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Photocatalytic Degradation of Wood Coated with a
Combination of Rutile TiO2 Nanostructures and Low-
Surface Free-Energy Materials

Rongbo Zheng,»»* Mandla A. Tshabalala,~* Qingyu Li, and Hongyan Wang¢

To test the hypothesis that wood coated with rutile TiO, nanostructures
can undergo degradation because of the photocatalytic activity of TiO,,
three sets of wood specimens were aged at an accelerated rate. These
three sets consisted ofblankwood (BW), HDTMOS/MTMOS-coated wood
(WHM), and TiO,/HDTMOS/MTMOS-coated wood (WTHM). After
exposure to 155-h UV irradiation, the wettability of WTHM changed from
hydrophobic to hydrophilic. This indicated that the initial low-surface free-
energy materials underwent degradation because of the photocatalytic
activity of TiO,. After exposure to 960 h of UV light irradiation and water
spray, scanning electron microscopy (SEM) and energy dispersive X-ray
analysis (EDXA) of WTHM showed that rutile TiO, nanostructures had
partially peeled off the wood surface. This suggested that the adjacent
wood surface also suffered degradation because of the photocatalytic
activity of TiO,. Although the rutile TiO, coating noticeably enhanced the
color stability during UV light aging, it made a relatively small contribution
to the color stability of the wood during UV light and water spray
weathering process. This study suggeststhatto derivethe greatest benefit
from modification of wood surfaces with rutile TiO, nanostructures for
weathering resistance, it is necessary to take measures to inhibit the
photocatalytic activity of TiO, or to fix the TiO, coating on the wood
surface.
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INTRODUCTION

When wood materials are used without protection outdoors, they undergo
degradation because of the effect of sunlight and water. Deterioration of the wood surface
caused by exposure to sunlight and rain is referred to as weathering. Approaches, such as
heat treatment, acetylation, furfurylation, treatments with oils and waxes, silica, silicones
and silanes, to improve the weathering performance of wood and preserve its aesthetic
qualities are being continually refined, and other new approaches are being developed.
These include nanosol treatment (Mahltig et al. 2008; Xu et al. 2010; Tshabalala et al.
2003,2011), hydro/solvothermal treatment (Li etal. 2010), and the room temperature wet
chemical route (Zhengetal. 2015a).
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It is well known that some inorganic oxides such as TiO,, ZnO, or FeO are good
UV light absorbers. Thus, weathering performance (i.e., color stability or hydrophobicity)
of wood can be improved by either adding TiO, into clear stain coatings (Cristea et al.
2011; Saha et al. 2011; Fufa et al. 2012) or in-situ coating with barrier films comprised of
nanostructures of TiO, and low-surface free-energy materials (Sun et al. 2011; Wang et al.
2011; Chu et al. 2014; Wang et al. 2014; Zheng et al. 2015a, 2015b). TiO, nanostructures
are expected to provide both UV light resistance and liquid water repellence, and the low-
surface free-energy materials are expected to enhance the moisture resistance of the wood
substrate. As anticipated, TiO, coatings have been found to enhance the wood samples’
photostability (Sun et al. 2012; Wang et al. 2014); meanwhile low-surface free-energy
materials were found to increase the hydrophobicity of wood (Chu et al. 2014; Zheng et
al. 2015a). For instance, to enhance the resistance of wood against the action of UV light
and water, Wang et al. (2014) modified Chinese fir wood via a two-step process by first
growing a Ti02 coating using a sol-gel process, followed by treatment with low-surface
free-energy materials, hydrolyzed hexadecyltrimethoxysilane. After 120 h of accelerated
UV radiation without water spray, the overall color change of treated wood samples was
apparently decreased. Notably, when the UV radiation time was prolonged from 20 h to
120 h, the overall color change value of E* (5% TiO, sol concentration) continuously
increased from approximately 3 to approximately 9, although this value was only 44%
(after 120 h of UV exposure) of that of the control samples. Furthermore, Sun et al. (2011)
showed that wood samples coated with TiO, nanospheres exhibited excellent UV
resistance when exposed for 1200 h to UV light and water spray. However, they did not
investigate the effect of titanium’s inherent photocatalytic activity on the weathering
durability.

