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Abstract: 

The paper presents an utilization method for determining the normal range of equilibrium moisture 
content in establishing the compatibility treatment between old linden wood and organic solutions based on 
red oil and propolis, which have multiple effects, like ennobling the wood fiber, insecticide, fungicide and 
hydrophobic. In the experiment were used two groups of samples from linden wood: new wood with the tree 
age of 75 years and the oldness of 10 years, and old wood with the tree age of 90 years and the oldness of 
270 years, the last being with and without xylophagous attack. The samples untreated and treated with red 
oil and propolis, were subjected to the determination of the normal range of equilibrium moisture content. 
The data are obtained comparing the normal range of equilibrium moisture content for old untreated linden 
wood and the treated one with the new untreated and treated linden wood. Those information show that the 
propolis and red oil treatment do not have a great influence on the characteristics of the correlation between 
the curves of hydration and dehydration, respective the characteristics of the normal range of equilibrium 
moisture content.    
 
Key words: old wood; linden wood; normal range of equilibrium moisture content; dimensional stability; 
xylofagous attack. 
 
 
 
 
 
 

mailto:Ion.sandu@uaic.ro
mailto:gabrielascutarita@yahoo.com
mailto:raluca_cristache@yahoo.com
mailto:hayashimikiko@gmail.com
mailto:lilly75flower@yahoo.com
mailto:viorica_18v@yahoo.com


ONLINE ISSN 2069-7430 
ISSN-L 1841-4737 

PRO LIGNO              Vol. 9  N° 4  2013 
             www.proligno.ro                                pp. 276-281 

 

 
 

277  

INTRODUCTION 
Old wood from artifacts, especially the one used either as panel (base) or in the structure of style 

furniture, was the subject of extensive research on developing optimal solutions for moisture content and 
dimensional stability, protection against microbiological agents and xylophagous insects (insecticide and 
fungicide), thermal sources (fireproofing), fluctuations in the atmospheric humidity and rainfall 
(hydrophobation), of all microclimate and external factors (climate and mechanical protection by coating, and 
often giving an aesthetic look) (Hayashi et al. 2008, 2009, 2010a, b, Hunger et al. 2001, Sandu et al. 2007, 
2008a, b, c and d, 2009a, b, 2010a, b, Siau 1995, Walker 2006). These treatments should not affect the 
aesthetics of surfaces or the polychromy for paintings, or the wood movement at the relative humidity. 

In the ideal situation, for prevention, the treatment should be applied before or immediately after the art 
object is created because any subsequently interventions after long time can bring a number of 
shortcomings. For this purpose, the treatments must ensure a good retention for a long time, over 50 years 
(Vasilache et al. 2009, Hayashi et al. 2010a). 

When it comes to treatments imposed by the occurrence of a specific effect of deterioration and/or 
degradation, is desired to be applied in as few steps as possible, easily and involving materials and 
processes which have minimal impact on wood. 

There are known a number of modern methods to protect old wood from artifacts, by using some 
organic synergistic systems (Sandu et al. 2009b, c, d, Sandu et al. 2011b, c), with multiple functions in 
stopping the cumulative effects of deterioration and degradation with high penetrability in the volume phase, 
by forming a uniform nanocoating, compatible and with persistent retention. 

Lately, the focus is on natural or semi-synthesis organic products, ecological, such as: paraffin and 
liquid petroleum derivatives, wax products, tannins, lignosulfonates, alkaloids, terpenes, flavones and others 
(Sandu 2008, Sandu et al. 2010 a, b, Sandu et al. 2011a, Vasilache et al. 2008, 2009). 

Sandu et al. (2008) have developed a method to determine the normal range of equilibrium moisture 
content in wood within the limits that give microstructural destructions at fibrils and to the wood cells 
(moisture content: 0.5...1.5%), and the saturation point of the fiber (moisture content: 32...36%,) depending 
on the species, tree age, timber seniority, the state of preservation etc. This method has broad applications 
in the archaeometry field (at setting the temporal evolution of some characteristics, such as the time 
correlation of the two curves: the rate of hydration and dehydration ΔU, and so on) and to the impact studies 
of active preservation treatments (Hayashi et al. 2008, 2009, Sandu et al. 2009a, 2010). 

