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SUMMARY

This study determined effect of nano TiO, ratio on some properties of wood plastic composite (WPC), especially
ultraviolet (UV) resistance of the material. Research results showed that, the TiO, nanoparticles did not
significantly affect bonding quality between wood flour and plastic, it means when adding nanoparticles into WPC,
the strength of material was almost unchanged. However, the abrasion ability of the material was significantly
affected. The results revealed that, when the nano TiO, ratio increased, the mass loss of WPC due to abrasion
reduced; therefore the abrasion resistance of WPC increased as added nano ratio increased, when the used
nanoparticles ratio was 0.5%, the mass loss due to abrasion of WPC was 0.42 g/100r, but when the used
nanoparticles ratio increased to 1.5%, the mass loss due to abrasion of WPC reduced to 0.31 g/100r. Moreover,
adding TiO, into the WPC production process from Acacia mangium bark could increase the color stability of the
material under UV radiation. The results also presented that, with the samples did not contain nano TiO,, AE value
was about 9 to 10, but with the samples containing TiO,, the AE values reduced from 3 to 5 (40-50% reduction).
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I. INTRODUCTION

Recent researches have shown that, acacia
bark powder can used as raw materials to
produce WPC with its characteristics as WPC

produced from wood powder.

However, one of the remarkable
disadvantages of WPC both from wood powder
or bark powder is low resistance to UV when
exposed to weather, the UV light from the sun
quickly enhances the aging ability of the material,
this severely affects the color and durability of

the material when used outdoors.

Therefore, the researches on UV resistance
of WPC material play an important role.
Among them adding nanoparticles in the
manufacturing process of material is one of the
effective solutions. This method not only
brings significant efficiency for UV resistance

of WPC material, it is also considered to be

one of the environmental friendly methods.
I1. MATERIALS AND METHODOLOGY
2.1. Materials

+ Wood powder and acacia mangium bark
powder with size of 2 - 4 mm; moisture of 4%.

+ Primary plastics Polyetylen, high density
(HDPE).

+ Supported substance: MAPE (content of
maleic anhydride — MA is 1.4% by mass).

+ Equipment used: 2-screw extruding
machine ESYMASTER.

+ Mixed composition ratio as follows:

(wood powder + bark powder) : HDPE :
MAPE = 43.53 (70% wood powder + 30%
bark powder) : 53.22 : 3.25

+ Ratio of TiO, amount compared with
HDPE: 0.5%; 1.0%; 1.5%

+ Press technology: Using extruded technology
one stage. This technology is used popularly
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nowadays, and without the stage of wood - plastic
granulating, wood powder and plastic materials are
given directly at the same time.

+ Screw rotation speed: 24.0 r/min

+ Extruded temperature: 147°C

2.2. Experimental method

Method of adding nanoparticles into WPC
as follows:

MAPE was evenly dispersed in the solvent,
then high-frequency ultrasonic waves were used
to disperse nanoparticles in the MAPE solution.

- WPC
resistance included 4 types: samples without

samples used to assess UV
TiO,, samples containing 0.5% TiO,, samples
containing 1.0% TiO,, and samples containing
1.5% TiO;.

- Sample size: thick x width x length = 10
mm x 50 mm x 100 mm.

- UV light condition: UV light radiated

directly on the sample surface in room
temperature condition and air environment.

- UV radiation intensity: lamp’s capacity:
40W, wavelength: 350 nm; distance from the
lamp to the sample surface: 50 mm.

- The UV radiation time: 960h

- Color durability of WPC was assessed by
the difference between the colour index of
WPC surface, measured at the time of 960h.
Specific times of colour measurement after UV
radiation were: 6h, 24h, 48h, 72h, 96h, 144h,
192h, 240h, 312h, 384h, 456h, 528h, 600h,

672h, 750h, 816h, 888h, 960h.

ITII. RESULTS AND DISCUSSION

3.1. The characteristics of bark material
used in the study

a) Thickness of bark and rate of bark-wood of
acacia mangium according to the tree height

are shown in Table 01.

