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ABSTRACT 
Experimental and analytical studies were carried 

out on five different types of alternative supports 

from processed wood; plywood, pine block board, 

oak block board, medium density fibre (MDF) and 

chipboard. Color changes and emitted gases were 

measured by Kitagawa gas test tubes, Oddy test 

and Raman spectroscopy. Results proved that slight 

amounts of formaldehyde, ammonia and acetic acid 

were emitted from block board samples. Oak block 

board emitted higher amounts of formaldehyde 

compared to pine block board, but the emission of 

ammonia and acetic acid was relatively similar in 

both types of block board. A higher quantity of 

acetic acid and ammonia, and a small amount of 

formaldehyde were emitted from plywood. There 

was an increase in formaldehyde, ammonia and 

acetic acid gas emission in MDF and chipboard. 

FTIR analysis of wood components and color 

change measurements were conducted for further 

evaluation. In plywood a high decrease of lignin 

was noted, causing the wood to lighten in color. 

The rise of formaldehyde in oak block board, MDF 

and chipboard led to decrease in carbohydrates, 

causing darkening of wood color. Chemical 

composition and color change measurements were 

stable in the pine block board, proving it to be the 

most suitable alternative support. 

KEYWORDS 
Alternative support; VOC; Oddy test;  Kitawaga 

tubes;  FTIR, Raman spectroscopy. 

  ملخصال
أظرَد دراساخ ذعرَثُح علً خمسح أوىاع مخرلفح مه 

الحىامل الثذَلح مه الأخشاب المصىعح  المخرارج؛ 

 ، خشة مىورر الصىىتر، خشة مىوررالأتلناضخشة 

الثلىط، الخشة اللُفً والخشة الحثُثً. ذم قُاش 

خرثار أواتُة إالرغُر اللىوً والغازاخ المىثعصح تىاسطح 

ومطُاف رامان. أشثرد  "أودٌ"رثار خإ ماشف الغاز و

وثعاز ممُاخ طفُفح مه الفىرمالذَهاَذ إالىرائط 

، والأمىوُا وحمط الخلُل مه خشة مىورر الصىىتر

وثعس مه خشة مىورر الثلىط ممُاخ أعلً مه أ مما

لنه  ،خشة مىورر الصىىترتالفىرمالذَهاَذ مقاروح 

ُاً فٍ مان مرشاتهاً وسث خلُلحمط ال وثعاز الأمىوُا وإ

 الخلُلممُح أعلً مه حمط  و أوثعصد ،ملا الىىعُه

ممُح قلُلح مه الفىرمالذَهاَذ مه خشة  والأمىوُا و

 الأتلناض.

وثعاشاخ الفىرمالذَهاَذ والأمىوُا إماود هىاك زَادج فٍ 

حمط الخلُل فٍ الخشة اللُفً والحثُثً. ذم إظراء  و

وً لمنىواخ الخشة وقُاساخ الرغُر اللى FTIRذحلُل 

وخفاض مثُر فٍ اللعىُه فٍ إلمسَذ مه الرقُُم. لىحظ 

، مما ذسثة فٍ ذفرُح لىن الخشة. أدي الأتلناضخشة 

الثلىط والخشة  رذفاع الفىرمالذَهاَذ فٍ خشة مىوررإ

وخفاض إاللُفٍ مرىسطح النصافح والخشة الحثُثً إلً 

لىن الخشة.  دماوحفٍ النرتىهُذراخ، مما ذسثة فٍ 

ررمُة النُمُائٍ وذغُر اللىن مسرقرج ماود قُاساخ ال

فٍ خشة مىورر الصىىتر، مما َصثد أوه الثذَل الأوسة 

 .ظذَذمحامل 

 الكلمات الدالة
 ؛المركبات العضوية المتطايرة ؛ الحوامل البديلة

 مطياف الرامان. ؛أنابيب كاشف الغاز ؛ختبار أودىإ
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INTRODUCTION 
 

Wooden panel paintings and icons are often exposed to different deterioration factors, which 

in some cases may lead to total loss of the artefact (El Sayed 2019, 238-256 ). For example in 

the past in cases where either the canvas or paint layer were still intact, but the wooden 

support had been attacked by insects, total transfer onto new alternative supports was 

practiced in Egyptian churches and monasteries. This transfer was rarely documented in 

conservation articles, contrary to artifacts of great importance at the time of their excavation, 

such as the complete documentation of the tomb of King Tut Ankh Amun a century ago. Even 

the analysis and most of the restoration procedures were recorded by Lucas in situ, and are 

currently available online. Such valuable information is beneficial when evaluating previous 

treatments and considering the removal of old treatments (Abdrabou 2021, 403-416) (A. E. 