It is known that, in addition to good UV blocking properties, TiO, (anatase,
noncrystal, or rutile) also show photocatalytic activity (Fujishima and Honda 1972; Wang
et al. 2007; Furusawa et al. 2008; Goncalves et al. 2009; Zheng et al. 2009a, b; Shi et al.
2011), something that is believed to promote the photodegradation of adjacent bio-based
materials, the components of cosmetics and low-surface free-energy materials. For
example, Goncalves et al. (2009) demonstrated that anatase TiO./cellulose
nanocomposites acquired a yellowish color after permanent light exposure because of the
photocatalytic activity of anatase TiO, Shi et al. (2011) also showed that super-
hydrophobic octyltrimethoxysilane/noncrystal TiO./filter paper was converted to super-
hydrophilicity after 20 h of exposure to UV light irradiation. Furusawa et al. (2008)
indicated that even rutile TiO, nanoparticles possess photocatalytic activity, which causes
the degradation of organic components contained in sunscreen agent. In recent articles
(Zheng et al. 2015a,b), the authors have demonstrated that TiO, nanostructures (mainly
rutile phase) could be coated on the wood surface. Unexpectedly, this only slightly
enhanced wood’s weathering performance. Therefore, it is necessary to clarify whether
such rutile Ti02 can contribute to photodegradation of the wood due to the final fate of
initial hydrophobicity and TiO, nanostructures, which account for the durable weathering
resistance of wood (Zheng et al. 2015b).

The objective of the current study was to test the hypothesis that both the low-
surface free-energy materials and adjacent wood component can be degraded by the
inherent photocatalytic activity of TiO,, especially rutile phase (Zheng et al. 2015a, b). The
water contact angle of the treated wood samples was measured to evaluate whether adjacent
low-surface free-energy materials were photocatalytically degraded. By analogy, the
photocatalytic degradation of adjacent wood was evaluated by measurements of changes
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in color, morphology, as well as the loss of TiO,. Finally, the accelerated weathering
performance of TiO, coated wood specimens were evaluated by their color change. The
results of this study suggest that enhancement of the weathering resistance of TiO, coated
wood may be accomplished by inhibiting the photocatalytic activity of TiO, or fixing the
TiO, coating more tightly to the wood.

EXPERIMENTAL

Materials

Wood specimens were obtained from Mountain pine beetle-killed Lodgepole pine
logs. The specimens were each cut into wafers 1.0 mm x 15.8 mm x 51.3 mm in the
tangential, radial, and longitudinal directions, respectively. A 12% TiCl, solution and
hexadecyltrimethoxysilane (HDTMOS) and methyltrimethoxysilane (MTMOS) were
obtained from Sigma-Aldrich.(Milwaukee, WI) All other laboratory chemicals used were
American Chemical Society (ACS) reagent-grade.

Methods
Synthesis of rutile TiO,wood specimens and modification with low-surface free-energy
material

Typically, 8 mL of TiCl; solution, which contains 12 wt.% of TiCl; in hydrochloric
acid, was dissolved in 240 mL of NaCl saturated aqueous solution. The solution pH was
controlled by adding a solution ofNaOH to the saturated NaCl solution (Zheng et al. 2015).
After mixing for 12 h with a magnetic stirrer, 12 replicates ofthe wood wafers were placed
in the coating solution and allowed to react for 10 days without stirring. After reaction, the
specimens were rinsed with deionized water and allowed to dry under ambient conditions.

Ethanol was mixed with a solution of MTMOS and a solution of HDTMOS in
volume ratios of 100:1:1 (95% ethanol:MTMOS:HDTMOS). Wood specimens (TiO,
coated and blank wood) were placed in the coating solution to react overnight at room
temperature. After reaction, the specimens were rinsed with ethanol and dried for 6 h in an

oven at 65 °C, before conditioning at 105 °C for 24 h.

