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The properties of wood, which is a natural and sustainable substance, 
change under biotic and abiotic factors. Different methods along with 
chemical/natural substances are used to extend the service life of wood 
and increase its performance under different conditions. Shellac is a 
natural product secreted by insects onto host trees. It is used extensively 
as a coating, especially in the food and pharmaceutical industries. Its 
natural properties and biocompatibility increase the areas where it is used. 
This study investigated the effects on the physical and mechanical 
properties of pine, beech, and fir species impregnated with shellac 
solutions at different concentrations (1%, 3%, and 5%) and sodium 
hydroxide (NaOH). The study found that 10% NaOH solution caused 
significant decreases in the bending strength values. The highest bending 
strength values were obtained for the Scots pine and fir woods at 5% 
shellac concentration and for the beech wood at 1% concentration. The 
highest modulus of elasticity (MOE) values were reached at 1% shellac 
concentration in all three tree species. Although the lightness (L*) of the 
wood samples decreased with shellac impregnation, the chromatic 
coordinate (a* and b*) values increased. According to the Fourier-
transform infrared (FTIR) spectroscopy results, changes were determined 
in the chemical structures of the wood samples impregnated with NaOH, 
whereas the shellac did not cause a change in the chemical structure of 
the wood samples.  
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INTRODUCTION 
 

Wood is an essential and valuable natural resource. It plays a significant role in 

human activities with its use in construction, furniture, and many other products. However, 

wood is subject to degradation by natural organisms and abiotic factors. When wood is 

exposed to moisture and outdoor conditions, fungi and insects consume the lignocellulosic 

compounds found in wood. This situation causes significant changes in the physical and 

mechanical properties of wood (Wong et al. 2014). A 10% weight loss in wood caused by 

fungi leads to a 50% reduction in wood strength properties (Ross 2010). For this reason, 

many different applications of wood preservation methods have been developed to reduce 

these negative effects at affordable costs, to extend the service life of wood products, and 

to use wood in a more efficient manner (Yin et al. 2017; Teng et al. 2018). 

Shellac is a unique natural resin secreted by certain insect species (e.g. Kerria 

lacca). The chemical composition of shellac depends on the type of host tree, the insect 

species, and the refining method. It is widely used as a protective coating or brightener in 
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the food industry and as an enteric coating in the pharmaceutical industry. Shellac is 

environmentally friendly and has a variety of uses. However, the use of shellac is still 

limited due to the mechanical fragility and poor stability caused by the polymerization 

reactions that occur within it (Bar and Bianco-Peled 2020). Structurally, shellac is a low 

molecular weight resin consisting mainly of oxyacid polyesters. Oxyacids are divided into 

aleuritic acids and cyclic terpene acids, which are connected by ester bonds, which, 

respectively, make up the hydrophobic and hydrophilic components of shellac (Luo et al. 

2016). Therefore, shellac has the extra advantage of exhibiting excellent amphiphilicity, in 

comparison to other natural polymers (Patel et al. 2013). Shellac has a low vapor 

permeability, good adhesion, and a high gloss. Shellac is inexpensive and it has excellent 

film forming properties. However, shellac has poor water resistance. Shellac is 

biocompatible and can be cured at room temperature (Luangtana‐Anan et al. 2017).  

The use of shellac in many industrial areas has increased in recent years. Shellac 

used in wood modification processes can be used for the protection of damaged wood 

(Reinprecht 2011), biological resistance of wood (Remadevi et al. 2015) and surface 

treatments (Jankowska and Szczęsna 2011). It is especially preferred to create a glossy film 

layer in musical instruments where high gloss is required (Licchelli et al. 2013). Liu et al. 

