1800-800) [3]. In absorption area 

(3300-3400) show wide (OH) stretching (st) featured for cellulose [4] but 

(CH) st show in absorption area (2800-3000) [5]. (C=O) sh specified for 
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hemicellulose show in absorption area (1735-1740) [6] [7]and absorption 

area (1090-1605) featured for lignin [8] [9]. Absorption area of (H-O-H) sh 

of cellulose show in (1640) [10] [11], but (C-O-C) sh show in (1165-1150) 

[12].FTIR-ATR1 enabled characterizing archaeological woods. FTIR data 

matrices showed the higher content of polysaccharides in beam wood, 

unless the shipwreck wood contained more lignin [13]. The comparison 

of 3 new hardwood species, birch, popular and lime, beside 15 samples 

taken from art objects was carried out via FTIR [14]. FTIR spectroscopy 

aided in assessing the photodegradation of wood. It was used for 

estimating the carbonyl band increase and the decrease of lignin 

vibrations of beech wood after sunlight and UV2, with a mercury lamp, 

irradiation. In addition, there was dehydration as a result of ether splitting 

and hydroxyl (OH) group consumption [15]. It was effective to monitor 

the degradation of different amorphous components of weathered 

wood. Its results confirmed the reduction of lignin and hemicellulose 

components of weathered wood agreeing with the results obtained via 

XRD3. The results referred to the significance of amorphous cellulose 

component degradation for wood exposure to the artificial weathering 

conditions [16]. FTIR is able to classify wood genotypes, species and origin 

according to the chemical composition of different cell walls. FTIR is also 

an excellent analytical method to predict the chemical and biological 

processes of wood degradation that enables understanding wood 

chemistry and morphology. FTIR studied also the effect of interference 

between iron rust and microbiological damage on chemical and nature 

properties [17]. It was used for identifying the fungi composition living 

within wood and their effect on the chemical structure of wood as well as 

define the mechanism of wood fungal degradation [18]. It also focused on 

the role of free (OH) radicals, as a one- electron oxidant, in -carbonyls 

for white-rot fungi on hard- and softwoods. These radicals caused lignin 

degradation by brown-rot fungi owing to cleaving methoxyl and aryl ether 

structure in order to form oxidized structure [19]. Beside, FTIR spectra 

was used of wood samples from Mohamed Ali’s palace showing the effect 

of gesso layer on lignin, which caused lignin to be broken down severely 

[20]. The effects of salts on wood composition can be observed by FTIR. 

The content of lignin in archaeological wood decreased due to NaCl salt. 

By experiment, Calcium sulphate had a bad effect on cellulose more than 
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other salts like Natron salt or NaCl, although all salt affected badly on lignin 

or hemicellulose [21] 

FTIR facilities selecting appropriate materials in wood restoration or 

conservation after the characterization of wood degradation [22]. It has 

the capacity of evaluating numerous treatments of wood by identifying 

the chemical components formed for the reactions and structural 

changes occurring inside wood [23]. It confirmed the higher resistance of 

scots pinewood treated with EEP4 and organosilanes mixture to 

Coniophora puteana fungi [24]. It also proved the effectiveness of oxalic 

acid 1% to treat wooden samples stained iron rust, and its effect on. As 

noticed from comparing between standard sample and treated samples, 

there weren't any difference in functional groups of wood components 

after treatment [25]. In addition, it highlighted the bad effect of 

consolidation process by immersion on the wood main components [26]. 

FTIR imagming5 is a perfect advanced analytical technique achieving a 

spatial resolution of the chemical composition. Therefore, it could be 

applied in order to study the biological and biotechnological changes in 

cell wall of wood [27]. In this study, the basic goal was to identify the types 

of wood degradation at El-Moez Street in Historic Cairo, and suggest 

treatment plane. 

1: Attenuated total reflectance, 2: Ultraviolet, 3: X-ray diffraction, 4: Ethanolic extract of 

propolis, 5: FTIR technique provided with microscopy. 