Accelerated weathering

For accelerated weathering studies, six replicates each of control uncoated (BW),
HDTMOS/MTMOS-coated (WHM), and HDTMOS/MTMOS/TiO,-coated (WTHM)
wood specimens were exposed in a Ci-65 WeatherOmeter™ for a total of 960 h using
Program 1, which consisted of a 2-h cycle (102 min of UV radiation followed by 18 min
of radiation and water spray at 0.2 L min?). The light source was a Xenon arc lamp with
borosilicate inner and outer filters, and its irradiance at 340 nm was set at 0.35 W m2. The
light-only black panel temperature (BPT) was 65 * 28 °C; and relative humidity (RH) was
48 + 5%. The light and spray BPT was 50 £ 5 °C and the RH was 80 + 5%. To another
group, BW, WHM and WTHM with another six replicates, were exposed to Program 0,
which consisted of permanent UV radiation only. The light source was a Xenon arc lamp
with borosilicate inner and outer filters, and its irradiance was controlled at 0.35 W m- at
340 nm. For Program O, the BPT was 65 + 2 °C, and RH was 30 * 5%.

Zheng etal. (2016). "Wood photocatalysis by TiO,," BioResources 11(1), 2393-2402. 2395


http://bioresources.com

PEER-REVIEWED _ARTICLE b | oresources.com

Surface characterization

The surface water repellence properties of the wood specimens before and after
accelerated weathering were characterized by dynamic contact angle measurement of a 4-
ML deionized water droplet using a PGX+ Contact Angle Tester (Thwing-Albert
Instrument Company, West Berlin, NJ). The water contact angle (WCA) for each specimen
was determined by taking the average of three measurements made at three different
locations on each specimen. There were six replicates per treatment.

The surface morphology of the specimens was obtained by scanning electron
microscopy (SEM) onaLEO 1530 field emission scanning electron microscope (Carl Zeiss
AG). The surface chemistry was characterized by energy dispersive X-ray analysis
(EDXA). EDXA was performed on a LEO EVO40 scanning electron microscope with an
attached Vantage EDX Analyzer (Carl Zeiss AG).

Surface color measurements were made in the CIEL*a*b* color space with a
Minolta CR-400 Chroma Meter (Osaka, Japan). The L*, a*, and b* values for each
specimen were measured at three contiguous locations on the surface of each specimen
before and after exposure in a Ci65 Weatherometer™ (Atlas Material Testing Solutions,
Chicago, IL). Changes inL*, a*, b* were calculated according to Egs. 1 through 3:

AL* = L*(w)-L*(u) 1)
Aa* = a*(w)-a*(u) (2)
Ab* = b*(w)-b*(u) (3)

where AL*, Aa*, and Ab* are the differences between the weathered (w) and unweathered
(u) surfaces. A positive value signifies an increase, while a negative value signifies a
decrease. The corresponding total color difference was calculated according to Eq. 4:

AE*:{AL*2+A3.*2 +Ab*2}1/2 (4)

Higher values of AE* signify greater discoloration.

RESULTSAND DISCUSSION

After modification with low-surface free-energy materials, such as
HDTMOS/MTMOS, TiO,-coated wood specimens not only become hydrophobic, but also
show enhanced color stability because of the UV light blocking property of TiO, and its
rough surface (Zheng et al. 2015b). It is vital to test the hypothesis that both the adjacent
low-surface free-energy materials and wood components might be photocatalytically
degraded during UV irradiation and water spray because the rutile TiO, may also possess
significant photocatalytic activity.