Abdrabou 2018, 553-564).   

In the case of icons, which are found in every church and are of high religious importance, 

artists and conservators focused on safeguarding the religious artifacts, but may not have 

considered the importance of documenting the restoration process. From recent field visits to 

Egyptian churches it is clear that in the 1980s, many icons had been physically transferred 

onto new processed wooden panels (Mohie,1-15) (Boutros 2010). Risk assessment of the 

transfer process, studies on the advantages or disadvantages of the transfer on new panels 

and/or the chemical interaction between the new panels and the remaining original 

components of the icon in the near or far future were not conducted or published. 

It is a known fact that wood as a natural substance contains volatile organic compounds 

(VOC) such as formaldehyde that is found in small quantities; and is released when exposed 

to heat (Boruszewski 2011, 29-32). Formaldehyde content depends on the type of wood and 

adhesive used; solid hardwood (Costa 2014, 146-150) such as oak wood (Chaudhary 2014, A-

H) emits more formaldehyde than soft wood (Abd Rashad 2019, 520-523). Formaldehyde can 

also be emitted from reproduced wood such as MDF and chipboard due to several factors 

such as thermal treatments (Hemmila 2019, 1-9), the use of adhesives such as urea 

formaldehyde resin (Dunky 2021, 189-268) and phenol formaldehyde resin (Bekhta 2020, 1-

14) (Solt 2019, 99-131). In another previous publication, which confirmed the aforementioned 

information that formaldehyde emitted from manufactured wood panels depends on several 

factors related to wood species and the type of adhesive used, the possibility of reducing 

formaldehyde by using  bark of wood species that have a high polyphenol content such as 

walnut, chestnut, fir and spruce was discussed (Antov 2020, 289-296). 

Acetic acid, another VOC, is emitted after exposure to heat (Pohelven 2019, 1-24), and 

ammonia (Lyutyy 2017, 107-112) which is used in wood processing stages (Liu 2021, 557-

565) for bleaching wood can be identified in processed wood (Stanic 2020, 1-17). 

The harmful volatile organic compounds (VOC) released by wood and adhesives may have a 

negative effect on paintings, similar to the effect of conservation materials like adhesives, 

consolidants or coatings in treated objects or materials used in display cases. Volatile wood 

gases affect a wide range of museum collections (Korenberg 2019, 249-260),
 
where it causes 

the metal to corrode and damage artifacts made from lead and silver
 
(Hunt 2020, 133-142). It 

also leads to chemical changes in wood as a change in the proportions of lignin, cellulose and 

hemicellulose (Wencek 2020, 5812-5828). Moreover, it causes color changes in artifacts 

(DeLaet 2013, 855-862). Therefore mass testing series utilizing the Oddy test, which is
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known for its simplicity, is often conducted for mass screening of different materials for 

harmful emissions (Steger 2022, 1-12). 

The rising risk of VOC release in heritage collections due to the application of alternative 

supports for wooden panel paintings may have been slightly neglected in the past, and 

published studies on the criteria of choosing processed wood are scarce. The methodological 

approach to assess the suitability of different materials in the field of conservation to find 

alternatives to the expensive materials imported into Egypt is currently being applied in some 

museums (Elkhial 2022, 1-11).  This paper aims to assess the suitability of five types of 

processed wooden panels that are available in the Egyptian market, have been used as 

alternative supports in the past and may be used in the future in cases where there is an urgent 

need to replace the original support. It goes without saying that in any transfer process, the 

alternative support has to be adhered to the rear side of the artifact using polymers, but 

evaluating the VOCs released by adhesives is beyond the scope of this paper, and is currently 

being assessed.  

