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Figure 1. Effect of nano- zinc oxide on the retained tensile strength of samples during the weathering
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Figure 2. Effect of nano- zinc oxide on the retained hardness of samples during the weathering
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Figure 4. Effect of nano- zinc oxide on the color changes of samples during the weathering
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Figure 5. ATR-FTIR spectra of samples before and after 1480 h of weathering
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Figure 6. Stereomicroscope images of the sample surface before and after 1480 h of weathering

Butylina et al., ) sss o 655 osmlins! Jlas snyy
SU 8L lawisas 5o &S als plis oo o0l s (20122
Sy s gl LB nlpl (WP) (g5, s
ol s e eaaline Gz Sk pob 5 Sk 4 by e
Ol (S5l sy (b 5o a5 wes e ol LS, G
Sledir mhe 53 osa b 4 e Car laesd
S s Sy goose of M el asly )l
el (6558 Ol bS] 153 s 5 b B 5 e
2 oS by e Sy 5o Ll e s S )
S eals Joluon 5 Joke 4 Lo (s bl
s 5 eslein e 53 gm g agm SL3 A5l o
Sty s Gl & whad 5 eSS
el orizmen Gl sad dted 5 BT (S5 O el bS]

5 05 8 ba e (S Sas S ol plas g )
Ol e s Olallas js ol asl il 5 Je s S s
clile Gl man 5 o s b 5 ety 0 S chile
Sl e (b s O s Do n b s e Ses S
.(Butylina et al., 2012a) ¢l sz 2 )8 5 sunli
S o el oslunn sl 5o (g5, 2] U Sl ealan

S5l 55 Csm Jobapon s e 4 by e S

Al 5L ol b s paaS Caplie S alS
o3l cpl 3 pm s a8 ol o) st las « Ss5lsm 3155 65,
el 002 ki sad o 35 1S s

Ao g el &S oh ol eSS, s
Butylina et al., ) wlhas S, &l Jlas Soslem
5 oS Y sl 31 26 Wl e pabse ol (20120
G5 Ol Qs 4 oleais clﬂ-w 2 K
Slpe 5 ol e ol g (B o 2 izan 5 s 2k
Matuana et) 4zl gl pas 4 colg 5o 5 o9 S,
al., 2011; Beg & Pickering 2008; Andrady 2007;
.(Fabiyi & McDonald 2014

&S aes o olas ATR-FTIR W‘_d: C\"" SIS
el o S 5s Saslee Sl b Ch“ P
Ao 53 L0 Ol b Gl bl Sl
ol OS50 a8 las nh Ao e 0 S s
S8 o oVl 5 s i glaiSly e
hele glaos 3 sl 4 mte padse ol &S 05
SheaS 5 S S5 950 Joim S Jed 5l 5SS
(Rajakumar et al., 2009) s 52 s ... 5 355SY L& (sl

o S0 oS baee ol 55 &S pm ale e Ssslen



Yo

Fluorescent UV Exposure of Plastics.

-ASTM, H., D2244-Standard Test Method for
Calculation of Color Differences from Instrumentally
Measured Color Coordinates.

-Beg, M.D.H. and Pickering, K.L., 2008. Accelerated
weathering of unbleached and bleached Kraft wood
fibre reinforced polypropylene composites. Polymer
Degradation and Stability 93 (10): 1939-1946.

-Butylina, S., Hyvdrinen, M. and Karki, T., 2012a. A
study of surface changes of wood-polypropylene
composites as the result of exterior weathering.
Polymer Degradation and Stability 97 (3): 337-345.

-Butylina, S., Hyvérinen, M. and Karki. T., 2012b.
Weathering of wood-polypropylene composites
containing pigments. European Journal of Wood and
Wood Products 70 (5): 719-726.

-Chang, B.P., Mohanty, A.K. and Misra, M., 2020.
Studies on durability of sustainable biobased
composites: a review. RSC Advances 10 (31): 17955-
17999.

-Chaochanchaikul, K.,  Rosarpitak, V. and
Sombatsompop, N., 2013. Photodegradation profiles
of PVC compound and wood/PVC composites under
UV weathering. Express Polymer Letters 7 (2).

-Clausen, C.A., Green, F. and Kartal, S.N., 2010.
Weatherability and leach resistance of wood
impregnated with nano-zinc oxide. Nanoscale
research letters 5 (9): 1464-1467.