(2020a) investigated the color and dimensional stability in wood using linseed oil and 

shellac. Ethanol was used in the preparation of the solution and the weight percentage gain 

(WPG) ratio was reported to be 21.7% for linseed oil and 19% for shellac. The study 

reported no significant difference in the L*, a*, and b* values compared to the control 

samples. In the dimensional stabilization, the samples with shellac showed 21.8% and 

16.7% lower swelling properties compared to the control samples in the transverse and 

radial directions, respectively. In another study, Liu et al. (2020b) investigated the 

dimensional stabilization of shellac-treated wood, its physicochemical structures, and its 

thermostability. As a result of the Fourier-transform infrared (FTIR) analysis, they reported 

that the number of hydroxyl groups contributing to the 3400 cm-1 absorbance band 

decreased, which increased the dimensional stability. Yan et al. (2021) examined the 

properties of shellac used in the microencapsulation process. They evaluated the effects of 

the solutions on linden wood and reported that the elongation at break and gloss values 

were the highest for the solutions prepared at 600 rpm using 5% shellac. 

Shellac, which is a natural, sustainable, and biocompatible product, is used 

extensively in the food, drug, and cosmetics sectors. Its use is quite new in the wood 

protection industry and is concentrated in certain areas such as dimensional stabilization. 

The main aim of this study was to determine the changes in the bending, elasticity modulus, 

and color of Scots pine (Pinus sylvestris), beech (Fagus orientalis), and fir (Abies 

bornmülleriana) wood impregnated with shellac in sodium hydroxide (NaOH) solution. In 

addition, the chemical changes in the samples were determined by FTIR analysis. 

 
 
EXPERIMENTAL 
 
Materials  

The shellac used in the study was in the form of flakes. The color of the shellac 

differs according to the insect species and the refining method. The most preferred colors 

are gold, lemon, and white. The gold-colored shellac flakes that were used in the study are 

shown in Fig. 1. 
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Fig. 1. Shellac flakes  

 

The solvents that are used to dissolve shellac include ethanol (Chen et al. 2018), 

spirit (mineral spirit) (Ghosh et al. 2015), and sodium hydroxide (NaOH) (Mei et al. 2018). 

Sodium hydroxide was chosen for this study because it is cheap and easily accessible. 

Beech (Fagus orientalis Lipsky) wood, which is widely used in furniture production, and 

Scots pine (Pinus sylvestris L.) and fir (Abies bornmülleriana Mattf.) woods, which are 

used in construction and wooden structures, were selected for the study. The wood samples 

were obtained from timber free of knots, fungi, insects, and fiber curl. The air-dry and 

oven-dry density values of the wood samples that were used in the study are given in Table 

1. 

 

Table 1. Air-dry and Oven-dry Density Values of the Wood Samples 

Wood Type 
Air-dry Density 

(g/cm³) 
Oven-dry Density 

(g/cm³) 

Scots pine 0.51 0.47 

Beech 0.69 0.60 

Fir 0.46 0.39 

 
Methods 

Within the scope of the study, 4 kg of 10% (g:g) NaOH solution was prepared. This 

solution was then divided into four 1-L beakers. The shellac was added to three of these 

solutions at a level of 1%, 3% and 5% (g:g) and mixed with a magnetic stirrer for 10 min. 

A 1-L 10% NaOH solution without shellac was prepared for comparison with the samples 

that were impregnated with shellac. Since NaOH affects components in the structure of 

wood such as lignin, in this case, it was considered more appropriate to compare the 

performance of the samples treated with shellac with the samples that were treated with 

10% NaOH only and not with the untreated (control) samples. The tests of the untreated 

control samples were carried out for use in the overall assessment.  

The wood samples were kept in a climate cabinet for one week at 65% relative 

humidity and 25 °C temperature before they were impregnated with the prepared solutions. 

Prior to the impregnation, the wood samples were dried in an oven at 103 °C until a constant 

weight was reached. The air-dried samples were treated with dilute solutions in an 

impregnation chamber according to the fullcell process. In this process, the samples were 

first left under vacuum at 650 mm/Hg for 30 min, followed by atmospheric pressure for 60 

min. The weight gain (%) for each compound was calculated based on the initial (Mu) and 

final (Mt) weight of each wood sample using Eq. 1, 

𝑊𝑃𝐺 (%) = 100 [
𝑀𝑡−𝑀𝑢

𝑀𝑢
]       (1) 

The bending strength tests were carried out on all the wood samples with the 
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dimensions of 10 mm × 10 mm × 200 mm, as specified in the DIN 52186 (1978) standard. 

