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 Wood is naturally made and consists of carbon hydrates and lignin in its structure. It 

can be destroyed by different factors such as UV rays, fungi, beetles, ants, marine 
borers and chemicals. This fact decreases its durability in the wooden structures. The 

aim of this study was to evaluate the resistance of poplar wood treated with nano silver 

(AgO), zinc (ZnO) and an equivalent weight mixture of them against color change due 
to natural weathering. For this purpose, cottonwood (Populus deltoides) sapwood was 

cut into 60 samples with dimensions of 50×50×3 mm and impregnated with the 

nanomaterials at three concentrations, namely 0.5, 1 and 1.5%, by full-cell process and 
then, exposed to natural weathering. The samples color change was measured by 

spectrophotometer according to ISO-4287-2 standard method. The results showed that 

nano-ZnO treated samples had the lowest color change despite the samples color 
change due to impregnation was less in the samples impregnated with nano ZnO-AgO 

than the samples containing nano-AgO. After weathering, the lowest color change 

occurred in the samples containing ZnO-AgO nanoparticles compared to the samples 
treated with each nanomaterial and untreated samples, and the samples treated with 

1.5% nano ZnO-AgO had the greatest resistance against natural weathering. The 

preservation effect of nano ZnO-AgO mixture against weathering agents was clearly 
visible compared to untreated samples and therefore, it can be used in the wood 

preservation as an effective preservative. 
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INTRODUCTION 

 

 The wood surface is vulnerable against different destructive factors such as UV rays. When wood is used in 

the external applications, it always exposes to weathering phenomenon. Weathering results in undesirable 

changes such as color change, roughness increment, surface fractures and decreasing physical and mechanical 

properties [11, 30]. The free radicals formation due to UV rays and microorganisms activities along with moisture 

increment should be prevented to protect wood against color change during weathering [4]. 

 Wood preservation with nanomaterial can be an incredible and important advance in improving wood 

durability and performance along with conservation of its beautiful appearance. Recently, the effects of 

nanomaterial utilization on improvement of the wood resistance against different wood destructive factors have 

been investigated in several studies [1, 8, 9, 10, 15, 23, 27, 28, 32]. Nanoscale materials are defined as a set of 

substances where at least one dimension is less than approximately 100 nanometers [6, 21, 29]. Freeman and 

McIntyre [15] reported that nano-metals with dimensions that are smaller than the wood pores (100 μm) and/or 

intercellular pores (400-600 nm), can penetrate the porous structure of wood and influence wood resistance 

against destructive factors. The UV region of solar radiation causes maximum damage on the wood surface, 

which is an excellent absorbing material due to having lignin [19, 26].  

 High crystalline nano zinc oxide with 5-7 nm particle size absorbs solar radiation in the visible region [5]. In 

addition, it prevents the penetration of UV rays into the wood [32]. Kartal et al. [23] evaluated leachability and 

efficacy of southern yellow pine wood treated with copper, zinc, or boron nanoparticles against mould fungi, 

decay fungi, and Eastern subterranean termites and expressed that nano-copper with or without surfactant, nano-

zinc, and nano-zinc plus silver with surfactant resisted leaching compared to metal oxide controls. Nano-zinc 
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possessed the most favorable properties such as leaching resistance, termite mortality, and inhibition of termite 

feeding and decay by white-rot fungi. 

 One of the most important properties of nano-silver oxide is antibacterial property, which has made it 

appropriate to use in the refrigerator, clothes washer and dishwasher, as an antiseptic, and preservation of wood 

and wooden composites [13, 14, 16]. Silver ions interact with disulfide or sulfhydryl groups of enzymes, causing 

structural changes that lead to disruption of metabolic processes followed by cell death. Recently, it has been 

suggested that the antibacterial mechanism of silver nanoparticles may also be related to membrane damage due 

to free radicals that are derived from the surface of the nanoparticles [7, 24]. Nano-AgO can be used as antifungal 

agent [31]. Kang et al. [22] expressed that silver nanoparticles possess a high thermal conductivity. Clausen [8] 

expressed that silver, zinc and copper nanoparticles have high transmittance and low viscosity, which allow them 

to distribute uniformly in the wood. Therefore, the nanomaterial may improve the preservative penetration in the 

commercial woods and the treatability of durable woods.  

