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ABSTRACT 
 

The aim of this study was to address one of the major challenges of the 

conservation state of wooden artifacts or artworks namely, the preservation and 

restoration of wood surfaces. The factors involved in the deterioration of wood are 

mainly the external factors such as fire, low temperature and microbiological 

agents, which induce some degradation processes in wood, identified by 

discoloration, fragility and unsightly appearance. In this study, biodegradable 

materials based on poly(3-hydroxybutyrate-co-3-hydroxyvalerate) (PHBHV) and 

composites based on PHBHV and particles (zinc oxide (ZnO), carbonated 

hydroxyapatite (CHAp) and its metallic derivatives with silver (AgCHAp) and 

strontium (SrCHAp) were applied on firwood specimens in order to investigate 

their consolidation capacity. Colorimetric measurements have confirmed that the 

chosen treatments did not change the colour of the natural wood. The hardness test 

revealed that the consolidation system increases the mechanical properties of the 

samples. The used treatments confer a strong hydrophobic character which 

prevents exfoliation of the wood samples, as confirmed by the performed water 

absorption test. 

 
KEYWORDS: poly(3-hydroxybutyrate-co-3-hydroxyvalerate), zinc oxide, 

carbonated hydroxyapatite, preservation, firwood 

 

1. Introduction 
 

Wood is one of the oldest materials in the 

humanity history being used for thousands of years as 

a construction material, for furniture, fuel and paper. 

It is an organic material and presents a porous and 

fibrous structure which supports a continuous 

degradation and deterioration processes by 

weathering and various organisms’ action [1, 2]. Due 

to the hygroscopic nature of wood [3], this material is 

subjected frequently to several deterioration 

processes, like the loss of mechanical strength 

through moisture absorption, a higher degree of 

surface roughness and cracking on UV exposure [4-

7], so the treatments that preserve the wood are 

highly needed. 

In order to prevent the wood degradation 

processes, the researchers have tried to use some 

conservation treatments with different compatible 

materials [1, 8, 9]. In the last several years, 

biodegradable polymeric materials have been used in 

order to protect the wooden artifacts or artworks. 

Polyhydroxyalkanoates (PHAs) are a class of 

biodegradable polymers under ambient conditions 

that can be intracellularly synthesized by a range of 

bacteria and archaea from renewable/waste resources 

[10, 11]. Among all the PHAs family, poly(3-

hydroxybutyrate) (PHB) and its copolymer poly(3-

hydroxybutyrate-co-3-hydroxyvalerate) (PHBHV) are 

the most common used in various applications and 

currently, these materials have been tested in order to 

investigate their potential in wood protection [10, 12]. 

In the last years, PHBHV has received great attention 

from different research labs. For example, Chan C.M. 

and co-workers investigated the effects of natural 

weathering on the physical and mechanical properties 

of biodegradable composites based on PHBHV and 

wood flour (WF). Composite samples with three 
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different WF contents (0, 20 and 50 wt%) were placed 

on an outdoor inclined rack for 12 months. It was 

observed that neat PHBHV and the 20% WF samples 

showed little loss in mechanical properties over the 

12-month period compared 50% WF. A less dense 

fungal cell network and lower dry weight loss values 

were observed on the PHBHV 20%WF composite 

when compared to 50% WF. At lower wood content, 

the PHBHV matrix acted as a barrier, partially 

encapsulating the wood particles. A lower relative 

abundance of fungi was shown in all PHBHV 

samples, suggesting that PHBHV does not promote 

fungal colonization relative to woody materials [10]. 

Also, in the last years it has been demonstrated 

that both micro and nanomaterials plays an important 

role in cultural heritage, new and efficient systems 

being obtained and successfully tested on wood, such 

as metallic oxides (ZnO, TiO2, CuO) [13-16], metallic 

nanoparticles (Ag) [17] and recently, hydroxyapatite 

(HAp) (Ca10(PO4)6(OH)2: Ca/P = 1.67) [1, 18-20]. By 

replacing the phosphate and/or the hydroxyl groups 

from the apatite structure with carbonate groups, 

carbonated hydroxyapatite can be obtained and its 

mechanical and antimicrobial properties can be 

enhanced by the insertion of metallic ions that replace 

calcium. With a similar structure compared with HAp 

and better characteristics, CHAp can improve the 

wood resistance to environmental impact [18]. 

This paper aims to obtain new composite 

coatings based on PHBHV and inorganic 

consolidants, such as ZnO micronized particles [16], 

carbonated hydroxyapatite (CHAp) and CHAp 

derivatives with different metal ions (Ag+, Sr2+) [18]. 

The obtained solutions were tested on firwood 

samples, in order to investigate the potential of new 

solutions for artifacts preservation. 