For the static bending strength and the modulus of elasticity (MOE) values that were 

determined by the three-point bending strength, the distance between the supports was 

applied as 150 mm. The load in the elastic region (F2-F1) and the difference of the 

deformation amounts corresponding to these loads (d2-d1) were taken for the calculation 

of the MOE. Care was taken to ensure that these values were between 10% and 40% of the 

maximum load. The bending strength (B) and the MOE (MOE) values of the samples were 

calculated using Eq. 2 and 3, respectively, 

𝜎𝐵 =
3

2
 

𝐹.𝐿𝑠

𝑏.ℎ2                                                       (2) 

 𝜎𝑀𝑂𝐸 =
∆𝐹.𝐿𝑠

3

4.∆𝑑.𝑏.ℎ3                                                     (3) 

where F is the maximum load value (N), Ls is the distance between the supports (150 mm), 

b is the width of the sample (10 mm), h is the height of the sample (10 mm), ∆F is the 

difference of the two loads within the elastic limits, and ∆d is the deformation difference 

corresponding to the two loads within the elastic limits (10% to 40% of maximum load). 

The color was measured using the Konica Minolta CD-600 color measuring device 

(Tokyo, Japan) in accordance with the ISO 7724-2 (1984) standard. Ten wood samples 

were used for each variation and three measurements were made from each sample. The 

CIELab (Commission International de i'Eclairage) system consists of three variables (ISO 

7724-2 1984). L* is the light stability and a* and b* denote the chromatic coordinates (+a* 

for red, -a* for green, +b* for yellow, –b* for blue). 

The FTIR measurements were performed using a PerkinElmer Spectrum 100 FTIR 

spectroscopy device (Waltham, MA, USA). Accordingly, the solid measurements were 

made from the surface without degrading the samples by using the PIKE ATR Diamond / 

ZnSe apparatus (Madison, WI, USA). The spectrum of each sample had a resolution of 4 

cm-1, and they were taken in the scanning range of 700 to 4000 cm-1. The spectral 

measurements were taken from five different points on the samples. For each variation, a 

single spectrum was obtained by calculating the average of the spectra programmed in the 

device. 

 

Evaluation of Data 
The one-way analysis of variance (ANOVA) included in the Statistical Package for 

the Social Sciences (SPSS) 16.0 (Chicago, IL, USA) was used to evaluate the bending 

strength and the MOE data. Duncan’s test was applied to determine the differences between 

the groups. 

 

 

RESULTS AND DISCUSSION 
 

Within the scope of the study, the weight percentage gain (WPG) values were 

calculated according to Eq.1 for each variation that was subjected to the impregnation 

process. The WPG and standard deviation (SD) values of the samples are provided in Table 

2. 

The weight gain values of the Scots pine, beech, and fir samples that were 

impregnated with 10% NaOH were 28.32%, 25.56%, and 18.91%, respectively. The Scots 

pine and beech samples showed similar weight gain values, whereas lower weight gain 

values were obtained with the fir wood samples. The weight gain values obtained after 



 

PEER-REVIEWED ARTICLE                  bioresources.com 

 

 

Sözen (2022). “Shellac treatment of wood,” BioResources 17(1), 1703-1716.  1707 

dissolving the shellac polymer at different concentrations in 10% NaOH were lower than 

the weight gain values of the samples impregnated with NaOH alone. Table 3 shows that 

when the shellac concentration was increased, the weight gain values decreased, except for 

the beech impregnated with 5% shellac. The highest weight gain was obtained with 1% 

shellac. In another study (Liu et al. 2020b), a weight gain of 13.01% was obtained with a 

solution prepared with a 20% concentration of ethyl alcohol. Compared with other 

published studies (Liu et al. 2020a, b), the preparation of shellac polymer with NaOH at 

lower concentrations (1% to 5%) in this study was shown to increase the weight gain values 

in the wood samples. 