To study the chemical stability of the panels, and assess the amount of emitted VOC, the 

samples were exposed to accelerated heat and light ageing. The decision on the type of 

accelerated ageing process that should be conducted can be extremely difficult, when it comes 

to the ageing of wood. A lot of research has been published in the past on the ageing of 

cellulosic paper. Researchers noted in the past that “with the aid of extensive accelerated 

aging data” it was possible to attempt to find reproducible degradation patterns with different 

papers (Bansa 1992, 114-137), yet the experiments can lead to conclusions that can be deceitful 

(Shahani 1995, 1-18). In another publication it was noted that ageing could be conducted in 

combination with the effect of light (280-380 nm) in the temperature range of 50 - 85°C and 

RH 10% and 70% (Dellaportas 2014, 1-11). 

The color changes of the processed wooden panels under study and the hazardous gases 

emitted from them were measured as a preliminary step to define the risk of their use as 

alternative wooden supports in valuable icons that had deteriorated over the years due to their 

exposure to different decay factors, that lead to partial or even total loss of the original 

wooden support. This was followed by studying the chemical changes using FTIR 

spectroscopy to specify and explain the chemical changes within the five processed wood 

samples. The Oddy test and Kitagawa gas detector tube system results were used to verify the 

chemical changes in the experimental wood samples. 

MATERIALS AND METHODS 

 Materials: With the increasing demand for natural wood and the shortages of wood supply 

worldwide, there was a need to find alternative raw materials, leading to the use of some types 

of manufactured wood as alternative supports (Akgul 2008, 438-443). Moreover, the 

disadvantages of joining wood panels are always a major concern for conservators. Therefore 

the idea of using alternative supports has been applied in many cases, yet it was rarely 

documented. Thus, five types of processed wooden panels available in the Egyptian market, 

were used in the experimental part of this paper (Fig.1). The chosen wooden panels were: 

1- Pine plywood, made of a number of thin wood venners adhered to each other in a way that 

the direction of the fibres is opposite to the previous layer (Bohm 2012, 68-79).
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2- Two types of block board, pine block board wood and oak block board. This type of wood 

consists of a central layer (core) of solid or softwood strips. The facing on the block board is 

stiffened and bound together by  glued, hot-pressed  rotary-cut veneers (Singh 2020, 96-100).

3- Medium density fibre board wood (MDF), which is manufactured by converting wood into 

a (fibrous paste) that is mixed with an adhesive substance from one of the resins and pressed 

under the influence of heat, which turns into wooden boards (Campos 2004, 421-425). 

4- Chipboard wood, which consists of small particles of wood attached to each other with 

adhesive from one of the synthetic resins under pressure (Melo 2014, 682-686) (Alam 2015, 

203-211). 

 
Figure 1. Five types of processed wood (a) pine block board, (b) oak block board, (c) pine plywood, (d) 

chipboard, (e) medium density fibre board wood (MDF). 

 

Methods: The studied alternative wooden panels were exposed to heat and UV light 

accelerated ageing; which were conducted in two separate stages. Heat ageing was achieved 

using an oven (M120-VN/PID system by CTS) at 80°C for 240 hours
 
is an equivalent of 50 

years in normal conditions (El Hadidi 2020, 48-65), while UV light ageing was carried out 

using luminaire CTS art with 2 UV fluorescent tubes, 45 cm long, 5000 K, 40 Lux, 30 W, 220 

V with a Plexiglas protection screen for 240 hours, an equivalent of 50 years in normal 

conditions (Arias 2013, 227-230).  