The effect ofphotoactivity of rutile TiO, on low-surface free-energy materials

As shown in a previous paper (Zheng et al. 2015a, 2015b), wood surfaces coated
with rutile TiO, nanostructures exhibit high hydrophobicity after modification with
HDTMOS/MTMOS. To investigate the effect of the photoactivity of TiO, on
hydrophobicity, wood/TiO,/HDTMOS/MIMOS (WTHM) samples were exposed for 155
h to UV irradiation only. The wettability of the treated wood specimens was evaluated by
WCA measurements (Fig. 1). Before UV exposure, the WCA value of blank wood (BW)
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specimens was 28.2 £ 3.7°. The WCA value increased to 116.7 + 14.6° when the blank
wood specimenswere treated with a mixture of HDTMOS and MTMOS (WHM), showing
transformation of the wood surface from hydrophilic to hydrophobic. In comparison with
the hydrophilic surface of BW, WTHM exhibited noticeably higher hydrophobicity, with
a WCA of 140.0 = 2.0°. After 155 h of UV exposure, although the WCA of BW (24.5 +
2.0°) and WHM (102.8 = 7.0°) slightly decreased, WTHM transformed from high
hydrophobicto hydrophilic, withaWCA ofapproximately 15.9 £ 8.5°. This transformation
is similar to that which occurs when arutile TiO, nanorod film is coated on a glass substrate
(Feng et al. 2005). When the photosensitive rutile TiO, film is irradiated with UV light,
the photogenerated holes will react with HDTMOS/MTMOS molecules to destroy the
HDTMOS/MTMOS monolayer, as opposedto reacting with lattice oxygento form surface
oxygen vacancies, which leads to the highly hydrophilic surface. As shownin Fig. 1,when
the wood was only modified with HDTMOS/MTMOS (WHM), the value of WCA
remained stable. This further indicates that the photoactivity of TiO, is the main contributor
to the transformation from hydrophobicity to hydrophilicity during UV irradiation.
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Fig. 1. WCA of wood specimens before and after 155-h UV irradiation

after 960-h exposure to program 1
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The effect of photoactivity of TiO, on the TiO, coating itself

Similar to low-surface free-energy materials, ifthe adjacent wood components
were also photocatalytically degraded, it might lead to the peeling ofthe TiO,
nanostructure coating from the wood surface under the synergistic action of UV light and
water spray. To investigate the final fate ofthe TiO, nanostructure coating, WTHM
samples were exposed to UV light and water spray for 960 h. The changes in surface
morphology and Ti/C ratio demonstrate the partial TiO, peeling ofthe TiO, coating from
the wood surface after UV light and water spray irradiation. Figure 2 shows the
morphology of the WTHM before and after UV light and water spray in the
Weatherometer™. Figure 3 shows the corresponding atomic compositions.
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Fig. 3. EDX peak ratios of WTHM before and after 960-h exposure to program 1

These changes were manifested as a loss of the nanostructural protrusions that
decorated the surfaces of the microstructures prior to exposure. These changes were
probably caused by the photocatalytic degradation of adjacent wood components, which
led to a decrease in the bonding strength between the wood and TiO, coating. The EDX
results for WTHM (Fig. 3) also showed a noticeable decrease in the relative intensity of
the titanium peak after 960 h of exposure in the WeatherOmeter™, which further
demonstrated the peeling ofthe TiO, nanostructure coating from the wood surface.

Accelerated weathering performance

Because TiO, coatings possess inherent photocatalytic activity, the weathering
performance (e.g., color stability) ofthe rutile TiO,-coated wood specimens might not be
as good as expected after exposure to UV light only or UV light and water spray in the
WeatherOmeterm™.