The aim of this paper is to study, using the new patented method (Sandu et al. 2008) for determining 
the normal range of equilibrium moisture content in establishing the compatibility of organic solutions based 
on red oil and propolis, in the treatment of old linden wood for wood fiber enriching, insecticide, fungicide and 
hydrophobic (Hayashi et al. 2009, 2010a, Sandu et al. 2009a, 2010, Vasilache et al. 2009). 
  
OBJECTIVE 

The purpose of this paper is to present a study regarding the influence of natural organic products 
(propolis and red oil) used as a synergistic system, the compatibility with old lime wood over some physical 
and structural charateristics, which determines the wood movement under the influence of the air humidity. 
 
EXPERMENTAL PART 

For the study were taken samples of lime wood, 270 years old, the tree was 90 years old with active 
xylophagous attack (with deep quarries and many flight holes) and samples of the same species and age, 
without xylophagous or fungal attack. Samples came from the protection beams on the back of an 
iconostasis. From the two beams (one with and the other without xylophagous attack) were cut nine 
rectangular samples (first beam) with the sizes 40mm(L)x20mm(R)x10mm(T) and from the second one, six. 
For comparison were used samples of new linden wood with the tree age of 75 years and the oldness of 10 
years. 

From the first group, three samples were taken as reference, and the other six were divided in two, 
three were immersed in 20% alcoholic solution of propolis and the other three in red oil (petroleum) for 4 
hours, after which they were removed, wiped with a cloth and placed outdoors to dry. In the same way the 
second group of six infested wood samples was divided in two, the first three of them were immersed in an 
alcoholic solution of 20%propolis and the other three in red oil for 4 hours, after which they were removed, 
wiped with a cloth and placed outdoors to dry. 

After drying to a constant weight in normal atmospheric conditions, the four groups of treated samples 
(two not infested and two infested) along with the reference group (new wood) were subjected to consecutive 
processes of dehydration-hydration by determining the weight loss and the weight increase on which were 
drawn variation curves in time, on hygroscopic water desorption and adsorption. The variation of hygroscopic 
water content in the samples was determined using the correlation of two methods: the weight loss on drying 
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was measured by the Gravimetric method using an analytical balance ± 0.001g, Sotorius type, and with the 
Resistive Hygrometer with needle electrodes method. 

For assessing the impact of treatment on wood  were used three characteristics determined from the 
curves of hydration and dehydration, such as the equilibrium point given by the intersection of the two 
curves, the time necessary to achieve it, determined from the curve ∆U = f(t) and normal range of equilibrium 
moisture content; maximum and minimum humidity. 
 
RESULTS AND DISCUSSIONS   

Fig. 1 shows the curves of hygroscopic moisture in well preserved old lime wood (1905), at  
dehydration in the desiccator with RH 5% and at hydration in humidifier RH 99% HH, which is used as a 
standard. 
 

 
Fig. 1 

Hydration and dehydration curves of in old lime wood. 
 

From Fig. 1 it appears that the characteristic time of the two curves intersection for old wood well 
preserved, is 10.5 hours, corresponding to 6.4% moisture. According to previous studies (Vasilache et al. 
2009, Hayashi et al. 2009) old linden wood, well preserved, dehydrates easier than the one hydric stabilized. 
Also, the maximum adsorbed moisture is 18%, compared to 12.5% for old wood well preserved (Vasilache et 
al. 2009). 

Initially, the old wood, well preserved and the infested one, were treated separately with the two 
organic solutions of propolis and red oil (Figs. 2 and 3). 

Figs. 2 and 3 allow the comparison of the effect of treatment with red oil and propolis over the 
hydration and dehydration curves on the basis of three characteristics: time and average correlation humidity 
of opposed hydric processes (adsorption and desorption of hygroscopic water) and maximum moisture 
adsorption of the reversible hygroscopic water. The data presented in Table 1, shows the impact of the two 
active principles used in the preservation (red oil and propolis) of change in normal range of equilibrium 
moisture content. 