 

Color change measurements in wooden samples: 

The color change of the wooden panels was measured using a spectrophotometer type CM-

700d model IN Japan INC. After exposure to heat and light ageing for 240 hours, color 

alterations were measured according to the CIE Lab system (Barick 2019, 789-798), based on 

the L*, a*, b* color coordinate system, where L* represents black-and-white axis, a* the red-

green axis and b* the yellow-blue axis (Muasher 2006, 1156-1165). The total color change 

(ΔE*) was calculated according to the following equation (Li 2018, 818-823): 

 ∆E= √ (∆L)
2
+(∆a)

2
+(∆b)

2
  

Oddy test: 

Emitted gases from the studied panels were detected using: copper, lead and silver coupons 

according to the Oddy test technique. This test is used to detect potentially hazardous gases 

(Keable 2018, 2-12) emitted in elevated humidity and temperature (Heine 2018, 362-365). In 

the Oddy test, the products are ranked as follows; safe for permanent use “P, no corrosion”, 

only for temporary use “T, slight corrosion”, and unsuitable for any use at all “F, heavy 
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corrosion” (Steger 2022). Silver is used to detect sulphur and ammonia compounds, lead to 

detect organic acids, aldehydes, and acidic gases, and copper to detect chlorides and oxides 

(Wang 2011, 138-153). Formic acid affects the appearance of copper and lead, where copper 

sulfate and copper monoxide appear as black spots in the copper coupons and a thin and dark 

layer of lead formate hydroxide is formed in the lead coupons. Acetic acid affects the 

appearance of lead by forming a white layer consisting of lead acetate and lead carbonate 

compounds (Tetreault 2003, 237-250).  

The test was conducted for 28 days
 
by placing each type of the processed wood samples 

separately inside a sealed glass container with three metal coupons (silver, copper and lead) 

and a small amount of water in an open vial at 60°C to maintain a high relative humidity of 

~95 to 100% (Gerhard 2021, 127-129). After the elapse of 28 days, the metal coupons were 

carefully studied using a dino-lite digital microscope with a 1.3MP camera (magnification 

20:200x) to document any changes that may indicate the coupons’ exposure to VOC’s.  

Kitagawa gas tubes: 

The Kitagawa gas detector tube system for determining hazardous gas emitted from the wood 

samples was used to further evaluate the chosen samples. This method is considered a 

complete sampling and analysis system for determining hazardous gas and vapour 

concentrations quickly and easily (Cecily 2006, 30-52). The Kitagawa gas detector tube 

system comprises an air sampling pump and precision gas detector tubes 

(www.komyokk.co.jp). Each detector tube is formulated with high purity reagents that absorb 

and react with the target gas or vapor being measured. The concentration is read directly from 

a scale color change on each tube that is proportional in length to the concentration. Wooden 

samples were placed in a sealed container in an oven at 30 °C to allow the gas emission. This 

was followed by taking in 100 ml of sample air through the ammonia tube no. 901NHL, 

formaldehyde tube no.171SB and acetic acid detector tube no. 910. 

 Raman analyses of corrosion products: 

Raman measurements of corroded coupons (Oddy test) were conducted using Bruker 

(Senterra II( equipment Laser type: 785, Laser Power: 1%, Integration time: 1000 ms, 

Resolution: 4 cm
-1

. 

FTIR analyses of wood samples: 

Aged and non-aged wood samples were analyzed using a FTIR spectrometer (IR Prestige-21, 

Shimadzu) in the 400-4000 cm
-1

 range, with a resolution of 8 cm
-1

 to identify chemical 

changes and further assess the changes that occurred in the wood samples. 

RESULTS AND DISCUSSION 
Color changes in wood samples:  

The values of color alteration of the selected five wooden supports varied. The value of ∆E 

was lowest in the case of block board wood, ∆E values of chipboard wood were slightly 

higher than block board wood, and the highest ∆E values were recorded in the plywood, oak
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block board and MDF samples, as listed in table (1). According to the L* values, the plywood 

sample whitened in color, the a* values decreased, and the b* values increased. The MDF, 

oak block board and chipboard sample darkened, the L* and a* values increased, but the b* 

values did not significantly change.
 