Figure 4 shows the changes in color parameters (L*, a*, b*, and E*) ofthe BW,
WHM, and WTHM specimens after exposure to Program 0. After exposure to UV for
155 h, the BW surfaces had become darkened, as indicated by a decrease in lightness ( L*
=-15.47). There was also a reddish and yellowish change, as indicated by increases in the
chromaticity parameters ( a* = 10.93, b* =19.06). After the wood was coated with rutile
TiO2 and subsequently modified with HDTMOS/MTMOS, the changes in the color
parameters of the WTHM were obviously inhibited (( L* =0.08, a*=3.52, b*=-7.01).
It is known that higher values of E* represent greater overall discoloration. After 155 h
of UV light irradiation, WTHM specimens showed the least discoloration ( E* = 7.90)
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compared with BW (AE* = 26.89) and WHM (AE* = 21.92). This indicates that the rutile
TiO, nanostructure coating confers considerable enhancement of UV resistance properties
on the wood surface (29.4% of that of BW) during the UV aging process. This
weathering performance is even better than previous results (Wang et al. 2014).
However, during the initial 240-h exposure to UV irradiation and water spray, AE* of
WTHM samples was slightly higher than that of the BW or that of the WHM (Zheng et
al. 2015b). Moreover, AE* values for BW and WHM, after exposure to UV light only
for 155 h, were clearly larger than those observed after exposure for 240 h to UV light
and water spray, something inversely true for WTHM samples.
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Fig. 4. Surface color changes of wood specimens before and after exposure to UV light for 155 h

The aging phenomena documented above may be attributed to the following three
factors: the rinsing action of spray water, the inherent photoactivity of TiO,, and the UV
light blocking ability of TiO,. First, the HDTMOS/MTMOS monolayer was
photodegraded by TiO, and the surface transformed from hydrophobicity to hydrophilicity
(Fig. 1), which facilitated the washing away ofthe products of photodegradation induced
by UV irradiation. Second, adjacent wood components were photocatalytically degraded,
thus resulting in a decrease in the bonding strength between the wood and TiO, coating.
Finally, ifWTHM was only exposedto UV light, because the TiO, coating would not peel
from the wood surface withoutthe rinsing action ofthe spray water, the TiO, coating could
still shield the UV light from the wood surface (Fig. 4). IfWTHM was exposed to UV
light and spray water, a partial TiO, coating would peel from the wood surface with the
rinsing action of the spray water (Figs. 2 and 3). As for the phenomena that E* of
WTHM was the fastest compared with that of BW and WTH after the initial 240 h of
irradiation to UV light and water spray (Zheng et al. 2015b), this may result from the
differentiation of color between the wood surface and TiO,, something further
demonstrated by the stability of both L* and a* of WTHM during the subsequent 720-
h exposure (Zheng etal. 2015b).
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According to the aforementioned hypothesis, AL* and Aa* of WTHM must be continually
maintained so that the TiO, coating would not peel from the wood surface. Thus, the color
change of HMTW progressed at a much slower rate than BW or HMW because of the
relative stability of the remaining TiO, coating during the following 720-h exposure. In
turn, WTHM exhibited the best performance (smallest AE* value) after 960 h of UV
irradiation and water spray (Zheng et al. 2015b). The results of the color change suggest
that the enhancement of weatheringresistance of wood coated with a combinationof rutile
nanostructures and low-surface free-energy materials may be accomplished by taking
appropriate measures to inhibit the photocatalytic activity of TiO, or to fix TiO, coating
more tightly to the wood.

CONCLUSIONS

1. The photocatalytic property of TiO, had an effect on both the initial hydrophobicity
and the TiO, coating stability when WTHM was exposed to UV irradiation and water
spray.

2. The wettability of WTHM changed from initial hydrophobicity to hydrophilicity after
155 h of UV irradiation because ofthe photocatalytic property of TiO..

3. The TiO, coating peeled off the wood surface after WTHM was exposed to 960 h of
UV irradiation and water spray.

4. The TiO, coating could apparently enhance the color stability ofwood during UV light
irradiation without water spray.

5. Additional studies are required to inhibit photocatalytic properties of TiO, or to fix
Ti0, coating more tightly to the wood to enhance the weathering performance ofwood.

ACKNOWLEDGMENTS

The authors are grateful for the support of the National Natural Science Foundation
of China (31100420, 31170530, 30930074, 41563008). The financial support for Dr.
Rongbo Zheng’s visiting scholar position at the USDA Forest Products Laboratory (FPL)
was provided by the China Scholarship Council (CSC).