 
 

Fig. 2 
Hydration and dehydration curves for old lime wood, well preserved, 

treated with oil red (ro) and propolis (p). 
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Fig. 3 

Hydration and dehydration curves for old lime wood, infested, 
treated with oil red (PR) and propolis (p). 

 
Table 1 

Values of the  characteristics involved in the impact study of lime wood treatments 
No. 
crt. 

 
Sample 

Specific 
characteristic 

Moisture content as 
reversible water 

Change: 

Time 
(hours) 

Uc (%) Limit (%) Time (h) tc Uc(%) UMax tMax(h) 

1. New lime 
wood*, well 
preserved, 
untrated 

10.50 6.70 18,20 200 - - - - 

2. New lime 
wood*, well 
preserved, 
treated with 
red oil 

46,00 7,25 19,20 800 0 +3,35 +7,0
0 

0 

3. New lime 
wood*, well 
preserved, 
treated with 
propolis 

44,50 7,45 21,00 800 -1,50 +3,55 +8,8
0 

0 

4.  Old lime 
wood**, 
infested,  
untreated 

8,50 6.40 18.00 200 - - - - 

5. Old lime 
wood**, 
infested,  
treated with 
red oil 

21,50 7,80 14,50 500 +13,0
0 

+1,40 -3,50 +300 

6. Old lime 
wood**, 
infested,  
treated with 
propolis 

24,50 8,00 17,50 500 +16,0
0 

+1,60 -0,50 +300 

* tree age of 75 years and the oldness of 10 years 
** tree age of 90 years and the oldness of 270 years 
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This table shows that the time to reach critical moisture content in the correlation point in the 

processes of hydration and dehydration old lime wood, untreated and treated with red oil and propolis, 
compared to the new wood, increases of approx. four times, while the infested wood only by about two 
times. Humidity correlation increases sensitive in the series: new wood untreated < new wood treated with oil 
red < new wood treated with propolis < old wood untreated < old wood infested treated with oil red < old 
wood infested, treated with propolis. 

These data prove that the two active principles do not significantly change the processes of sorption 
and desorption of the reversible hygroscopic water. Since the two types of wood are hydrophobic it was 
expected a decrease of maximum moisture with significant values. 

Note that the time required to achieve maximum hydration and minimum dehydration (according to the 
method it was considered the hypothetical value equal to "0%") is 200h for the new wood untreated, 800H for  
treated new wood, respectively 500h for old treated wood. 

Since the first experiments required high periods of monitoring the evolution of hydration and 
dehydration processes until reaching constant value, ranging between 200 and 800 hours, it was engaged in 
the study, the temperature factor, to decrease the duration of the experiment under 150 hours. In this case, it 
was considered that the average temperature of 35⁰C hasn’t got a negative influence on the processes of 
sorption - desorption of the moisture content, becoming possible for the conditions more rapidly to be 
achieved at minimum humidity at dehydration (RH <5%) and maximum moisture content(RH> 99%). It was 
used for this purpose an oven with thermoregulation, at 35⁰C, where the samples were maintained during 
both experiments, hydration and dehydration.   
 
CONCLUSIONS 

By applying the treatment procedures using propolis in alcohol solution 20%, and red oil, which is the 
subject of a recent patented invention, the new linden wood acted differently from the old infested one. The 
treatment with the two components doesn’t have a big influence on the variation of normal range in 
equilibrium moisture content. It ranges from very close limits of the characteristics of the two curves for the 
samples taken as standard (well preserved old wood and untreated wood). 

This study enables the optimization of various organic solutions used for preservation and prevents the 
wood from fungal or borer insects attack, and waterproofing. 
 
ACKNOWLEDGEMENTS 
The authors are grateful for the financial support of the Project POSDRU/86/1.2/S/62307. 
 