Table 1. Color change of the examined alternative wooden supports 

Color change After ageing Before ageing Wood 

Types ∆E ∆b ∆a ∆L b* a* L* b* a* L* 

1.028 -0.18 -0.746 0.683 22.28 9.45 57.22 22.46 10.19 56.54 Pine 

Block 

board 

5.166 3.93 -1.69 2.89 25.8 5.46 75.06 21.87 7.15 72.17 Ply 

Wood 

4.10 0.65 3.04 -2.74 22.89 11.68 66.52 23.21 8.64 69.26 MDF 

Board 

4.067 0.756 2.16 -3.36 20.83 10.30 61.53 20.76 8.47 64.89 Oak 

Block 

board 

3.51 0.33 2.55 -2.39 24.45 5.89 67.7 24.12 3.34 70.09 Chip 

Board 
 

Oddy test:  

All the obtained results were studied and documented using a digital microscope, and they  

revealed that there was no apparent difference in the three metal coupons that were placed 

with the block board. In the case of plywood, the copper coupon was affected by the growth 

of greenish-blue crystals, a white layer appeared on the lead coupon and the silver coupon 

showed yellowing and small number of black spots. Chipboard wood and MDF wood caused 

the formation of black spots on lead, copper and silver coupons in addition to a yellow tarnish 

in the silver coupon and the growth of greenish-blue crystals on the copper coupon. In the 

case of the oak block board the lead and copper coupons showed black spots, but the silver 

coupon did not change in appearance (table 2).  

Kitagawa gas detector tube:  

The ammonia detector tube indicated that the block board and oak block board emitted 6 

g/m
3
, plywood emitted 10g/m

3
, but chipboard and MDF wood emitted 80 g/m

3
. Plywood 

emitted 100 g/m
3
 of acetic acid, whereas all other samples emitted only 50 g/m

3
. The 

concentration of formaldehyde gas emitted by processed wood was also measured by the 

detector tube. Block board emitted formaldehyde gas with a concentration of 1 ppm, plywood 

emitted 3 ppm, oak block board emitted 15 ppm formaldehyde gas, but chipboard and MDF 

wood emitted 20 ppm. 
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Table 2. Oddy test and Kitagawa gas detector tube results 

Kitagawa gas detector tube Oddy Test 
Sample HCHO  gas 

ppm 

CH3COOH 

gas g/m3 

NH3 gas 

g/m3 Result 
Digital microscope images of the coupons 

Ag Cu Pb 

1 

 

50 

 

6 

 

Permanent 

   P
in

e 
B

lo
ck

 b
o
a
rd

 No change No change No change 

3 

 

100 

 

10 

 

Fail, 

Unsuitable 

   

P
ly

w
o
o
d

 

yellow / 

brown 

tarnish 

greenish-blue 

crystals 

white crystal 

growth on 

edges 

20 

 

50 

 

80 

 

Fail, 

Unsuitable 

   

M
ed

iu
m

 D
en

si
ty

 

F
ib

er
b

o
a
rd

 (
M

D
F

) 

yellow / 

brown 

tarnish 

black spot, 

greenish-blue 

crystals 

black spot 

corrosion 

15 

 

50 

 

6 

 

Fail, 

Unsuitable 

   

O
a
k

 B
lo

ck
 b

o
a
rd

 No change 
black spot 

corrosion 

black spot 

corrosion 

20 

 

50 

 

80 

 

Fail, 

Unsuitable 
   C

h
ip

b
o
a
rd

 yellow / 

brown 

tarnish 

black spot, 

greenish-blue 

crystals 

black spot 

corrosion 
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Raman analyses:  

By correlating results obtained from both the Oddy test and Kitagawa test tube with the 

Raman spectra of the corrosion products (Fig. 2-6) it was possible to confirm that the increase 

of  emitted formaldehyde gas led to the formation of  black spots  of  lead formate hydroxide, 

as confirmed in the Raman bands (Steger 2022, 1-12) that appear at 750, 1051, 1342, 1531 

and 1595 cm
-1

 in the lead coupon exposed to VOC’s released by MDF wood, oak block board 

and chipboard wood. The formation of the gas as mentioned above also led to the formation 

of  black spots of copper  oxide that appear in the Raman bands at 311, 358 cm
-1 

in the copper 

coupon in the cases of MDF wood, oak block board and chipboard wood. Yet, in the cases of 

block board, where the emission of formaldehyde gas decreased, no change was evident in the 

lead and copper coupons. 

