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Abstract: In this study, the resistance of poplar wood (populous deltoides) impregnated with nano zinc oxide
against color change was investigated. For this purpose, the samples were impregnated with three
concentrations of nano zinc oxide, 0.5, 0.75 and 1%, by full cell method. Then, the samples were exposed to
artificial weathering test duration of 200, 400 and 600 hours.  With  completion  of  weathering in each stage,
the amount of samples color change ( E ) was measured by using of spectrophotometer system. The results*

showed that the amount of color change of samples treated with nano zinc oxide was less than untreated one.
so that, with increasing of concentration, the changes was reduced and the best resistance was observed in
samples treated with concentrations of 1.5%. Although with increasing of time, browning slowly was occurred
in all samples. From these observations had result that nano zinc oxide can be used as an important material,
separated or combined with other materials in wood preservation in the external environment.
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INTRODUCTION mold inhibitor in latex paints and in coatings for paper [4].

Nanotechnology is defined as the development and properties that differ significantly from larger particles of
application of materials, devices and systems using the same material, such as their interaction with
particles in the size range of iota 100 nanometers with prokaryotic and eukaryotic systems [2, 5]. Indeed, there
fundamentally new properties and functions because of have been reports of marked antibacterial activity
their structure [1]. Nanopreparations of metals, such as demonstrated   by   nano-particles  of  ZnO  [6, 7, 8].
zinc, may possess unique characteristics that are totally Reddy et al. [6] report selective toxicity of nano-materials,
different from the characteristics of the elemental metal. including metal oxides, to prokaryotes and eukaryotes.
Nanopreparations of metals alter several characteristics Studies on eukaryotes, primarily involving mammalian
such as size, charge and dispersion properties that may cells, indicate that nano-particles of ZnO cause higher
improve their performance in wood protection levels of oxidative stress resulting in inflammation and
applications [2]. Nanometals created by pyrolysis cytotoxicity. In prokaryotes, oxidative stress can induce
demonstrate precisely controlled particle size in the 1 to cell death due to interactions between reactive oxygen
100 nanometer  ranges  which may improve penetrability species and proteins, DNA or the cell  membrane [9, 10].
of the chemical into wood relative to nanometals prepared In a previous study, our observations showed that
by grinding.If the particle size is smaller than the diameter unleached wood impregnated with particulate 30 nm ZnO
of the wood window pit (<10,000 rim) or the opening of caused moderate termite mortality in laboratory no-choice
the bordered pit (400 to 600 nm), complete penetration and bioassays compared to no mortality fortermites exposed
uniform distribution would be expected [3]. to wood treated with soluble zinc sulphate (ZnSO4)

Zinc oxide (ZnO) has a long history of use in solution [11, 12].
numerous applications in forest products and related The objective of this study was to evaluateeffect of
industries, including  UV stabilization in wood coatings, nanozinc oxidetreatment on wood change color on
as an antifouling agent in marine paints, pigment and accelerated weathering.

Nano-materials often exhibit novel physiochemical
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MATERIALS AND METHODS

Test Sample Preparation: For this test, 24 poplar wood
samples (populus deltoides) with dimensions of 50 × 50 ×
3 mm (respectively longitudinal, tangential and radial)
were prepared for each time stage. For balancing these
samples  had  set  in  a KELIMA room before
impregnation (kelimaroom: 65% relative humidity,
temperature 20°C).

Impregnation with Nano Zinc Oxide: After balancing, the
poplar wood samples were impregnated by nano zinc Fig. 1: Impregnated sample with Nano-Zinc Oxide
oxide with particles size of 20 nm. For this reason, the first
suspension of nano zinc-oxide was prepared with In above equation, L  shows the light amount and its
concentrations of 0.5%, 1%, 1.5%. Then, the samples were value is from zero for black to hundred for white. a ,b  are
impregnated by full cell method (cell wall filled with coloration characteristics and a , b  and L  are
protective material) according to AMERICAN standard of changes of a , b  and L  before and after weathering
wood protection committee (E10-08) [13]. Untreated respectively.
samples were used as control samples.

Artificial Weathering: The samples, after impregnation
with nano zinc oxide, were put into artificial weathering Color   Change    after   Impregnation:   The  samples
system (Fig. 1). In this system, UV radiance, spray of after  impregnated  with  nano zinc oxide almost didn’t
water and temperature perform as a round cycle. UV ray show  any  color  change  at  three   concentrations,
was radiated on the samples, was from UVA type with i.e.0.5, 1 and 1.5%. While common protective materials
wave length range of 320 to 400 nm. From these samples, such as creosote and water-soluble protective material
ones were picked that only one side of them was exposed such as CCA cause the obvious color changes in wood
to UV ray. [14].