 With concentration on such properties of silver and zinc nanoparticles, studying the effect of wood 

impregnation with a mixture of those nanomaterials on the weathering resistance of poplar sapwood was the goal 

of this study. 

 

MATERIAL AND METHODS 

 

Samples Preparation: 

 Cottonwood (Populus deltoides) sapwood obtained from the research forest in Shastkalateh, Golestan 

province, Iran, was cut into 60 samples with dimensions of 50×50×3 mm and dried in oven at 103±2 ˚C for 24h. 

Afterwards, they were conditioned at 20±3˚C and a relative humidity of 65±5% before impregnation process. 

 

Samples Impregnation: 

 The prepared samples were impregnated with nano zinc, silver (with 20 nm particle size) and an equivalent 

weight mixture of them. For this purpose, nanomaterial suspensions were prepared in ultrasonic bath at 60 ˚C and 

three concentrations, namely 0.5, 1 and 1.5%, suspended in monoethylene glycol and distilled water. The 

nanomaterials ratio was 1:1 in the mixture. The samples were impregnated by full-cell process according to 

AWPA E10-08 standard method [3]. Untreated samples were used as controls. 

 

Weathering Test: 

 The samples were placed in a wooden frame and exposed to natural weathering with an angle of 45˚ to the 

horizon for 3 months. After this period, the samples color change was calculated. The effective factors in natural 

weathering are included: UV rays, moisture and temperature changes, fungi, bacteria and other microorganisms.  

 

Color Measurement: 

The color change of sample surface was measured by Spectrophotometer (UV/VIS) JENWAY 6300 

according to ISO-4287-2 standard method [20]. For this purpose, L
*
, a

*
and b

*
 parameters were measured for both 

treated and untreated samples before and after weathering. Afterwards, color change was calculated by following 

equation: 

  2
1

2*2*2** balE 
 

 

RESULTS AND DISCUSSION 

 

Samples Color Change due to Impregnation: 

 The samples color change was slight due to impregnation with nano-zinc oxide at all concentrations and 

therefore, they preserved their natural color and approximately showed no color change compared to other 

treatments (Table 1). The brightness of samples surface (∆l*) was positive after impregnation, which indicated 

the brightness increment or whitening of samples surface due to ZnO nanoparticles. 

  
Table 1: Color change of poplar wood samples due to impregnation with nano-ZnO. 

∆E* ∆b* ∆a* ∆L* Concentration (%) 

1.19 -1.15 0.19 0.28 0.5 

1.29 -1.21 -0.15 0.44 1 

1.78 -0.52 -1.29 1.13 1.5 

 

 The results of impregnation with nano-silver oxide were completely different. The samples ∆l* significantly 

decreased and the color change increased with increment of nano-AgO concentration. As shown in Table 2, wood 

impregnation with nano-AgO had the greatest effect on the brightness of samples surface and they became darker 

with increasing nanomaterial concentration. It can be due to darkness of nano-AgO powder followed by prepared 



981                                                                    Pouya Marzbani et al, 2014 

Advances in Environmental Biology, 8(10) June 2014, Pages: 979-983 

suspension. While color change was significantly less due to impregnation with mixture of nano ZnO-AgO than 

that of nano-AgO; because nano-ZnO is a white powder and using it together with nano-AgO resulted in a whiter 

suspension compared to net nano-silver suspension. 
 

Table 2: Color change of poplar wood samples due to impregnation with nano-AgO 

∆E* ∆b* ∆a* ∆L* Concentration (%) 

19.47 6.82 7.75 -16.25 0.5 

25.42 1.03 5.13 -24.66 1 

46.72 3.19 6.43 -45.91 1.5 

 

Table 3: Color change of poplar wood samples due to impregnation with mixture of nano ZnO-AgO. 

