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Understanding the Viscoelastic Properties and Surface
Characterization of Woodflour-Polypropylene Composites

Jungil Son' and Douglas J. Gardner
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ABSTRACT

The main goal of this study was to analyze the effect of process additives, i.e. maleated
polypropylene (MAPP), and nucleating agent on the viscoelastic properties of different types
of extruded polypropylene-wood plastic composites manufactured from either PP homo-
polymer, high crystallinity PP or PP impact copolymer using dynamic mechanical thermal
analysis. And also, the esterification reaction between woed flour and maleated polypro-
pylene, and its role in determining the mechanical properties of wood flour-polypropylene
composites was investigated.

The wood plastic composites were manufactured using 60% pine wood flour and 407 polypro-
pylene on a Davis-Standard Woodtruder™. Dynamic mechanical thermal properties, polymer
damping peaks (tan &), storage modulus (E") and loss modulus (E') were measured using a
dynamic mechanical thermal analvzer,
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XPS (X-ray Photoelectron Spectroscopy), also known as ESCA (Electron Speetroscopy for
Chemical Analysis) study of wood flour treated with MAPP was performed to obtain information
on the chemical nature of wood fiber before and after treatment.

To analyze the effect of frequency on the dynamic mechanical properties of the wvarious
composites, DMA tests were performed over a temperature range of -20 to 1007, at four
different frequencies (1, 5, 10 and 25 Hz), and at a heating rate of 5°C/min. From these results,
the activation energy of the various composites was measured using an Arrhenius relationship to
investigate the effect of maleated PP and nucleating agent on the measwrement of the interphase
between the wood and plastic of the extruded polypropylene wood plastic eomposites.

KEYWORDS : PROCESS ADDITIVES, MALEATED POLYPROPYLENE, NUCLEATING AGENT, VIS.
COELASTIC PROPERTIES, DYNAMIC MECHANICAL THERMAIL ANALYSIS, XFPS, ESCA,
DAMPING PEAK, STORAGE MODULUS, LOSS MODULUS, ACTIVATION ENERGY,
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- High crystalline PP homopolymer with
2% maleated PP (HCPP-M)

- High crystalline PP homoepolyvmer with
nucleating agent (HCPP-N)

- Regular PP  homopolvmer
maleated PP (RPP-M}

- Regular PP homopolvmer with nucle-
ating agent (RPP-N)

- Random  copolvmer PP with 2%
maleated PP (COPP-M}

- Fractional mfr {(melt flow rate} PP
homopolymer with 2% maleated PP
{FMPP-M)
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2.3.1. Dynamic Mechanical Thermal

Analysis

Hood Foll4] Dynamic Mechanical Thermal
Analysis§ SAst7] A AR 7)7le
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f= £ exp {-FE/RT) {1)
f ¢ constant

f * the frequency of the test

R : gas constant (8.314 J/g - mol - K)
F:' the activation energy for the re-

laxation process
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2.3.2. X-ray Photoelectron Spectroscopy

¥P3 spectra® X-ray Photoelectron Spec-



Figure 1. Criteria of definition of the parameter
peak width at half maximum.
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Figure 2. Storage modulus of extruded polypro-

pylene wood plastic composites as a

function of temperature at 1 Hz.
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Figure 3. Storage modulus of extruded polypro-
pylene wood plastic composites as a
function of temperature at 5 Hz.
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Table 1. Dynamic Mechanical Properties of the Materials Investigated at 20T

E{GPa)/tand E{CPa)/tand E{GPal/tand E{GPa)/tané

T C)/tan d

Mgksrial at 1 Hz at 5 1z at 10 Tz at 25 Hz  at peak, 10 Hz
HCPP-M 16.2/0.042 17.1/0.046 15.4/0.048 17.1/0.066  15.64/0.043
HCOPP-N 11.9/0.042 14,540,045 13.5/0.053 13.8/0.068  14.54/0.046
RPP-M 12.7/0.049 12,940,049 13.2/0.057 16.8/0.080  14.82/0.051
RPP-N 12.0/0.046 10.8/0,049 10.7/0.058 12.8/0.075  13.80/0.048
COPP-M 12.3/0.042 9.91/0,048 10.2/0.056 9.22/0.078  14.63/0.057
FMPP-M 15.1/0.042 15.4/40.042 12.8/0.044 15.8/0.053  13.05/0.044
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Figure 4. Storage modulus of extruded polypro-
pylene wood plastic composites as a
function of temperature at 10 Hz.
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Figure 5. Storage modulus of extruded polypro-
pylene wood plastic composites as a
function of temperature at 25 Hz.
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Table 2. Area and Width at Half Maximum of Tan § Peak of High Crystalline and Regular PP Wood

Flour Reinforced Composites
: Area under the peak Peak width at half maximum

Material —

At 1Hz at HHz at 1Hz at HHz
HCPP-M 16.25 4223 20.95 21.83
HCPP-N 19.34 43.21 19.53 20.52
RFP-M 25.31 66.53 17.53 18.53
RPP-N 30.02 56.43 7.20 16.23
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Figure 11. Regression line equation to calculate
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Table 3. Results of the Cls High Resolution
Spectra Fitting, and Oxygen-carbon Ratio
of Untreated and Treated Wood Flour by
X-ray Photoelectron Spectroscopy

Cl|C2|C3|Cd4|O/C

Samples | o0y | (a5 | %) | (2) | (%)
MAPP  |985| - | 15| - |0.06
WR-untreated |66.4]19.1| 7.3 | 7.2 |35.0
WF-3% MAPP |82.5/10.7| 5.0 | 1.8 | 21.5

3.3. X-ray photoelectron spectroscopy

Table 1¢]4] RB5e] F3jg] 288 (s
spectra] daks 4712 A2 b3 gk Ak
gl (01, C2, C3, CAE Ho F3 9},
ohA] wabd 01 skt (C-C) ¥ gia-rt
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(C-0) 79 ’aﬂé- w3 gy 3= 7l2nd
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g ghhol A4 7k A3HO-C=0)F e
ok 19 Aeka 2 Ae)sln] ge BE-E olu] o
2E] ZghE ko ol7] wdell C43efe] ZHgle
vhelbar gl 3 229 hydroxyl groupat MAPP
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