In this study, for survey of effect of this nano material Table1 show that the brightness ( L ) of surface of
on prevention of wood color change during time, the samples after impregnation was increased slightly.
samples were exposed to artificial weathering test duration Increasing of  brightness  can  be  due  to white color
of 200, 400 and 600 hours. Then, with completion of nano-zinc  oxide. However,  these changes are not
weathering in each stage, the samples color changes were visually recognizable (Fig. 2).
measured to survey optical severance effect of this
material by increasing of time in treated samples in Color Change after Weathering: For color changing, UV
comparison to untreated ones. radiation was performed on treated samples with nano

Color Change Measurement: The samples color changes PREN927-6 (CEN2004)  that is  a valid standard.
were evaluated via visual control and photography by According to this standard, during radiation of waves
using of color measurement system (spectrophotometer) with wave length 320 to 400 nm, that the peak is 340 nm,
according to standard of ISO- 4287-2. For color change the amount of transferred energy to the samples was
measurement, L , a  and b  parameters were calculated for about 4000 kg/m .* * *

treated and untreated samples before and after
weathering. Then, color change calculated by following
formula:

*

? ?

* * *

* * *

DISCUSSION AND CONCLUSION

*

zinc oxide and untreated ones according to draft of

2

Table 1: Color change of poplar wood samples after impregnating with
nano-zinc oxide

Concentration (%) L* a* b* E*
ZnO1.5% 1.13 -1.29 -0.52 1.78
ZnO 1% 0.28 -0.15 -1.21 1.24
ZnO0.5% 0.28 0.19 -1.15 1.19
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Table 1: color Change of poplar wood samples treated with nano-zinc oxide after artificial weathering test

200h 400h  600h

------------------------------------------------ ------------------------------------------------ ------------------------------------------------

Type of Treatments L* a* b* E* L* a* b* E* L* a* b* E*

Control samples 14.42- 3.77 -3.35 15.27 20.52- 1.22 6.13- 21.45 25.24- 0.14 11.57- 27.76

ZnO 1.5% -7.53 1.96 0.98 7.84 -9.91 0.71 -1.33 10.02 -13.12 -1.06 1.97- 13.30

ZnO 1% -9.21 0.89 1.24 9.33 -11.94 0.02 2.92- 12.29 -15.43 -1.73 3.34- 15.88

ZnO 0.5% -10.18 0.48 1.75 10.34 -13.16 0.63- 4.61- 15.27 -17.72 2.49- 6.91- 19.18

Fig. 2: Artificial weathering system

Fig. 3: Untreated sample (1) and treated sample with
nano-zinc oxide at concentration 1.5 % (2) after
600 hours artificial weathering.

Zinc  oxide, a highly effective UV blocker in
sunscreen products, may show a similar function in
nanolayers to protect  wood  against  microbial  attackand
weathering. It can be used as a UV-shielding material
because of its great ultraviolet absorption [15]. After
artificial weathering, treated specimens with nano-zinc
oxide were visibly brighter than untreated control ones,
particularly  on  the  unexposed  surface in three times
(Fig. 3).

Graying was significantly diminished by the nano-
zinc oxide treatment, especially at higher treatment
concentrations, although it was not completely eliminated
by the treatment. Treated specimens with 1 and 1.5%
nano-zinc oxide  showed surface changes (i.e. fuzzing)
that was not visible in the control ones or treated
specimens with 0.5% concentration. Moderate checking
also occurred in all treated specimens but was more
marked in the treated specimens with 0.5% nano-zinc
oxide than the specimens treated with higher
concentrations (Table.2).

CONCLUSIONS

Weathering is created by the light, moisture and
other factors such as temperature. UV radiation, as the
most important factor in the artificial weathering effects on
the surface of wood. Therefore, it can be said that the
weathering is a surface phenomenon. Nano zinc oxide
with increasing of the contact surface and improving of
the optical properties prevents UV radiation effect on the
wood surface, lignin especially; and prevents the
formation of free radicals. These properties, improve
resistance against wood change color. Therefore, Carroll
and et al. (2010) had stated that nano zinc oxide reduces
erosion, graying and surface degradation occurred in the
external environment. There upon anti-UV properties of
nano zinc oxide can protect the wood against the
weathering  and  sustain   resistance  against  leaching
[16, 17]. Therefore, nano zinc oxide can be enumerate as
an important material in the formulation of materials
related to the protection of wood, by reducing of color
changing due to  artificial  weathering and the lack of
color change after impregnation.
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