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Introduction

Vialeation I \Woeed-polymer
compesites helps create chemical
PrIdgeS at the Interface.

s | mpreving compatipility hetween poelar
Wooed and nen-polark pelymer

» IHelping transfer stresses at the
Interface

x |mproving interfacial adhesion strengith




Maleation inluences mechanical
and thermall properties of resultant
COMPOSIteS.

s [Heat flew, heat capacity, and
enthalpy

s Glass transition
s Viodulr andf bending strength




Objectives

Jle Iavestigate thermal/mechanical
chiaracteristics off maleated Wooed-
PV/C composites.

lle study/ the relatienship between
measured properties and coupling
dgenit perfermance In resultant
COMPEoSIteS.




Backgrouna

Fhermal/iechanical Analysis llechnigues




Temperature-molecular Mass Diagram
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Glass Transition Temperature T,

a) cooling b) subsequent heating




Enthalpy
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Stress-strain Relationship Under
Dynamic (sinusoidal) Loading

Strain
Complex modulus: E*(w)=E’(w)+IE"(w) Stress

|E*(w)|=Peak stress/Peak strain

A ~

ol w— t
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Storage (elastic) modulus Loss modulus
[E'(w)|=|E*(w)|coso IE"(@)|=|E*()|sino




Dynamic Stress-strain
Relationship

Stress, g(t) under a sinuseidal
load:

Strain ) t) by a phase angle o
corresponding to the stiess o(t):

Dynamic medulus E*:

Relationship among complex,
storage, and less moedul:

Phase angle o:




Thermal/Mechanical Properties

Glass; transition temperature: 7y

- PDSE and BIVIA

Melting temperature 7

- DSC

IHeat flew (d@/d ) and enthalpy: (44)
- DSC

Bending medulil (£5 £ andl £7) and the
phase angle (o)

—DIVIA

TThermal stability: (Welghi less, under heat)
~JIGA




Experimenital

Viaterials

s Wooed VVeneer - Yellow poeplar (0.91 nmmi Thick)
s PVC film - Clear (0.0762 mm Thick)
a Vialeated polypropylene (MAPP)
Epoelene E-43 (Mw! =9,100)
Epolene G-3015 (Mw: =47,000)
Initiater - Benzyol peroxide

Solvent - Toluene




Sohxlet Extraction

x ASTIVI standard D1105-96. Woed
SPEecImens wWere extracted for 4 heurs
Withi twoe sets off solvents.

Coupling Treatment

» \We0od specimens were dipped in the
coupling solutieons of 0, 12.5, 25, and
50 g/1t MAPP at: 100°C for S min under
a continuous stirring With a magnetic
stirrer




Wood Veneer under Sohxlet extraction




Manufracture of wWeod-P\V.C
COMPOSItES

m Pressure: 0.276 ViPa

s Pressing procedure: Heating S min at
178°C and then coeling at 70°C for 1

min

Shear strength measurement

s Shear tests followed the ASITMV
Standards D3163 and D3165




Wood-PVC Laminates under Shear
Testing




DMA (Seiko Instruments, Model DMS 110)
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DMA Procedure

- Using three cycles

Temperature [°C]

Test cycle Start Stop
First heating 20 220
First cooling 220 30
Second heating 30 220
First heating 20 100
First cooling 100 30
Second heating 30 100
First heating 20 150
First cooling 150 30
Second heating 30 150




TGA system
(TA Instruments, Model TGA2950)

Procedure: Heating firom 25°C to 600°C
under a Nz flux at a pressure of 8 KPa




DSC (TA Instruments, Model DSC2920)

Procedure

Eor interphase
samples, heating firom
25°C to 200°C under a
N filtx at a pressure of
S KRPa

For modified wooed
veneer and wooed-PVC
composite samples,
cooling at -10°C for a
while and then heating
up to 200°C in a N5
Hux




Summary Results on
Thermal/Mechanical Properties

Glass Shear TG at
Material E’ E” transition  tand? strength Enthalpy 600°C DTGnmax
(GPa)*  (GPa)? (°C)? (MPa) (Ig)° (%) (%/°C)°

PVC 5.73 0.44 76.1 0.39 0.81 @79.6°C 10.3 2.37 @257°C
Wood 10.43 0.41 67.2 0.05 21.69 @50.7°C 18.8 1.47 @356°C

Wood-PVVC
composites:

0% MAPP 7.85 : : : : : 0.80 @266°C,
0.65 @329°C
2.95% E-43 7.96 : : : : - : 0.75 @270°C,
0.62 @340°C
4.12% E-43 9.45 : : : : 15.95 @88.0°C : 0.69 @266°C,
0.61 @339°C
6.83% E-43 9.16 : : : : : 0.67 @275°C,
0.63 @344°C
2.17% G-3015 7.08 0.8 : : : - : 0.72 @266°C,
0.75 @344°C
3.64% G-3015 8.98 1.16 : : : 15.99 @81.8°C : 0.72 @258°C,
1.07 @350°C
6.35% G-3015 8.56 1.09 : : : : 0.71 @276°C,
0.58 @335°C

# The value was measured in first heating at 1 Hz;
® The value was measured at the glass transition;
° Two maximum peaks were selected for wood-PVC composites.




PDIVIA REesuUlts




Glass Transitions of Wood-PVC
Composites
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Influence of Frequency on E' and tano of
Wood-PVC Composites with 6.83% E-43
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Influence of MAPP Retention on E' and tand
of Wood-PVC Composites (Freq = 1 Hz)
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TGA Results




Influence of Maleation on Decomposition
of Wood-PVC Composites by TG
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Influence of Maleation on Decomposition
of Wood-PVC Composites by DTG
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Comparisons on DTG Decomposition of Wood-
PVC Composites with and without Maleation
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DSC Results




Heat Flow (dQ/dt) vs. Temperature For
Wood-PVC Composites
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Derivative DSC spectra for PVC, modified
wood veneer, and wood-PVC composites

PVC

Wood with 2.17% G-3015
WPC with 4.12% E-43
WPC with 3.64% G-3015

—~

)
(]

(@)
S
2
S

N—r
=
O
Y
]
@©
(b)
=
()
=
)
@®©
=
o
O

80 100 120 140 160 180 200
Temperature (°C)




DSC Spectra of PVC-MAPP Interphases
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Conclusions

Maleation significanty/ inkuenced the
thermal behavier o Woeed-PV.EC
COMpPOSItes.

E and E*increased with MAPP retention
and grafit rate. Hewever, tanowas
Independent off retention; and graft rate.

Weod-PVC composites with MAPP had
significanit shiifits 1inf DMA, DSC, and
G/DIIG spectra compared with those

withoeut MAPP.