The increase in acetic acid gas emission, due to the presence of the carbonyl group acetate 

CH3COO− which are attributed to emissions of organic carboxylic acids from wood 

(Elmarazky 2021, 1-6), led to the appearance of white spots of lead acetate that appear in the 

Raman bands at 370, 642, 923, 1345 and 1429 cm
-1

 and lead carbonate compound that 

appears in the Raman bands at 1051 cm
-1

 (Steger 2022, 1-12) on the lead coupon in the case 

of plywood. As for block board wood, there was no change in the copper or lead coupon due 

to the slight emission of formaldehyde gas and acetic acid. 

The increase in ammonia gas emission led to the formation of brown spots of silver oxide that 

appear in the Raman bands at 95, 147, 249, 437, 527, 914 and 1396 cm
-1 

(Martina 2012, 1-8) 

on the silver coupon in the case of plywood, MDF wood and chip board wood. It also led to 

the appearance of greenish-blue crystals of copper hydroxide bands that appear in the Raman 

spectra at 283, 452, 609, 983 and 1145cm
-1

 (Zimbovskiy 2018, 1-8) (Pramanik 2015, 14604-

14612) on the copper coupon in the plywood, MDF and chipboard samples. 

 

Figure 3. Raman spectra for lead acetate 

 

Figure 2. Raman spectra for lead formate 
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Figure 5. Raman spectra for copper oxide 

 

Figure 4. Raman spectra for copper hydroxide 

 

Figure 6. Raman spectra for silver oxide 

  FTIR analyses:  

The release of VOCs from wood is a result of breakdown of the main wood components. 

Therefore wood samples were analyzed using FTIR spectroscopy to study the effect of 

artificial ageing on the main wood components: cellulose, hemicellulose and lignin (Varadhan 

2020, 958-963). Slight shifts in wavenumber were noticed in the FTIR spectra of the samples, 

as recorded in the shaded cells in table 3, figures 7-11: 

- OH stretching band at 3405 cm-
1
 in the MDF,

 
chipboard and oak block board samples. 

- C-H stretching band at ~ 2918 cm
-1

 in the pine block board, oak block board, plywood and 

MDF samples.  

- Aromatic C=C stretching lignin band at 1505 cm
-1

 in the oak block board sample. 

- CH2 bending cellulose (crystallized I and amorphous) at 1425 cm
-1

 in the plywood and  

- CH bending cellulose band at ~ 1375 cm
-1

 in the plywood, MDF and chipboard samples.  

- C- O stretching in cellulose, hemicellulose and lignin band at ~ 1049 cm
-1

 in the pine block 

board, oak block board and chipboard wood samples.  

- Out-of-phase ring stretching cellulose band at 896 cm
-1

 in MDF sample. 

By comparing the ratio of peak heights between lignin and wood carbohydrates 

(hemicellulose at 1735 cm
-1

, crystalline cellulose at 1425 cm
-1

, amorphous cellulose at 1375 

and 897 cm
-1

) as previously mentioned in literature (El Hadidi 2017, 83-95) (El Hadidi 2020, 

48-65), it is clear that the chemical composition of pine block board is the most stable (table 

4). The change in ratio of intensity between lignin and carbohydrates in plywood clearly 

indicates a decrease in lignin, whereas a decrease of wood carbohydrates was noted in oak 

block wood, MDF and chipboard. 
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Figure 8. FTIR spectra of the plywood before 

and after ageing 

 
Figure 7. FTIR spectra of the block board 

wood before and after ageing 

 
Figure 10. FTIR spectra of the oak block 

board wood before and after ageing 

 
 Figure 9. FTIR spectra of the MDF wood 

before and after ageing  

 
Figure 11. FTIR spectra of the chipboard wood before and after ageing 

The results obtained from the Raman and FTIR analyses, the Kitagawa test tubes, and the 

observations recorded after conducting the Oddy test are in agreeance with the results 

discussed in previous research, which noted that wood, as a natural substance, contains 

volatile organic compounds. 