REFERENCES CITED

Chu, T. V., Chuong, P. V., and Tuong, V. M. (2014). “Wettability of wood pressure-
treated with TiO, gel under hydrothermal conditions,” BioResources 9(2), 2396-2404.
DOI: 10.15376/biores.9.2.2396-2404

Cristea, M. V., Riedl, B., and Blanchet, P. (201 1). “Effect ofaddition ofnanosized UV
absorbers on the physico-mechanical and thermal properties of an exterior waterborne
stain for wood,” Progress in Organic Coatings 72(4), 755-762. DOI:
10.10164.porgcoat.2011.08.007

Zheng etal. (2016). “Wood photocatalysis by TiO,,” BioResources 11(1), 2393-2402. 2400


http://bioresources.com

PEER-REVIEWED ARTICLE b | oresources.com

Feng, X. J., Zhai, J., and Jiang, L. (2005). “The fabrication and switchable
superhydrophobicity of TiO, nanorod films,” Angewandte Chemie International
Edition 44(32), 5115-5118. DOI: 10.1002/anie.200501337

Fufa, S. M., Jelle, B. P., Hovde, P. J., and Rarvik, P. M. (2012). “Coated wooden
claddings and the influence of nanoparticles on the weathering performance,”
Progress in Organic Coatings 75(1-2), 72-78. DOI: 10.1016/j.porgcoat.2012.03.010

Fujishima, A., and Honda, K. (1972). “Electrochemical photolysis of water at a
semiconductor electrode,” Nature 238(5358), 37-38. DOI: 10.1038/238037a0

Furusawa, T., Honda, K., Ukaji, E., Sato, M., and Suzuki, N. (2008). “The microwave
effect on the properties of silica-coated TiO, fine particles prepared using sol-gel
method,” Materials Chemistry and Physics 43(4), 946-957. DOI:
10.1016/j.materresbull.2007.04.031

Goncalves, G., Marques, P. A. A. P., Pinto, R. J. B., Trindade, T., and Neto, C. P. (2009).
“Surface modification of cellulosic fibres for multi-purpose TiO, based
nanocomposites,” Composites Science and Technology 69(7-8), 1051-1056.DOI:
10.1016/j.compscitech.2009.01.020

Li, J., Yu,H. P., Sun, Q. F., Liu, Y. X,, Cui, Y. Z., and Lu, Y. (2010). “Growth of TiO,
coating on wood surface using controlled hydrothermal method at low temperatures,”
AppliedSurface Science 256(16), 5046-5050. DOI: 10.1016/j.apsusc.2010.03.053

Mahltig, B., Swaboda, C., Roessler, A., and Bottcher, H. (2008). “Functionalising wood
by nanosol application,” Journal of Materials Chemistry 18(27), 3180-3192. DOI:
10.1039/B718903F

Saha, S., Kocaefe, D., Sarkar, D. K., Boluk, Y., andPichette, A. (201 1). “Effect of TiO,-
containing nano-coatings on the color protection of heat-treated jack pine,” Journal of
Coatings Technology andResearch 8(2), 183-190. DOI: 10.1007/s11998-010-9294-x

Shi, Y. L., Feng, X. J.,, Yang, W., Wang, F., and Han, Y. Q. (2011). “Preparation of
super-hydrophobictitanium oxide film by sol—gel on substrate of common filter
paper,” Journal of Sol-Gel Science and Technology 59(1), 43-47. DOI:
10.1007/s10971-011-2459-y

Sun, Q. F., Lu,Y.,andLiu, Y. X. (201 1). “Growth ofhydrophobic TiO2 onwood surface
using a hydrothermal method,” Journal ofMaterials Science 46(21), 7706-7712.
DOI:10.1007/~10853-011-5750-y