 

Table 2. The Ratios and Weights of the Board Variations in the Study 

Variations WPG /SD 

Scots Pine 

10% NaOH 28.32 (2.52) 

1% Shellac 24.41 (5.05) 

3% Shellac 8.03 (2.29) 

5% Shellac 1.85 (1.24) 

Beech 

10% NaOH 25.56 (3.48) 

1% Shellac 23.63 (1.42) 

3% Shellac 8.06 (2.13) 

5% Shellac 13.33 (1.71) 

Fir 

10% NaOH 18.91 (2.63) 

1% Shellac 12.76 (1.64) 

3% Shellac 1.64 (0.57) 

5% Shellac 1.83 (0.65) 

 
Mechanical Properties 

The bending strength values of the control samples of Scots pine, beech, and fir 

woods were determined to be 87.0, 117.5 and 79.9 N/mm², respectively. The data obtained 

were compatible with the relevant literature. Percin et al. (2016) determined the bending 

strength values to be 124.4 N/mm² in untreated beech woods.  

 

 
 

Fig. 2. Bending strength and standard deviation values of the samples 
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In a study on Scots pine, Kamperidou et al. (2014) determined the bending strength 

of Scots pine wood to be 81.4 N/mm². Zeidler et al. (2015) found the bending strength of 

fir wood to be 78.1 N/mm². Figure 2 shows the bending strength and standard deviation 

values of the samples that were prepared in this study. 

The bending strength values decreased in the samples impregnated with 10% NaOH 

alone at the rates of 37.6%, 17.9%, and 26.2% in the Scots pine, beech, and fir wood 

species, respectively. 

Sodium hydroxide is a simple chemical that can swell cellulose at a certain 

concentration, or even dissolve cellulose at high concentrations. Soda hydrates cause 

dissolution and can penetrate the amorphous area of the cellulose and break up the adjacent 

crystalline regions. It was determined that in soda solutions the maximum solubility for the 

degree of polymerization (DP) of cellulose can be achieved using 8% to 10% soda solution 

(Isogai and Atalla 1998). In addition to this, NaOH alone has never been used as a solvent 

to dissolve cellulose in industrial applications due to problems with the cellulose such as 

chemical degradation, high soda concentration, and chemical recovery (Wang et al. 2008). 

In their study examining the structural changes caused by NaOH in wood at different 

temperatures, Shi et al. (2018) reported that the increase in temperature (80, 100, and 120 

°C) increased the degradation of the cell wall. The chemical composition that is most often 

found in wood cell walls after cellulose is lignin. It binds to cell wall polysaccharides by 

covalent and non-covalent interactions. It ensures the structural integrity of the cell walls, 

which is very important for woody plants (Tiimonen 2007). Cell walls define the 

morphology and size of individual cells and, ultimately, the properties of wood (O'Neill 

and York 2003) and provide resistance to tensile strength (Obembe 2006). Lignin fills the 

gaps between the composition of cellulose, hemicellulose and pectin in the cell wall and 

increases the mechanical strength of the cell wall (Janssen 2000). In this study, the samples 

treated with 10% NaOH showed lower bending strength values compared to the control 

samples because of the degradation of lignin in the cell wall. On the other hand, acids such 

as abietic acid in the shellac content may have neutralized NaOH and caused a decrease in 

the negative effects on wood. 

 The bending strength values of the woods that were treated with 1% shellac 

decreased as in the samples treated with 10% NaOH. However, these decreases were less 

than what was seen in the samples treated with 10% NaOH. The bending strength values 

of the Scots pine, beech, and fir woods treated with 1% shellac decreased by 5%, 6.6%, 

and 5.25%, respectively, compared to the control samples. On the other hand, increases in 

the bending strength values were observed when compared to the samples treated with only 

10% NaOH. The bending strength value of the Scots pine wood treated with 3% shellac 

decreased by 16.3% compared to the control samples. The highest bending strength value 

(123.9 N/mm² in beech wood) was obtained in samples that were treated with 3% shellac. 