Table 01. Thickness of bark and bark-wood rate of acacia mangium according

to the tree height
Position at tree height (m) Thickness of bark (cm)  Rate of bark-wood (%)

0 1.85 7.60

1.30 1.50 7.10

3.60 1.20 6.00

5.60 0.95 5.30

7.60 0.90 5.60

9.60 0.75 5.50

>10 0.6 5.10

Average 1.10 6.03

The Table 1 showed that, bark thickness and

bark-wood rate tended to decrease according to

was about 1.1 cm, the average rate of bark was
about 6.0% compared to the volume of stem.
the tree high. The average thickness of bark

b) Density of acacia mangium bark according to the tree height position are shown in Table 02.
Table 02. Density of acacia mangium bark according to the tree height position
Density of bark' (g/cm®)

Position at tree height Standard deviation

stump 0.453 0.030

stem 0.285 0.026

crown 0.189 0.042
Average 0.309

Note: 'density of bark at moisture of 12% (velative humidity 65%, temperature 20°C).
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The Table 2 showed that, the density of bark
was significantly different at the different
positions, and had the rule of change. The

density of bark at higher part of the tree was

smaller than that at lower position.
c¢) The size of the bark fiber

The sizes of the bark fiber are shown in
Table 03 and Table 04.

Table 03. The distribution of the average diameter of the acacia mangium bark fiber

. Frequency (%)
No Average diameter (.um)

stump stem top
1 <=15 4.0 6.0 2.0
2 (15, 20] 36.0 50.0 58.0
3 (20, 25] 46.0 40.0 38.0
4 (25, 30] 12.0 2.0 2.0
5 >30 2.0 2.0 0.0

Table 04. The distribution the average length of the acacia mangium bark fiber

Frequency (%)

No Average length (um)
stump stem top
1 <=750 8.0 4.0 4.0
2 (750, 900] 16.0 16.0 12.0
3 (900, 1050] 26.0 26.0 16.0
4 (1050, 1200] 24.0 28.0 34.0
5 (1200, 1350] 16.0 20.0 24.0
6 >1350 10.0 6.0 10.0

Based on the data of diameter and length of
fibers, we can see that the diameter of acacia
mangium bark fiber at 3 positions (top, stem
and stump) showed no significant difference,

ranged from 19.7 um to 21.1 um. Fiber length

Table 05. Fiber morphology

ranged from 1056 um to 1107 um. According
to the tree height from stump to the top, the
length of bark fiber increased, but diameter of
bark fiber reduced. Details is presented in
Table 05.

of acacia mangium bark

Position at tree length (um) Standard Diameter Standard Length/ Standard
height deviation (nm) deviation Diameter deviation
stump 1,056 207 21.1 3.6 51 11.4

stem 1,077 194 20.0 35 55 11
crown 1,107 201 19.7 2.6 57 10

d) Basic chemical composition of acacia
mangium bark

Basic chemical composition of acacia
mangium bark is presented in Table 06.

Table 06. The basic chemical composition of acacia mangium bark (average value)

Extracts (%)
Hemicellulose  Lignin
pH Cellulose (%) In cold 1In hot
(%) (%) 1% NaOH
water water
5.45 17.4 25.8 24.7 14.5 19.2 49.8
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The chemical composition data showed that,
the cellulose content in acacia mangium bark
was much lower than that in normal wood, and
the content of the extracts in the bark was very

high, this can cause a certain effect on

production technology and quality of WPC
made of bark powder and plastic.
3.2. The strengths of WPC

Results of WPC’s strengths in this study

are presented in Table 07.