 

 

1. Materials and methods: 

1.1. Description of samples: 
1 Saqyaat Bayt El-Kady Street The window frame of building no. 8 

2 Saqyaat Bayt El-Kady Street The door street 

3 
El-Nasser Mohamed   Ibn   Qalaoon's 
School 

The wooden wall side of Qibla Iwan 

4 
El-Nasser Mohamed Ibn Qalawun's 
School 

A door on the side of the Western 
Iwan next to Qibla Iwan 

5 
El-Nasser Mohamed Ibn Qalawun's 
School 

An external window frame 

6 Ali El-Mutahar's Kutab and Sabil The window frame 

https://en.wikipedia.org/wiki/Attenuated_total_reflectance
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7 Sultan Qalawun's Mosque and School the bay wall door of shrine inside 

- Wood samples had different degradation forms. 

Examples of sampling sites and elements 

1.2. Microscopic inspection: 

In order to assess the different forms of wood degradation, the 

samples were examined via a Digital USB microscope 1000X, 5X Digital 

Zoom before FTIR analysis. 

1.3. FTIR spectroscopy: 
- Wood samples were sorted and divided according to the manifestation of 

deterioration. 

- The samples were prepared by the KBr pellet technique. FTIR analysis 

was conducted on a Nicolet 380 FT-IR Spectrometer to understand the 

reasons and mechanisms of degradation happened to wood. 

- An analysis of IR was conducted to study the effects and the extent of 

chemical changes deterioration and compare them with standard 

samples. 
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2. Results and discussion: 

2.1. Results: 
3. - The samples were examined and analyzed to show more accurate 

deterioration and location: 

 

4. Sample 1: The window frame in Saqyaat Bayt El-Kady 
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Street Sample 2: The door of Saqyaat Bayt El-

Kady Street 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sample 3: The wooden wall in El-Nasser Ibn Qalaoon's 

 
Region 

W.n 

(Cm-1) 

Function 

group 

 
Assignment 

A 3430 
OH 
Stretching 

Cellulose 

B 1508 
C=C 
Stretching 

Lignin 

C 1068 
C-O-C 
Stretching 

The cellulose DP 

 

 
Region 

W. n 

(Cm-1) 

Function 

group 

 
Assignment 

A 3430 
OH 
Stretching 

Cellulose 

B 1511 
C=C 
Stretching 

Lignin 

C 1065 
C-O-C 
Stretching 

The 
DP 

cellulose 
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School 
Sample 4: A western door in El-Nasser 

Ibn Qalaoon's School 
 

 

Sample 5: An external window frame in El-Nasser Ibn 

Qalaoon's School Sample 6: The window frame in Ali 

El-Mutahar's Kutab and Sabil 

 

 
Region 

W.n 

(Cm-1) 

Function 

group 

 
Assignment 

A 3439 
OH 
Stretching 

Cellulose 

B 1644 
C=O 
Stretching 

Oxidation of 

Cellulose 

C 1514 
C=C 
Stretching 

Lignin 

D 1062 
C-O-C 
Stretching 

The cellulose 
DP 

 

 
Region 

W.n 

(Cm-1) 

Function 

group 

 
Assignment 

 

A 

 

3410 

OH 

Stretchin 

g 

 

Cellulose 

 

B 

 

1514 

C=C 

Stretchin 

g 

 

Lignin 

 
C 

 
1065 

C-O-C 

Stretchin 

g 

The cellulose 

degree of 

polymerization 
[DP] 

 

 
Region 

W.n 

(Cm-1) 

Function 

group 

 
Assignment 

A 3430 
OH 
Stretching 

Cellulose 

B 1654 
C=O 
Stretching 

Oxidation 

Cellulose 

of 

 
C 

 
1065 

 

C-O-C 

Stretching 

The cellulose 

degree  of 

polymerization 

[DP] 
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Region 

W.n 

(Cm-1) 