There was no significant difference between the bending strength value of the fir wood 

control samples (79.9 N/mm²) and that of the samples that were treated with 3% shellac 

(80.1 N/mm²). The highest bending strength values of the Scots pine and fir wood were 

obtained in the variations treated with 5% shellac, at 101 N/mm² and 85.9 N/mm², 

respectively. Compared to the control samples, these values corresponded to an increase of 

16% and 7.4%, respectively. Although the 5% shellac concentration imparted the highest 

bending strength in the Scots pine and fir samples, it imparted the lowest value (90.9 

N/mm²) in the beech wood. High concentration shellac applications were found to be 

unsuitable for beech wood, which reached the highest bending strength (123.9 N/mm²) at 

a 3% concentration. An increase was obtained in the samples treated with shellac compared 
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to the samples treated with 10% NaOH alone. However, these increases did not increase 

proportionally to the rate of shellac. The anatomical structure of the woods and the soluble 

shellac ratios were effective in the formation of these differences. In order for the shellac 

to absorb in the wood, it should penetrate as much as possible. This differs according to 

the density properties of the wood and the structure of the cell walls (the passages in the 

cell walls). On the other hand, the chemical formula of shellac (C30H50O11) is compatible 

with bonding with the chemical structure of wood. Especially the CH, OH structures of 

aleuritic acid have the potential to bond with carbon and hydroxyl groups in wood. 

Density is one of the most important factors that affect the mechanical properties 

of wood. The structures that make up the density in wood are the walls of the trachea cells 

in deciduous trees and the tracheid cells in coniferous trees. On the other hand, cell walls 

have a different anatomical structure depending on where they are located in the earlywood 

or latewood. The cell wall has a large effect in high-density beech wood, which exhibits 

correspondingly high bending strength values. Beech wood is anatomically in the group of 

scattered-ringed woods, a situation that creates a higher cell wall ratio per unit area. 

According to Panov et al. (2010), the pits in the cell wall allow moisture to pass between 

the cells. These pits play the same role in the impregnation processes. Shellac dissolved 

with NaOH can reach the cell walls with the effect of vacuum-pressure. The shellac, which 

clings to the cell wall by removing the water after impregnation, provides support to the 

wood. This phenomenon may explain the higher bending strength values that were 

observed for the samples that were treated with shellac.  

From the bending test results, the one-way ANOVA test determined that there was 

a significant difference (p<0.05) between the variations of beech, Scots pine, and fir woods. 

The groups formed by the variations were revealed by Duncan’s test and are shown in 

Table 3. 

 

Table 3. Duncan’s Test Results According to the Wood Types 

Beech Scots pine Fir 

Sample 
Groups Sample Groups Sample Groups 

1 2 3  1 2 3 4  1 2 

5% 
Shellac 

90.90   
10% 

NaOH 
54.23    

10% 
NaOH 

58.92  

10% 
NaOH 

96.43   
3% 

Shellac 
 72.79   

1% 
Shellac 

 75.74 

1% 
Shellac 

 109.85  
1% 

Shellac 
  82.40  Control  79.94 

Control  117.51 117.51 Control   87.00  
3% 

Shellac 
 80.11 

3% 
Shellac 

  123.91 
5% 

Shellac 
   101.00 

5% 
Shellac 

 85.90 

 

According to Duncan’s test results, the impregnation of the fir wood with shellac 

did not have a significant impact on the bending strength of the wood. The Scots pine wood 

samples with 5% shellac had the highest bending strength value, whereas the beech wood 

samples with 5% shellac had the lowest bending strength value. It was clear that the 10% 

NaOH solution had reduced the bending strength values. 