 

2. Materials and methods 
 

Wooden materials: 

In this study, firwood specimens (7x3x1 cm) 

without knots were treated by brushing three times on 

all sides with the solutions based on PHBHV and 

particles. 

Solutions preparation: 

PHBHV powder with a molecular weight of 

67,000 g/mole containing 2% hydroxyvalerate (Good 

Fellow) was used as composites matrix. A solution of 

PHBHV (1 wt%) in chloroform was prepared by 

heating the solution for 6 h at 60 °C under magnetic 

stirring [21]. The PHBHV/ZnO solution was obtained 

according to Fig. 1. 

 

 
 

Fig. 1. Schematic diagram of the procedure for the preparation of the PHBHV/ZnO composite 
 

CHAp and its metallic derivatives (Ag, Sr) 

nanoparticles (NPs) have been prepared by a 

nanoemulsion technique described in our previous 

study [18] and then used in order to obtain 

PHBHV/CHAp NPs, PHBHV/AgCHAp NPs and 

PHBHV/SrCHAp NPs solutions. The solutions were 

obtained in the same way as in the case of 

PHBHV/ZnO solution. 

 

3. Characterization methods 

 

Colorimetric Measurements have been recorded 

with a CR-410 colorimeter (Konica Minolta, Tokyo, 

Japan). The measurements were expressed following 

the CIE L* a* b* systems [22]. The total color 

differences ΔExfinal was estimated according to EN 

15886 [23] and ASTM 2244 [24], and calculated 

using formula (1). 

 

          (1) 

 

where, ΔL is the difference in lightness 

( ), Δa is the 

chromatic deviation of the a coordinates (ranges in 

value from +60 (red) to -60 (green), 

) and Δb is 

chromatic deviation of the b coordinates (ranges in 

value from +60 (yellow) to -60 (blue), 

). 

The colorimetric investigation has been recorded 

for the untreated and treated specimens with PHBHV, 

PHBHV / CHAp, PHBHV / AgCHAp, PHBHV / 

SrCHAp and PHBHV / ZnO solution applied by 

brushing on the surfaces of firwood specimens. 

Gloss Measurements have been performed 

according to ISO 2813 [25] with 3nh glossmeter, 

model HG268. This technique has been used in order 

to investigate the specular reflection gloss of the 
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surfaces. The glossmetric investigation was recorded 

for untreated and treated samples. 

Mechanical Testing Measurements have been 

recorded with a Silver Schmidt Hammer Proceq test 

hammer, type L-0.735 Nm impact energy, according 

to ASTM C805 [26]. The strength range of the Silver 

Schmidt test hammer is from 10-100 N/mm2. For 

each sample, ten replicates in different places were 

recorded with the hammer positioned at 90o 

downward and the result (rebound number value) was 

calculated as the average of the readings. 

Water Absorption Test offers information about 

the quantity of water absorbed by a material at room 

temperature. In the first step, all the samples have 

been dried in an oven for 8 hours at 40 ºC, this low 

drying temperature will prevent the deterioration of 

any organic substances employed in the case of 

treated samples. After drying, the samples were left at 

room temperature to cool, and then weighed (W1). 

Once being completely dried and the constant mass 

being recorded, the samples were placed in a tray 

filled with distilled water for 24 hours. Then the 

samples were removed from the water, wiped with a 

paper towel and weighed (W2). The water absorption 

(WA) was calculated using formula (2). 

 

                  (2) 

 

Water Drop Absorption test measures the 

absorption time of a limited and definite amount of 

water by the surface of a material. In the first step, all 

the samples have been dried in an oven for 24 hours 

at 60 ºC, and then the samples were left at room 

temperature to cool. A burette (filled with distilled 

water) was placed at a distance of 1 cm from the 

sample surface and then 1 mL of water was dropped 

onto the surface of the sample. The time required for 

the total absorption of the water in the case of all 

samples was investigated. 

 

4. Results and discussion 

 

In order to investigate the ability of the new 

materials to consolidate the wood, the first step was 

to determinate the variation of chromatic parameters 

before and after the application of the treatment (Fig. 