Table 07. The strength criteria of WPC

Amount of used nano TiO,

No Criteria
0.5% 1.0% 1.5% Average
1 Water absorption, % 1.32 1.30 1.32 1.31
Tensile strength, MPa 18.53 18.45 18.52 18.50
3 Bending strength, MPa 25.21 25.34 25.28 25.27
Bending elasticity
4 1204 1210 1208 1207.33
module, MPa
Mass loss due to
5 0.42 0.35 0.31 0.36

abrasion, g/100r

The results of determining the strength
criteria of the WPC showed: when adding nano
TiO, in the WPC,

insignificantly,  this

changed

TiO,
nanoparticles did not affect remarkably the
strengths of the WPC material.

its strength

means  the

However, the abrasion resistance of the WPC
was affected by nano TiO, addition. The
experimental results revealed that, when the
amount of used nano TiO, increased, the mass
loss of WPC material due to abrasion reduced,
therefore the abrasion resistance of the WPC

increased as the ratio of used nano TiO; increased.

When the ratio of used nanoparticles was
0.5%, the mass loss of the WPC material due to
abrasion was 0.42 g/100r, but when the ratio of

used nanoparticles increased to 1.5%, the mass
loss of the WPC due to abrasion reduced to 0.31
g/100r (reduction 26%). This can be explained
by TiO, nanoparticles are a metal material,
impervious to water and have high impact and
abrasion resistance; hence when adding the
nanoparticles into WPC material, a part of
nanoparticles was dispersed evenly over the
WPC’s surface, thereby increasing the abrasion

resistance of the surface material.
3.3. UV light resistance of WPC when
adding TiO; nanoparticles

The results of determining the color index
of WPC from acacia mangium bark powder
and HDPE plastic after irradiated with UV
during 960h is shown in Figures 01 to 04.
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Figure 01. Color change when irradiated with UV

of WPC sample without nano TiO,
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Figure 02. Color change when irradiated with
UV of WPC sample containing 0.5% TiO,
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Figure 03. Color change when irradiated with UV  Figure 04. Color change when irradiated with UV

of WPC sample containing 1.0% TiO,

The experimental results exposured that the
brightness (L*) of the samples after irradiated
by UV changed very clearly and followed a
rule. Moreover, when the amount of used nano
TiO, increased in the WPC samples, the

130

of WPC sample containing 1.5% TiO,

brightness change (AL) reduced from 7 - 9

down to 1 - 3.

Total color deviation (AE) of the WPC
samples not containing TiO, and the WPC

samples containing TiO, also had a change
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tendency similar as AL. With the WPC samples
not containing TiO,, the AE varied from 9 to
10, but with the WPC samples containing TiO,
the AE reduced about 40-50% (AE from 3 to 5).
This means: adding nano TiO, into the
production process of WPC from acacia
mangium bark can enhance the color stability
of WPC irradiated by UV. This is consistent
with similar studies in the world, because TiO»
nano material themselves always possesses
98%),

appear on

reflective  ability  (approximately

therefore when nanoparticles
material surface, they contribute significantly
to UV reflection from the light to the material

surface.

With this result we may recommend, the
outdoor WPC production process from acacia

mangium bark should be added a certain

amount of nano TiO, (range from 1.0% to 1.5%

compared to HDPE), this could be a new
research direction in the future to prolong
service life of WPC material from acacia

mangium bark and HDPE plastic.
IV. CONCLUSIONS

From the research results, there are some

conclusions:

- Acacia mangium bark can replace about
30% of wood powder used in the WPC
production, with such rate of used bark powder,
the WPC products met the requirements of

interior and exterior furniture manufacture.

- When adding TiO, nanoparticles into
WPC, it basically did not affect the strengths of
material, only abrasion resistance was affected;
as the ratio of used nanoparticles was 0.5%, the

mass loss of the WPC material due to abrasion

was 0.42 g/100r, but when the ratio of used
nanoparticles increased to 1.5%, the mass loss
of the WPC due to abrasion reduced to 0.31
g/100r (abrasion resistance of the material

increased 26%).