When the MOE values in bending were examined, the control sample values for the 

Scots pine, beech, and fir woods were determined to be 6375, 8869, and 7245 N/mm², 

respectively (Fig. 3). 
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Fig. 3. MOE values of the samples 

 
The highest MOE values in all the wood samples were obtained for those 

impregnated with the 1% concentration of shellac. Compared to the control samples, the 

highest MOE increase was observed in the fir (50%), followed by the Scots pine (45%), 

and the beech (27%) woods. The increase in the concentration ratio after 1% caused the 

MOE values to decrease. While the 10% NaOH treatment caused the bending strength 

values to decrease, the MOE values increased between 2% and 7.7% compared to the 

control samples. In other studies, it was reported that the MOE value increased in alkaline 

treatments with NaOH (Chandrasekar et al. 2017; Negawo et al. 2019). In this study, the 

increase in the MOE values in the samples that were impregnated with shellac was 

attributed to the softening of the lignin in the cell wall by the NaOH. 

 

Color Changes 
The color change values in the test and control samples were calculated using L* 

(light intensity), a*, and b* chromatic coordinates (+a* red, -a* green, +b* yellow, and –

b* blue) determined according to the CIELab system. Table 4 shows the L*, a*, and b* 

values and the standard deviations in parenthesis of the sample groups. 

The L* values of the control samples were 81.8 for the Scots pine, 71.4 for the 

beech, and 83.6 for the fir. After the wood samples were impregnated with 10% NaOH, 

the surface of the samples darkened and the L* value was 25.2% in the Scots pine samples, 

24.0% in the beech samples, and 24.9% in the fir samples. The reduced L* values of the 

wood samples were improved with the shellac impregnation. However, no difference was 

observed between the concentrations. The a* and b* values increased after the 

impregnation processes using only 10% NaOH and shellac. The a* and b* represent the 

chromatic coordinates (+a* for red, -a* for green, +b* for yellow, and –b* for blue). 10% 

sodium hydroxide alone had a significant effect on L*, a*, b* values. In NaOH samples 

containing shellac, these changes (decrease) continued in the same direction, but the 

amount of factor is less. Natural or chemically formed/created degradations in wood cause 

color change in wood. Pastore et al. (2004), reported that the degradation in wood was due 

to the quinones found on the surface. 
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Table 4. The Color Values (L*, a*, b*) of the Test and Control Samples 

 L* a* b* 

Scots Pine 

Control 81.77 (2.90) 6.18 (1.09) 23.48 (1.60) 

10% NaOH 61.14 (2.22) 11.72 (0.52) 38.26 (1.43) 

1% Shellac 55.07 (0.87) 13.04 (0.55) 35.16 (0.56) 

3% Shellac 53.08 (0.66) 10.75 (0.74) 29.53 (0.68) 

5% Shellac 51.95 (1.39) 13.90 (0.13) 28.52 (0.74) 

Beech 

Control 71.45 (3.43) 7.54 (1.34) 15.76 (2.21) 

10% NaOH 54.30 (0.95) 10.91 (0.44) 31.22 (0.82) 

1% Shellac 43.52 (2.88) 10.67 (0.67) 20.30 (3.82) 

3% Shellac 47.17 (1.65) 11.30 (1.76) 23.54 (1.86) 

5% Shellac 46.96 (0.78) 11.73 (0.42) 22.78 (0.83) 

Fir 

Control 83.55 (2.54) 3.87 (0.45) 15.76 (2.21) 

10% NaOH 62.77 (1.30) 9.19 (0.34) 35.94 (1.65) 

1% Shellac 57.36 (1.93) 12.53 (0.67) 34.43 (1.04) 

3% Shellac 55.71 (2.53) 10.86 (1.10) 28.94 (1.74) 

5% Shellac 55.92 (2.32) 11.93 (0.38) 26.87 (1.11) 

 

FTIR Analysis 
The FTIR analysis was performed on the test and control samples by scanning in 

the wave range of 4000 to 700 cm-1. The regions where the modification process is most 

intense in wood material are found between 1800 cm-1 and 700 cm-1 and are referred to as 

“fingerprints”. These absorption peaks reflect the changes in the benzene rings, the main 

lignin and carbohydrate functional groups, and the change in the crystalline and amorphous 

content of cellulose. The FTIR graphs of the test and control samples are given in Figs. 4 

through 6. 
 