In the five tested samples the content of formaldehyde, which rises when exposed to heat 

(Boruszewski 2011, 29-32) depending on the type of wood and adhesive used, ranged from 1 

to 20 ppm. The oak blockboard emitted a higher amount than the pine blockboard, which is in 

agreeance with the fact that solid hardwood such as oak wood emits more formaldehyde than 

softwood (Costa 2014, 146-150), (Chaudhary 2014, A-H), (Abd Rashad 2019, 520-523). 

MDF and chipboard emitted the highest content of formaldehyde, as noted in previous 

research (Hemmila 2019, 1-9) (Bekhta 2020, 1-14) (Solt 2019, 99-131) (Dunky 2021, 189-

268). 

Four of the five tested samples emitted 50 g/m
3
 acetic acid, and only the plywood sample 

emitted double that amount, which agrees with the fact that wood emits acetic acid when 

exposed to heat (Pohelven 2019, 1-24). As for ammonia, which is used in wood processing 

stages such as bleaching wood (Lyutyy 2017, 107-112), (Stanic 2020, 1-17), (Liu 2021, 557-

565) recorded the highest amounts in the chipboard and MDF samples, the two types of 

processed wood that undergo a more sophisticated manufacturing procedure. 
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The changes noted in the FTIR spectra agree with the results obtained from both the Oddy test and the Kitagawa test tubes, which indicated 

that the emission of the three gases in different percentages from the wood samples affected the three main wood components in the form 

of a slight shift in the bands or decrease/increase of lignin and/or carbohydrates as recorded in tables 3 and 4. 

  

 

Table.3 FTIR bands and functional groups of the studied alternative supports before and after ageing 

Chipboard wood 
Oak Block board 

wood 
MDF wood Plywood Block board wood 

absorption bands 

(cm
-1

) After 

ageing 

Before 

ageing 

After 

ageing 

Before 

ageing 

After 

ageing 

Before 

ageing 

After 

ageing 

Before 

ageing 

After 

ageing 

Before 

ageing 

3413 3405 3417 3413 3401 3405 3415 3415 3405 3405 OH stretching 

2920 2920 2920 2918 2922 2918 2922 2920 2920 2918 C-H stretching 

1734 1734 1734 1734 1734 1734 1734 1734 1734 1734 
C=O stretching 

hemicellulose 

1508 1508 1509 1505 1508 1508 1508 1508 1508 1508 
Aromatic C=C stretching 

lignin 

1423 1425 1425 1425 1425 1425 1423 1425 1425 1425 
CH2 bending Cellulose 

(crystallized I and 

amorphous) 

1375 1377 1375 1375 1377 1375 1377 1375 1375 1375 CH bending Cellulose 

1248 1248 1246 1246 1246 1246 1247 1247 1247 1247 C-O Guaiacyl stretching 

1157 1157 1157 1157 1157 1157 1157 1157 1157 1157 
COC asym. bridge oxygen 

stretching Cellulose 

1049 1045 1047 1049 1049 1049 1047 1047 1049 1051 
C-O stretching in cellulose, 

hemicellulose and lignin 

898 898 896 896 898 896 898 898 898 896 
Out-of-phase ring stretching 

Cellulose 
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Table 4, The calculated ratio of “lignin: carbohydrate intensities” of processed wood samples before and 

after exposure to ageing, and the gases emitted from the samples according to the aforementioned 

Kitagawa test 

 

CONCLUSION 

Based on the results obtained from the present study, it can be concluded that the block board 

is the most appropriate processed wood type that can be recommended as an alternative 

support for the following reasons: 

 Color change measurements proved that block board wood barely altered in color; while 

all other types significantly changed.  

 Oddy test results of block board wood showed that lead, silver and copper coupons were 

not affected. In the case of plywood, a white layer appeared on the lead coupon which 

indicates the escalation of acetic acid and black spots were also formed on the silver 

coupon as a result of the presence of ammonia. MDF and chipboard wood indicate the 

emission of formic acid, which formed black spots on lead and copper coupons, and black 

spots were also formed on the silver coupon as a result of the presence of ammonia. Oak 

block board affected the lead and copper coupons by forming black spots. 