Function 

group 

 
Assignment 

A 3440 
OH 
Stretching 

Cellulose 

B 1634 
C=O 
Stretching 

Oxidation 

Cellulose 

of 

C 1512 
C=C 
Stretching 

Lignin 

D 1062 
C-O-C 
Stretching 

The cellulose 
DP 
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Sample7: the bay wall door of shrine inside Sultan Qalawun's Mosque and School 

 

 
Region 

Wave number 

(Cm-1) 

 
Function group 

 
Assignment 

A 1512 
C=C 
Stretching 

Lignin 

B 1059 
C-O-C 
Stretching 

The cellulose 

DP 

 

 

 
 

3. 2. Discussion: 
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-there are results, which include Microscopic examination and FTIR 

analysis (red spectrums: unexploded samples "reference samples"), 

(blue spectrums: exposed samples "deteriorated samples"). 

1. Sample 1: Microscopic Examination: There weren’t any antic thing 

to confirms the effect of Humidity, so we ’ll used FTIR . FTIR 

analysis: Region(A) C=C st (lignin) 1512 cm-1 : there were slight 

changes in all compounds but the week influence of sodium 

chloride(NaCl) on lignin can be observed throw low intensity of 

C=C st at 1512cm-1 . 

2. Sample 2: Microscopic examination: There are some splits and 

and crystals salt between wood fibers. FTIR analysis: R.A: OH st 

(cellulose) 3430 cm-1, R.B: C=C st 1511 cm-1, R.C: C-O-C st 

(polymerization degree of cellulose) 1065 cm-1: there was 

high acidity and hydrolysis made losing the lignin. Addition to high 

decrease in cellulose D.P. 

3. Sample 3: Microscopic examination: There are some parts of 

calcium carbonate between wood fibers. FTIR analysis: R.A (OH st: 

3410 cm-1), R.B(C=C st 1514 cm-1), R.C(C-O-C st 1065 cm-1): there 

was high drying and decreasing in cellulose D.P, as the effect of 

the sun which had shown in the weakness (OH st). There was high 

losing in lignin, result of (NaCl) effect. 

4. Sample 4: Microscopic examination: Dryness and high darky of 

external parts. FTIR analysis: R.A (OH st: 3430 cm-1), R.B(C=O st 

1654 cm-1), R.C(C-O-C st 1065 cm-1): resulting of acidity, there was 

slight widening in (OH st). There was oxidation and decrease in 

cellulose D.P, as differences of humidity &temperature. 

5.  Sample 5: Microscopic examination: Apperance of crystals salt 

between wood fibers. FTIR analysis: R.A (OH st: 3439 cm-1), 

R.B(C=O st 1644 cm-1), R.C(C=C st 1514 cm- 1), R.D(C-O-C st 1062 

cm-1): there wasn't high band of lignin, as a result of acidity and 

solid. Slight increasing in oxidation, duet to decrease in cellulose 

D.P. 
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6.  Sample 6: Microscopic examination: In external parts, there is 

combustion and fully. Decomposed. FTIR analysis: R.A (OH st: 

3440 cm-1), R.B(C=O st 1634 cm-1), R.C(C=C st 1514 cm-1), R.D(C-

O-C st 1062 cm-1): there was high acidity observed by the 

mechanisms of hydrolysis, shown in width and increasing band of 

(OH st), and oxidation shown slightly of(C=O st).there was 

observable decrease in lignin content shown at 1514 cm-1 and 

cellulose D.P at 1062 cm-1. 

7.  Sample 7: Microscopic examination: There are effects of iron rust 

and darkness in some places. FTIR analysis: R.A (C=C st: 1512 cm-
1), R.B(C-O-C st 1059 cm-1): there was high decrease in cellulose 

D.P and full disappearance of lignin. 

 

4. Conclusion: 
 

Moreover previous, all wooden objects suffer from: 

1-  Lignin degradation due to the effect of salts especially Na.Cl 
produced as a result of washing water containing chlorine or 
lime stone. 

2- The decrease of cellulose polymerization for humidity and 
temperature changes causing hydrolysis and salts too. 

3- High acidity owing to oxidation mechanisms because of drying and 
light exposure. 
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