 
 

Fig. 4. FTIR spectra of Scots pine wood treated with NaOH and shellac and the untreated control 
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Fig. 5. FTIR spectra of beech wood treated with NaOH and shellac and the untreated control 

 

 
 

Fig. 6. FTIR spectra of the fir wood treated with NaOH and shellac and the untreated control 

 

The absorbance peaks at 2928 and 2856 cm-1 were related to the CH2 stretching 

(asymmetric and symmetric, respectively). This peak value increased in the Scots pine 

samples impregnated with shellac at 1% concentration. In one study, it was noted that these 

peaks were characteristic of shellac (Ma et al. 2017). In this study, the 1734 cm-1 peak 

disappeared in all variations after the impregnation process. This band was specifically 

attributed to the stretching of free carbonyl groups such as xylan and glucomannan. The 

alkali treatment caused a peeling reaction of glucomannan and xylan that resulted in the 
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disappearance of the peak density at 1734 cm-1 (Marchessault and Liang 1962). The peak 

at the 1579 cm-1 band appeared with the alkaline and shellac treatment of the woods. This 

band was attributed to aromatic skeletal vibration and had a higher absorbance peak for 

lignin. It can be said that shellac and sodium hydroxide do not cause significant changes in 

lignin absorbance values. The appearance of a lignin peak at 1579 cm-1 can be explained 

by the degradation of extractives, water soluble content, and xylan by the alkaline 

processing. Moreover, in another study, it was reported that sodium shellac gave a 

characteristic peak at 1560 cm-1 (Ma et al. 2017).  The 1508 cm-1 peak shows the syringyl 

and guaiacyl elements found in lignin (Shi et al. 2012).  The peak value decreased in the 

Scots pine samples after the impregnation process, while no change was observed in the 

beech samples. Although the 1504 cm-1 peak disappeared after the impregnation with 

NaOH in the fir wood samples, these peak values reappeared after the impregnation with 

shellac. The peak in the 1406 cm-1 band increased in all the wood species after the NaOH 

treatment. The rise in the peak value declined when the shellac concentration was 

increased. This peak CH2 scissoring motion implies that changes in the peak intensity were 

related to alterations in the environment of the C6 group (Liang and Marchessault 1959). 

Although the peak values around 1260 cm-1 due to absorptions in non-cellulosic 

polysaccharides (Michell 1992) increased in the Scots pine and fir samples, no change was 

observed in the beech wood samples. Significant decreases were obtained in the peak value, 

which appears at 1226 cm-1 in the beech wood samples and is associated with the C–OH 

bending in the C6 plane (Gwon et al. 2010). The band at 897 cm-1 assigned as C–O–C 

asymmetric stretching (Schwanninger et al. 2004) for the Cell-I structure shifted to 835 

cm-1 for the Cell-II structure with the 1% shellac impregnation in the Scots pine, to 860 

cm-1 in the beech, and to 870 cm-1 in the fir wood 

 
 
CONCLUSIONS 
 

1. A good permeability was achieved after impregnation with the shellac solution, and the 

maximum weight gain values were obtained in the solution prepared at 1% 

concentration of shellac. 

2. The bending strength values were reduced in the woods impregnated with shellac at 

1% concentration. The reductions in the 10% NaOH samples confirmed that the 

decreases were due to the NaOH used as the solution. It was thought that the use of 

NaOH in concentrations of less than 10% would limit the diminished mechanical 

properties. 

3. The chemical structure of the wood samples exhibited significant changes after the 

impregnation with the NaOH at 10% concentration. In the samples impregnated with 

shellac, changes caused by the NaOH in the solution were observed in the wood. The 

fact that it is a natural polymer and is compatible with the host tree demonstrates that 

shellac can be used in wood preservation processes. 

4. Future studies on shellac, such as reducing the NaOH concentration, using different 

solvents, determining the outdoor performance, and testing against insect and fungal 

effects, would further contribute to the literature. 
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