REFERENCES 
Hayashi M, Vasilache V, Maccioni N, Capretti C, Sandu I (2008) Impact of moisture conditioning on 
polychrome wood with artificial tempera, Cultural Heritage Meet Practice (ed. J. Kolar, M. Strlic) Proceeding 
of 8th European Conference on Research for Protection, Conservation and Enhancement of Cultural 
Heritage, Ed. National and University Library,  Ljubljana, pp. 94-96  

Hayashi M, Sandu I, Ciocan A, Vasilache V, Sandu ICA (2009) The impact of some active compounds 
implied in the preservation, upon physical-structural wood’s Characteristics, 7th International Conference 
Wood Science and Engineering in the Third Millennium – ICWSE 2009, Transilvania University Press, 
Braşov, pp. 441 – 451 

Hayashi M, Sandu I, Tiano P, Maccioni N (2010a) The Effect of Preservative Intervention on the Chemical-
Physical and Structural Chracteristics of Panel Painting, Al.I.Cuza University Publishing House, Iaşi 

Hayashi M, Maccioni N, Tiano P, Yoshida N, Sano C, Sandu I (2010b) The Effect of Traditional Preservative 
Interventions for Panel Painting, Hozon Kagaku (Science for Conservation), no. 50:197-205 

Hunter AJ (1995) Equilibrium moisture content and the movement of water through wood above fibre 
saturation, Wood Science and Technology, 29 

Sandu I, Hayashi M, Sandu ICA (2007) Evaluation of some physical-structural and chemical characteristics 
with chronological evolution for old wood for authentication, Proceedings of the IInd, International 
Conference of the Chemical Society of the Republic of Moldova (Achievements and Perspectives of Modern 
Chemistry), Chişinău, 1-3 octombrie, pp. 145 

Sandu I (2008) Degradation and Deterioration of the Cultural Heritage, Vol. II, ”Al.I.Cuza” University 
Publishing House, Iaşi 



ONLINE ISSN 2069-7430 
ISSN-L 1841-4737 

PRO LIGNO              Vol. 9  N° 4  2013 
             www.proligno.ro                                pp. 276-281 

 

 
 

281  

Sandu I, Lupascu T, Sandu ICA,  Luca C, Sandu IG, Vasilache V, Hayashi M (2008a) Ecologic organic 
solution for the treatment against insects and fungal attack of the old wood-made artifacts, Proceedings of 
the International Conference on Ecological Materials and Technologies  ECOMAT, Ed. Printech, Bucureşti, 
pp. 79 - 81 

Sandu I, Lupascu T, Sandu ICA, Luca C, Sandu IG, Vasilache V, Hayashi M, Ciobanu M (2008b) New 
method for the evaluation of the cumulative preservation treatment impact on the old wood with echological 
organic solutions, Proceedings of the International Conference on Ecological Materials and Technologies  
ECOMAT 2008, Ed. Printech,  Bucureşti, pp. 490–494 

Sandu I, Lupascu T, Sandu ICA, Luca C, Sandu IG, Vasilache V, Hayashi M, Ciobanu M (2008c) New 
method for the evaluation of the characteristics on the old wood used in preservation process and 
authentication, Proceedings of the 2nd International Conference Advances Materials and Systems – ICAMS, 
Certex, Bucharest, pp. 490–494 

Sandu I, Vasilache V, Sandu ICA, Hayashi M, Ciocan A (2009a) A new method for determination of the 
normal range of variation of the hydrous equilibrium for wood, 7th International Conference Wood Science 
and Engineering in the Third Millennium – ICWSE 2009,  Transilvania University Press, Braşov, pp. 471-478 

Sandu I, Lupaşcu T, Sandu ICA, Vasilache V, Sandu IG, Boţan V, Sandu AV, Ciocan AC (2009b) Process 
for insectofungicization and hydrophobization of age-old wood articles of art, Patent MD3966(B1)/2009.09.30 

Sandu I, Lupascu T, Luca C, Vasilache V, Hayashi M, Vlad FD, Sandu IG (2009c) Ecologic organic solution 
for the insectofungic treatment of the old wood in artefacts, Patent MD3681(G2)/2009.04.30 

Sandu I, Lupascu T, Sandu ICA, Luca C, Vasilache V, Sandu IG, Hayashi M, Sandu AV, Ciobanu M (2009d) 
Method for detemining the normal range of variation of hydric equilibrium, Patent MD3713(G2)/2009.05.31 