-Du, H., Wang, W., Wang, Q., Zhang, Z., Sui, S. and
Zhang, Y., 2010. Effects of pigments on the UV
degradation of wood-flour/HDPE composites.
Journal of applied polymer science 118 (2): 1068-
1076.

-Fabiyi, J.S. and McDonald, M., 2014. Degradation of
polypropylene in naturally and artificially weathered
plastic matrix composites. Maderas. Ciencia y
tecnologia 16 (3): 275-290.

-Friedrich, D. and Luible, A., 2016. Investigations on
ageing of wood-plastic composites for outdoor
applications: A meta-analysis using empiric data
derived from diverse weathering trials." Construction
and Building Materials 124: 1142-1152.

-Farahani, M. and Banikarim, F., 2013. Effect of nano-
zinc oxide on decay resistance of wood-plastic
composites. BioResources 8 (4): 5715-5720.

-Fei, P., Xiong, H., Cai, J., Liu, C. and Yu, Y., 2016.
Enhanced the weatherability of bamboo fiber-based
outdoor building decoration materials by rutile nano-
TiO2. Construction and Building Materials 114:307-
316.

-Homkhiew, C., Ratanawilai, T. and Thongruang, W.,
2014. Effects of natural weathering on the properties
of recycled polypropylene composites reinforced

\=)M¢Vvﬂ>‘u\j\&\53wﬁr#w\&£}vuu@

FIRPIWE Bloss 45 48 gy (il 51 s S s |
el s 2 A S 5o 5 Ol ) Bl
ol 0 Jein S o5 8 a by e Sy S5l5m 5l am izan
sty BB Ll Bl L el asl v saone ok a gal
o8 §ase cal 09 o0 saalie CM-1 1640 S 5o
PHUEPE P S WP S e S I\ L P S WPLEIE ol 5l
JSas sloa aSg55bar il sai i 5l (55 Ao
Gl sai S35 G OS5 e slaey 3
.(Rasouli et al., 2016)

Alos s ob ol oS S il ol mls
s WP) (555 deaS] 56 286 slakspos o S55050
S A 5y o) aeSl SU Gl lawpa 4
PR HRY P IS CLM 50 S ol addl ol sa
N e2b i 5 Ghas n b s G2 e il )
Butylina, et al., ) asly oo &bl buy Ol Cis
2012b; Matuana and Kamdem 2002; Beg &
.(Pickering 2008

—osr sledir 38w Glp e JSHsbe
0 5 il pmlte Cuaslie Sa5len Sl 0 lusa b
038 0 K5 ks 5 a5 Jlas DA sy A
o) ol 5o cwlie bl 5l el )b
ol @l a2 L 3 eslial gl ol
b il b antl Gl b (55 8] 0 45 sls i s
Sl b b o Sl adls s

S (S

solaiw! 0590 aubico

-ASTM D882-02., 2002. In Standard test method for
tensile properties of thin plastic sheeting. American
Society for Testing and Materials, West
Conshohocken: PA.

-Andrady, A., 2007. "Ultraviolet radiation and polymers.
In Physical properties of polymers handbook, 857-
866. Springer.

-ASTM, D., 2005a., 2240, Standard test method for
rubber property-Durometer hardness.

-ASTM, D., 2005b., 4329-05 .Standard Practice for



Gy 28 U blim 5] adlas

Engineering 12 (4): 211-219.

-Rasouli, D., Dintcheva, N.T., Faezipour, M., La Mantia,
F.P., Farahani, M. and Tajvidi, M., 2016. Effect of
nano zinc oxide as UV stabilizer on the weathering
performance of wood-polyethylene composite."”
Polymer Degradation and Stability 133: 85-91.

-Saunders, K.J., 2012. Organic polymer chemistry: an
introduction to the organic chemistry of adhesives,
fibres, paints, plastics and rubbers: Springer Science
& Business Media.

-Stark, N.M. and Matuana, L.M., 2007. Characterization
of weathered wood—plastic composite surfaces using
FTIR spectroscopy, contact angle, and XPS. Polymer
Degradation and Stability 92 (10): 1883-1890.

-Stark, N.M. and Matuana, L.M., 2006. Influence of
photostabilizers on wood flour—HDPE composites
exposed to xenon-arc radiation with and without
water spray. Polymer degradation and stability 91
(12): 3048-3056.

-Tripathi, D., 2002. Practical guide to polypropylene:
iSmithers Rapra Publishing.