2 (a) and (b)). Chromatic parameters are important 

because the applied treatment must not significantly 

change the original colour of the object. Compared 

with Control (untreated wood) it can be observed that 

all the treated samples present very low differences in 

the case of Δax coordinate, that indicated sample 

reddening (Fig. 2 (a)). In the yellow-blue interval 

(Δbx) some changes in colour can be observed 

(indicating yellowing), mostly in the case of the 

samples where particles are present, but these 

differences of colour are below 3, what means that the 

samples colour is stable. Also, the total colour 

differences ΔEx confirms that the surface of the 

samples treated with PHBHV-ZnO and PHBHV-

AgCHAp are the most light in colour, due to the 

presence of the particles. These differences are 

acceptable because the values are below 3 what 

means that consolidate doesn’t influence the colour of 

the samples. In the case of PHBHV-CHAp and 

PHBHV-SrCHAp, ΔEx ranges from 1.5 to 3.0, what 

means that the difference is barely noticeable on the 

surface, and for PHBHV the difference is slightly 

perceptible [27]. The graphic representation of the 

colour of the samples (Fig. 2 (b)) confirms that the 

closest colour to the control samples are the samples 

treated with PHBHV and PHBHV-CHAp. 

 

 
 

Fig. 2. Chromatic parameters (a) and graphic 

representation of the colour of the samples in the 

CIE 1931 system (b) of the untreated and treated 

samples 

 

Gloss measurements (GU) were carried out in 

order to investigate the changes in the texture of the 

samples (changes in reflecting properties over the 

surface). It can be observed (Fig. 3) that all the 

samples presented a low gloss (values under 10 gloss 

units-GU), and when the treatment is applied the 

gloss of the sample present a small decrease, mostly 

in the case of the samples treated with the solution 

based on PHBHV-ZnO. 
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Fig. 3. Glossmetric measurements of the 

untreated and treated samples 
 

Mechanical measurements were recording with 

Silver Schmidt test hammer in order to evaluate the 

mechanical properties of the wood samples. The 

rebound number measurements for the untreated and 

treated samples are shown in Fig. 4. Compared to 

control, all the treated samples presented an increased 

rebound number. The sample treated with PHBHV-

CHAp NPs presents the highest values. The addition 

of the particles on the samples surface enhanced the 

durability of wood compared to the untreated wood, 

due to the role of the particles in reinforcing the wood 

[1]. 

 

 
 

Fig. 4. Mechanical strength of the untreated and 

treated samples 
 

Wood is a hydrophilic material and adsorbs 

moisture when it is exposed to real conditions. Water 

absorption test (Fig. 5) was carried out in order to 

investigate the quantity of water absorbed by a 

material under specified conditions. Compared with 

control it can be observed that the treated samples 

present a lower absorption capacity (the untreated 

sample has absorbed almost a double amount of water 

compared to treated samples), what proves the 

efficiently of the treatment. 

Fig. 6 presents the aspect of untreated and 

treated sample, which confirms that treatment 

prevents exfoliation of the sample (a very common 

phenomenon in the case of wood found in nature). 

 

 

 
 

Fig. 5. Water absorption test of untreated and 

treated firwood specimens 
 

 
 

Fig. 6. The aspect of the samples after water 

absorption test (24 hours in water) 
 

 
 

Fig. 7. Water drop absorption at different times 
 

Once again, the hydrophobic character of the 

treated materials is confirmed by water drop 

absorption. After the drop touched the surface of the 

materials, in the case of control sample the drop 

adhered to the surface of the material, confirming its 

hydrophilicity (Fig. 7). While, in the case of the 

treated materials the drop did not adhere to the 

surface of the material, which means that after the 

treatment, the surface of the material has become 

hydrophobic. Also, the untreated wood has absorbed 

the drop after only 2 hours and after 8 hours the 
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sample was completely dried (Fig. 7 - control). In the 

case of the treated materials, the drop remains on the 

wood surfaces until it evaporates, after 8 hours ~70% 

of the drop was evaporated. After 24 hours, the drop 

was completely evaporated from the surface of the 

treated materials, so the treated samples maintained 

their hydrophobic character in time. 

 

5. Conclusions 

 

This study investigated the potential of 

biodegradable coatings based on PHBHV and 

particles, tested on the firwood samples, as a new 

solution for preservation of some wooden artifacts. 

The values obtained on colorimetric and gloss 

measurements have confirmed that all consolidates 

did not significantly influence the aspect of the 

samples. The hardness test reveals that the presence 

of the consolidating system increases the mechanical 

properties of the samples. The improvement of 

resistance was achieved for all the treated samples, 

mostly in the case of the samples treated with 

PHBHV-CHAp. The tests performed in order to 

investigate the absorption capacity of the samples 

confirmed that the used treatments confer a strong 

hydrophobic character to the samples, due to the fact 

that the drop was not absorbed by the material but 

evaporated in time from the surface samples. Also, by 

visual analysis it can be confirmed that the untreated 

sample presents a strong exfoliating behavior of the 

surface, compared to the treated sample. So, 

following these results it can be confirmed that the 

developed treatments for firwood protection are a 

good alternative to protect the wood-based materials 

found in nature. 
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