Sun, Q. F., Lu, Y., Zhang, H. M., Zhao, H. J., Yu, H. P., Xu, J. S.,Fu, Y. C., Yang, D. J.,
and Liu, Y. X. (2012). “Hydrothermal fabrication ofrutile TiO, submicrospheres on
wood surface: An efficient method to prepare UV-protective wood,” Materials
ChemistryandPhysics 133(1), 253-258. DOI: 10.1016/j.matchemphys.2012.01.018

Tshabalala, M. A., and Gangstad, J. E. (2003). “Accelerated weathering of wood surfaces
coated with multifunctional alkoxysilanes by sol-gel deposition,” Journal ofCoatings
Technology 75(943), 37-43. DOI: 10.1007/BF02730098

Tshabalala, M. A., Libert, R., and Schaller, C. M. (2011). “Photostability and moisture
uptake properties of wood veneers coated with a combination of thin sol-gel films and
light stabilizers,” Holzforschung 65(2), 215-220. DOI: 10.1515/HF.2011.022

Wang, C. Y., Piao, C., and Lucas, C. (2011). “Synthesis and characterization of
superhydrophobic wood surfaces,” Journal ofApplied Polymer Science 119(3), 1667-
1672.DOI: 10.1002/app.32844

Wang, X. Q., Liu, S. C., Chang, H. J., and Liu, J. L. (2014). “Sol-gel deposition of TiO,
nanocoatings on wood surfaces with enhanced hydrophobicity and photostability,”
WoodandFiber Science 46(1), 109-117.

Zheng etal. (2016). “Wood photocatalysis by TiO,,” BioResources 11(1), 2393-2402. 2401


http://bioresources.com

PEER-REVIEWED ARTICLE b | oresources.com

Wang, Y. W.,, Zhang, L. Z., Deng, K. J. Chen, X. Y.,and Zou, Z. G. (2007). “Low
temperature synthesis and photocatalytic activity ofrutile TiO2 nanorod
susperstructures,”J. Phys. Chem. C111(6), 2709-2714. DOI: 10.1021/jp066519k

Xu, Q. F., Wang, J. N., and Sanderson, K. D. (2010). “A general approach for
superhydrophobic coating with strong adhesion strength,” Journal of Materials
Chemistry 20(28), 5961-5966. DOI: 10.1039/C0JMO0001A

Zheng, R. B., Meng, X. W., and Tang, F. Q. (2009a). “Synthesis, characterization and
photodegradation study of mixed-phase titania hollow submicrosphereswith rough
surface,” Applied Surface Science 255(11), 5989-5994. DOI:
10.1016/j.apsusc.2009.01.052

Zheng, R. B., Meng, X. W., and Tang, F. Q. (2009b). “A general protocol to coat titania
shell on carbon-based composite cores using carbon as coupling agent,” Journal of
Solid State Chemistry 182(5), 1235-1240.DOI: 10.1016/j.jssc.2009.01.032

Zheng, R. B., Tshabalala, M. A., Li, Q. Y., and Wang, H. Y. (2015a). “Construction of
hydrophobic wood surfaces by room temperature deposition ofrutile (TiO;)
nanostructures,” Applied Surface Science 328,453-458. DOI:
10.1016/j.apsusc.2014.12.083

Zheng, R. B., Tshabalala, M. A., Li, Q. Y., and Wang, H. Y. (2015b). “Weathering
performance ofwood coated with a combination ofalkoxysilanes and rutile TiO,
hierarchical nanostructures,” BioResources 10(4), 7053-7064. DOI:
10.15376/biores.10.4.7053-7064

Avrticle submitted: September 8,2015; Peerreview completed: December 18,2015;
Revised versionreceived: December 31,2015; Accepted: January 1,2016; Published:
January 26,2016.

DOI: 10.15376/biores.11.1.2393-2402

Zheng eta/. (2016). “Wood photocatalysis by TiO,,” BioResources 11 (1), 2393-2402. 2402


http://bioresources.com