-Whelan, A. and Whelan, T., 1994. Polymer technology
dictionary: Springer Science & Business Media.

-Williams, R.S., 2005. Weathering of wood. Handbook
of wood chemistry and wood composites 7: 139-185.

-Xuan, L., Han, C., Wang, D., Cheng , W. and Li, Q.,
2017. Effect of surface-modified TiO2 nanoparticles
on the anti-ultraviolet aging performance of foamed
wheat straw  fiber/polypropylene  composites.
Materials 10 (5): 456.

-Zhang, Z.M., Du, H., Wang, W.H. and Wang, Q.W.,
2010. Property changes of wood-fiber/HDPE
composites colored by iron oxide pigments after
accelerated UV weathering. Journal of Forestry
Research 21 (1): 59-62.

Y#

with rubberwood flour. Industrial Crops and Products
56: 52-59.

-Kaymakei, A., 2020. Effect of sepiolite clay nanofibers
on physical, mechanical, and thermal properties of
wood-plastic nanocomposites. Journal of
Thermoplastic Composite Materials

-Matuana, L.M., Jin, S. and Stark, N.M., 2011.
Ultraviolet  weathering of  HDPE/wood-flour
composites coextruded with a clear HDPE cap layer.
Polymer Degradation and Stability 96 (1): 97-106.

-Matuana, L.M. and Kamdem, D.P., 2002. Accelerated
ultraviolet ~ weathering  of  PVC/wood-flour
composites. Polymer Engineering & Science 42 (8):
1657-1666.

-Muasher, M. and Sain, M., 2006. The efficacy of
photostabilizers on the color change of wood filled
plastic composites. Polymer degradation and stability
91 (5): 1156-1165.

-Nguyen, T.V., Dao, P.H., Nguyen, T.A., Dang, V.H.,
Ha, M.N. and Nguyen, P., 2020. Photocatalytic
degradation and heat reflectance recovery of
waterborne acrylic polymer/ZnO nanocomposite
coating. Journal of Applied Polymer Science 137
(37): 49-116.

-Pandey, K.K. and Pitman, A., 2003. FTIR studies of the
changes in wood chemistry following decay by
brown-rot and white-rot fungi. International
biodeterioration & biodegradation 52 (3): 151-160.

-Rajakumar, K., Sarasvathy, V., Chelvan, A.T., Chitra,
R. and Vijayakumar, C.T., 2009. Natural weathering
studies of polypropylene. Journal of Polymers and the
Environment 17 (3): 191-202.

-Rangavar, H., Taghiyari, H.R., Oromiehie, A,
Gholipour, T. and Safarpour, A., 2017. Effects of
nanoclay on physical and mechanical properties of
wood-plastic composites. Wood Material Science &



27 Iranian Journal of Wood and Paper Science Research Vol. 37 No. (1)

A study on the protective effect of nano zinc oxide against weathering of wood-
polypropylene composite

D. Rasouli', H. Yousefi?and M. Mashkour?

1*-Corresponding author , Assistant Prof, Department of Wood Engineering and Technology, Gorgan University of
Agricultural Sciences and Natural Resources, Gorgan, Iran. E-mail: rasouli@gau.ac.ir

2-Associate Prof, Department of Wood Engineering and Technology, Gorgan University of Agricultural Sciences and
Natural Resources, Gorgan, Iran

Received: Sep., 2021 Accepted: Jan., 2022

Abstract

In this research, the effect of using nano-zinc oxide (hano-Zn0O) as a UV absorbent agent on
the weathering resistance of wood- polypropylene composite was investigated. For this purpose,
composite samples containing 0, 1, 2 and 3% nano-ZnO were manufactured using an internal
mixer and a laboratory press. The prepared specimens were exposed to artificial weathering for
1480 hrs (in the periods of 0,480, 960 and 1480 hrs). The weathering degradation of specimens
was monitored by tensile strength, hardness, colorimetry measurements, as well as Fourier
transform infrared spectroscopy (FTIR), and, stereomicroscope tests. Results showed that
weathering caused color changes, tensile strength and hardness reduction, physical and chemical
degradation on the surface of the samples. The use of nano-ZnO partially prevented tensile
strength and hardness reduction of samples as well as their surface degradation. In general, the
use of 2% nano ZnO has been a better performance against weathering than other values.

Keywords: Wood-Polypropylene composite, weathering, nano-zinc oxide.
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