∆E* ∆b* ∆a* ∆L* Concentration (%) 

10.50 5.88 -3.13 -8.12 0.5 

15.63 9.39 -2.64 -12.21 1 

16.69 9.31 -4.96 -12.94 1.5 

 

Samples Color Change due to Weathering: 

 The color change, which is the most important factor in weathering evaluation, decreased in the samples 

treated with nano-ZnO (especially in higher concentrations) compared to untreated samples. Lignin absorbs 80-

90% of UV radiations glowed on the wood [25] that causes to produce free radicals. They react with oxygen and 

produce carbonyl and carboxyl colored groups [18, 19]. These groups are responsible for wood color change and 

make its surface darker [5, 12]. During weathering, ∆a
*
 and ∆b

*
 parameters had less changes in the treated 

samples compared to untreated samples, which significantly decreased with increasing nanomaterial 

concentration. It may indicate the reduction of lignin destruction and generation of colored groups. ∆l
*
 was 

significantly affected by nanomaterial concentration changes. Minimum brightness loss occurred in the samples 

with 1.5% nanomaterial concentration. Brightness loss in the samples containing ZnO nanoparticles indicated the 

effect of UV radiations, decay fungi and mildews on the wood, in spite of nano-ZnO properties (Table 1). Decay 

fungi and mildews can contribute to brightness loss [17]. When nano-AgO was injected into the wood together 

with nano-ZnO, as mixture of nano ZnO-AgO, it prevented fungal activity due to its antifungal and antibacterial 

properties [31], which significantly caused to decrease brightness loss in the samples containing nano ZnO-AgO. 

The color change was clear in the samples treated with 0.5% nano ZnO-AgO compared to untreated samples, 

while the samples containing 1.5% nano ZnO-AgO had the best performance in improving weathering resistance 

(Table 3). The samples, which were impregnated with net nano-silver, had more color change than two previous 

treatments (Table 2). Although nano-AgO significantly decreased the samples color change compared to 

untreated samples due to its antifungal properties, but its instability due to light caused more color change 

compared to the samples containing nano-zinc or nano ZnO-AgO. 

 
Table 1: Color Change of poplar wood samples treated with nano-ZnO due to natural weathering. 

∆E* ∆b* ∆a* ∆L* Treatment 

37.09 -11.57 0.14 -35.24 Control 

16.15 3.72 3.71 -15.25 0.5% 

14.26 3.79 3.51 -13.22 1 

12.28 3.74 2.87 -11.34 1.5 

 

Table 2: Color Change of poplar wood samples treated with nano-AgO due to natural weathering. 

∆E* ∆b* ∆a* ∆L* Treatment 

37.09 -11.57 0.14 -35.24 Control 

21.23 -6.91 -2.49 -19.92 0.5 

17.33 -4.34 -1.73 -16.73 1 

15.39 -3.97 -1.06 -14.84 1.5 

 

Table 3: Color Change of poplar wood samples treated with nano ZnO-AgO due to natural weathering. 

∆E* ∆b* ∆a* ∆L* Treatment 

37.09 -11.57 0.14 -35.24 Control 

15.27 -4.61 -0.63 -13.16 0.5 

12.35 3.79 3.51 -11.22 1 

10.02 -1.33 0.71 -9.91 1.5 

 

Conclusions: 

 Since weathering is a surface phenomenon [2], initially it causes to destruct wood components on its surface. 

The nanomaterials, which were used separately in this research, revealed effectively their preservation ability and 

caused less color change compared to untreated samples. ∆l
*
 and ∆b

*
 significantly decreased in the samples 

impregnated with nano ZnO-AgO, even compared to treated samples with each nanomaterial, that resulted in 

significant reduction of the samples color change. Minimum color change occurred in the samples containing 

1.5% nano ZnO-AgO. Therefore, this mixture can be used in the wood preservation as an effective preservative. 
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