 The gas test tube showed a rise of emitted ammonia and formaldehyde gas from the MDF 

and chip board wood samples. Oak block board emitted a relatively high amount of 

Emitted gases Remarks 
L/ 

895 

L/ 

1375 

L/ 

1425 

L/ 

1735 
Sample 

Wood 

type 

6 g/m3  NH3 Minimal alteration in 

main wood 

components after 

ageing 

4.32 3.51 3.48 1.27 Standard 
Block 

board 
50 g/m3 

CH3COOH 4.37 3.61 3.38 1.34 
after 

ageing 1 ppm HCHO 

10 g/m3  NH3 Relatively high 

decrease of lignin in 

comparison to wood 

carbohydrates. 

4.59 3.83 4.98 0.67 Standard 

Plywood 100 g/m3 

CH3COOH 1.91 2.65 1.63 0.21 
after 

ageing 3 ppm HCHO 

80 g/m3  NH3 Decrease of wood 

carbohydrates in 

comparison to lignin 

0.340 0.023 1.87 0.058 Standard 
MDF 

board 
50 g/m3 

CH3COOH 0.883 0.625 2.65 0.669 
after 

ageing 20 ppm HCHO 

6 g/m3  NH3 Decrease of wood 

carbohydrates in 

comparison to lignin 

0.983 1.01 1.50 0.427 Standard Oak 

Block 

board 

50 g/m3 

CH3COOH 3.31 1.20 4.42 0.557 
after 

ageing 15 ppm HCHO 

80 g/m3  NH3 Decrease of wood 

carbohydrates in 

comparison to lignin, 

except for cellulose at 

1375 

3.59 2.066 1.65 0.428 Standard 

Chip 

Board 

50 g/m3 

CH3COOH 
5.97 2.070 2.21 0.912 

after 

ageing 20 ppm HCHO 
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 formaldehyde too, but plywood and block board emitted a relatively low amount of the 

gas. The plywood sample emitted a low amount of ammonia gas, and the lowest amount 

of emitted ammonia gas was in both types of block board. The highest amount of emitted 

acetic acid was from plywood, while both types of block board wood, MDF and chipboard 

wood emitted the same amount.  

 The chemical composition of block board wood did not change after ageing; cellulose, 

lignin and hemicellulose percentages remained constant. Chipboard wood showed a slight 

change in its chemical composition, yet plywood, MDF, and oak block board wood 

samples were significantly affected after ageing; the proportion of cellulose, lignin and 

hemicellulose changed. 

By correlating the results and summarizing the previous points, it is clear that pine block 

board is the processed wood that emits the least amount of hazardous gases that may affect 

artefacts. This fact is in agreeance with the Oddy test result, in which the block board was 

classified as “permanent”. Furthermore, there were no significant changes in color and 

chemical composition of the block board sample. 

 

RECOMMENDATION 

The main challenges that most conservators currently face are getting the opportunity to see 

the reverse side of a painting, checking the originality of the support and finding old reports in 

which previous restoration was documented, because the use of alternative panels has always 

been a solution for safeguarding paintings and different types of cultural heritage objects  

suffering from irreversible disintegration in their original support. In the past museums, 

private collectors, institutions or churches used various types of supports for transferring the 

polychrome artifact, without studying the disadvantages of the restoration/ conservation 

treatment applied to the painting. Now, with the expanding knowledge and criteria that have 

been set in conservation laboratories, to which conservators are expected to adhere, most of 

the conservation materials must undergo some kind of testing before their application.     

It is recommended that any type of material, whether it is natural/ processed wood or any 

other material, should be tested prior to its use as an alternative panel in the case of icons or 

panel paintings so as not to cause any alterations in the original pigments or colors of the 

painting. Similar testing techniques can be applied to other materials used during the transfer 

of a wooden panel painting, such as adhesives and facing materials. As long as the material 

does not emit gases, it can be considered safe during and after the transfer process from the 

original deteriorated support to a permanent one, yet, after transferring the polychrome layer 

to the alternative panel, it is necessary to monitor the artefact on a regular basis, to assure that 

the polychrome layer remains stable. The testing methodology applied in this paper is 

efficient and simple to apply on a large scale in museums and private collections, when there 

is an urgent need to assess conservation and restoration materials available in local markets 

and when the financial resources are limited. 
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