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Surface modification of Rubberwood flour on Stress Relaxation

Behavior of Wood-Plastic Composites

AMZUINAVY
599ANENI5E ATSUA SPdla
AAIYIMINTIUYAAIVINT ANEIAINTIUANENS
I9A1ERNT19158 A3.4NN5I1 Shudla

AAITIAINTTULAL  AZAAINTSUAERNS

lasen153deulasunuatiuayuain suussanausumy
UNIINYIRYEIVATUATUNS
Usza1dauuszaunee 2561 swalasan1s ENG610062S



TanuaulinarafinUsznoumersldensmnsuasnoadlnsidusloda Inensld
15 Iuveaidsainnszviunsuussulilugramnssumesine s iiduans
sl Tanidudiondn 1dud wedlwsfidusluda Fadutanilefasnnistwanadn
Tudun e viAnUssloviuasiiuyas YansansgnuauazdusyifiondnduTaguals
wanaRnseLAseIsRIALUUINAEgIazIATosdnTeu nelsignuuanminfeasalatiuagle
el fanuauinnufudeidentuinndstu andufinunaudfmanenin mana s
anufou uardnuazsdugIuing westaguanazmanyimunzanvesUTamnslsl
g1 haE AN TUYRI YA UARAN TRNINIEANLAEN NNAMIEN1TOBNRUUN TN
LWUU central composite design (CCD) warman1zinunzanlnsld3siuinevauss
(response surface methodology, RSM) uam]ﬁﬂf:l,ﬁai’aﬂmaulﬁwmaaﬂgﬂﬁﬂﬂwlﬂu
wAnAnueinsfununeaendsUnuumsldanunensisiu Sadesdnisdnuinazyinne
ngAnTIUNIIAANEANUAUTesTasKaLlina1afinsINfn AR UAIMILsRAN 1ITLINRBY
neuthlUldnuisianudAgrunu

welffensvngnuiuanmitasheanssamlatieiiunisainziniunedln

[

siduFlmAaliAtusasifiunsnudenisgaduii Snafuantiauudusduazussd
wanantunsUSuammivewslienamninasomuudus e usinededived ATy
Tuwhusarfuianmaylimarafinfvhainadliormnsfiviuanmiadeasdanlatuay
IniaudsualyifantfganiTannaulsiwaradniiusuanmieassanlativieluauiieos
pg1ufen uenandanuduiuredlsauinaionisgadun anuuusiuasanuuiein
ogailfuddny Twungiinalilunmsuiuanmiwsliormnnlifinadeantives Tanueay
Iswanadin dsnsusvanmiamslifomnsseanssanladuasloauianududiu 5% Ju
e 2 Falus Wuannmeflaudinismuienisgeduin anuudausauaramuudeinvestan

a

wanliwanafndnansududunmsfiunisdainigimemsliforamafunedlnsiduslufa
uagtinnamdnvestagualiwanadin
anmzivinzauiigavesiaguanliinarafnseautfivnenienmuazyiena
UsenoumuUIuanalienanisn 39.22 wt% Usuiuwedlnsiausleifa 60.78 wtd% waz
mnudntuvesloiaud 3.44% gnvadeungAnssunisratsAIAULAZANINUADENIY

WINgeN NeAnTIUNITAAIEANLALYesTaaNaulinataRnifiuTulie seAuANUAT ALY



figamgiiaei nénnisdeuriuiusenininainazgungigninanyssyndldiiierioune
WOANTTUNMIAAIBANLAY LEULAINTAABALLAUMANLARINOANTTINNTAGEAILLALT
sefuATALATER 1.0 1.5 Waw 2.0% Wity 208 187 uax 75 Yu muddu uenanifanuay
lanainfiaudfiniananauuasnamaaauaNuNuAean1IzwIngouliunNAeiuo g9l

Y

Hedeny



ABSTRACT

Wood-plastic composites (WPCs) were composed of rubberwood flour
(RWF) and recycled polypropylene (rPP) which they were matrix and reinforcement,
respectively. RWF obtained from wood waste of furniture industrial. Likewise, rPP
with a recycled polymer created benefit from waste materials. These materials were
mixed to produce WPCs using a twin-screw extruder, followed by compression
molding. RWF was treated by alkalkine and silane so that WPCs had more
compatibility for reinforcement and matrix. The effects of alkaline-silane treatment of
RWF on physical, mechanical and thermal properties, and morphological
characterization for WPCs were investigated. Then, the optimum wood content and
silane concentration were also identicied to optimize the physical and mechanical
properties of WPCs using response surface methodology (RSM) and design the
experiments using central composite design (CCD). With different applicationsof WPCs
such as in building materials, WPCs were inverstigated the stress relaxation behavior
to predict the long-term mechanical performance and the accelerated weathering
testing as well.

The RWF treated with alkaline enhances the interfacialadhesion with
rPPandalso improves the water resistance, tensile andflexural properties of WPCs. In
addition, the alkaline treatment and RWFcontent significantly affected the tensile
and flexural strength. Likewise, the alkaline-silane treatment of RWF exhibited higher
properties in comparison to silane or alkaline only. Moreover, silaneconcentrations
significantly affected water absorption, mechanical strength, and hardness, while
treatment times remained relatively unaffected by these properties. The bestwater
resistance, mechanical strength, and hardness of WPCs were achieved by alkaline-
silane treatment with 5% silane concentration for 2 h, which improved the
interfacialadhesion of RWF and rPP as well as increased the crystallinity in the WPCs.

The optimum properties of WPCs found by RSM were a content of
39.22 wt% wood, 60.78 wt% recycled polypropylene, and a 3.44% silane

concentration, which was tested the stress relaxation behavior and accelerated



weathering. The stress relaxation behavior increased with increasing strain level at a
constant temperature. The time-temperature superposition was applied to construct
a master curve extension for 1.0, 1.5, and 2.0% for 208, 187, and 75 days,
respectively. Moreover, the accelerated weathering of the mechanical properties of
the WPCs indicated that there was no significant difference after weathering in their

mechanical properties.