Sandu I, Vasilache V, Sandu ICA, Hayashi M (2010a) New Method of Determining the Normal Range of 
Hydric-Equilibrium Variation in Wood with Multiple Applications,  Revista de Chimie, Bucureşti, vol. 61, no.12 

Sandu I, Lupaşcu T, Sandu ICA,  Vasilache V, Sandu IG,  Boţan V, Sandu AV, Ciocan AC (2010b) Process 
for Insectofungicization and Fireproofing of Age-old Artworks, Patent MD4018(G2)/2010.02.26 

Sandu I, Scutarita G, Sandu ICA,  Vasilache V (2011a) Modern Materials and Methods of Preservation of 
Ancient Polychrome Wood, 8th International Conference “Wood Science and Engineering in the Third 
Millennium” - ICWSE 2011, Ed. Transilvania University of Brasov, pp. 385-395 

Sandu I, Lupascu T, Luca C, Vasilache V, Hayashi M, Vlad FD, Sandu IG (2011b) Insectofungicidal 
Composition as an Alcohol Solution and Process for Preparing The Same,  Patent RO123353  (B1)/2011-10-
28 

Sandu ICA, Vasilache V, Sandu I, Vrinceanu N, Sandu IG, Ciocan AC, Sandu AV (2011c) Process for 
actively preserving old water-soaked wood, involves submerging the wood into petroleum-based organic 
solutions containing specified amounts of tannin and propolis, Patent RO126102-A2/2011-03-30 

Siau JF (1995) Wood-influence of moisture on physical properties, Virginia Polytechnic Institute and State 
University, Blacksburg, VA 

Unger A, Schniewind AF, Unger W (2001) Conservation of Wood Artifacts: A Handbook, Springer 

Vasilache V, Sandu I, Luca C, Hayashi M, Sandu AV (2008) Determination of the conservation state of old 
wood artifacts, Proceedings of the 2nd International Conference Advances Materials and Systems ICAMS 
2008, Ed. Certex, Bucureşti,  pp. 501–507 

Vasilache V, Sandu ICA, Ciocan A, Sandu I, Hayashi M (2009) Retention of permethrin-red petroleum 
system during the wood process of preservation, 7th International Conference Wood Science and 
Engineering in the Third Millennium – ICWSE 2009, Transilvania University Press, Braşov, pp. 466–470 

Vasilache V, Sandu I, Luca C, Sandu ICA (2009) Scientific Conservation of Old Polycrom Wood (original title 
Conservarea Stiintifica a Lemnului Vechi), Alexandru Ioan Cuza University Publishig House 

Walker JCF (2006) Primary Wood Processing, Principles and Practice, Springer 
 
 
 

http://apps.isiknowledge.com/OneClickSearch.do?product=DIIDW&search_mode=OneClickSearch&db_id=&SID=Y21dgdB9IOb3kjHC5oE&field=AU&value=SANDU+I+C+A
http://apps.isiknowledge.com/OneClickSearch.do?product=DIIDW&search_mode=OneClickSearch&db_id=&SID=Y21dgdB9IOb3kjHC5oE&field=AU&value=VASILACHE+V
http://apps.isiknowledge.com/OneClickSearch.do?product=DIIDW&search_mode=OneClickSearch&db_id=&SID=Y21dgdB9IOb3kjHC5oE&field=AU&value=SANDU+I
http://apps.isiknowledge.com/OneClickSearch.do?product=DIIDW&search_mode=OneClickSearch&db_id=&SID=Y21dgdB9IOb3kjHC5oE&field=AU&value=VRINCEANU+N
http://apps.isiknowledge.com/OneClickSearch.do?product=DIIDW&search_mode=OneClickSearch&db_id=&SID=Y21dgdB9IOb3kjHC5oE&field=AU&value=SANDU+I+G
http://apps.isiknowledge.com/OneClickSearch.do?product=DIIDW&search_mode=OneClickSearch&db_id=&SID=Y21dgdB9IOb3kjHC5oE&field=AU&value=CIOCAN+A+C
http://apps.isiknowledge.com/OneClickSearch.do?product=DIIDW&search_mode=OneClickSearch&db_id=&SID=Y21dgdB9IOb3kjHC5oE&field=AU&value=SANDU+A+V