- When adding TiO, nanoparticles into the
manufacturing process of WPC from acacia
mangium bark, the color stability under UV
radiation of the WPC material could be
increased, when the rate of used nanoparticles
was 1.5%, the AE value reduced to 40-50%

(compared to the control samples).
REFERENCE

1. Anatole Klyosov (2005). Wood plastic composites.
Wiley-interscience A John Wiley& Sons, INC, Publication.

2. Apri Heri Iswanto and Fauzi Febrianto (2005). The
Role of Dicumyl Peroxide (DCP) In the Strengthening of
Polyme Composites. Peronema Forestry Science Journal
Vol.1, No.2.

3. Behzad kord (2011). Influence of Maleic Anhydride
on the Flexural, Tensile and Impact Characteristics of
Sawdust Flour Reinforced Polypropylene Composite.
World Applied Sciences Journal, 12 (7), 1014-1016.

4. B. Mohebby, A. R. Ghotbifar, and S. Kazemi-Najafi
(2011). Influence of Maleic-Anhydride-Polypropylene

(MAPP) on Wettability of Polypropylene/Wood
Flour/Glass Fiber Hybrid Composites. J. Agr. Sci. Tech,
Vol. 13, 877-884.

5. Ferran Marti-Ferrer, Francisco Vilaplana, Amparo
Ribes-Greus (2005). Flour Rice Husk as Filler in Block
Copolyme Polypropylene: Effect of Different Coupling
Agents. Published online in Wiley InterScience.

6. Farshid Basiji, Vahidreza Safdari,Srikanth Pilla
(2009). The efects of fiber length and fiber loading on the

mechanical properties of wood-plastic (polypropylene)

composites. Turk Agric vol. 34, pp.191-196.

JOURNAL OF FOREST SCIENCE AND TECHNOLOGY NO. 3 - 2016 131



Forest Industry

NGHIEN CUU KHA NANG CHIU TIA UV CUA VAT LIEU COMPOSITE GO NHUA

132

TU BOT VO CAY KHI THEM HAT NANO TiO,
Cao Qudc An', Triéu Vin Hai’

1Tru’0"ng Dai hoc Lam nghiép
*UBND huyén Hoanh Bé, tinh Qudng Ninh
TOM TAT

Nghién ctru nay xac dinh dugc kha ning anh huéng cua ty 1¢ hat nano TiO, cho vao dén mot sb tinh chat ctia
vat liéu WPC, didc biét 1a lam ting kha ning chiu tia UV ctia vat liéu. Két qua nghién ctru cho thiy, hat nano
TiO, khong c6 anh huong dang ké dén kha ning lién két giira bot g6 va nhuya, tire 1a khi cho hat nano vao thi
céc chi tidu vé do bén cua vat liéu co ban khong thay ddi. Tuy nhién, v& chi tiéu do mai mon cua vat liéu lai c6
anh huong 16 rét. Két qua cho thay, khi ty 1¢ sir dung hat Nano ting 1én thi khdi lugng tiéu hao khi mai mon cua
vat ligu WPC giam xuéng, tre 1a kha nang chiu mai mon cua vat li€u tang 1€n khi ty 1¢ Nano sir dung tang 1én,
khi ty 1¢ hat nano st dung 1a 0,5% thi khéi luong tiéu hao khi mai mon cia vat li€u 1a 0,42 g/100r, nhung khi ty
1¢ Nano str dung tang 1én dén 1,5% thi khdi lugng nay giam xubng con 0,31 g/100r. Ngoai ra, khi cho thém
TiO, véo trong qua trinh san xuat WPC tir vo cay Keo tai tugng c6 thé 1am tang d6 6n dinh mau sic ciia vat liéu
khi chiéu tia UV. Két qua cho thy, v6i mau khong chira TiO, thi AE c6 gia tri khoang 9 dén 10, nhung véi mau

chira TiO, thi gié tri AE giam xu6ng con khoang 3 dén 5 (ttc giam 40-50%).

Tir khéa: Chiu tia UV, dé bén mau, dé mai mon, WPC.
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