CHAPTER 1V

EXPERIMENT

4.1 Materials

and woodflour filler. 7 on bisphenol-A, aniline, and
formaldehyde. Bisphenol- polycarbonate grade s kindly supplied by Thai
Polycarbonate. Para-formald '

from Merck and APS Fi

(AR grade) were purchased

Ovolac resin is prepared by
phenol and formaldehyde reactants (AR grade) were
purchased from Apec Ghec orade) was obtained from
Suksapanpanit. Woodflour obtained from Yu-nguan

Industrial. All chemicals were @IS

4.2 Benzoxazine Resin Prepé

- -

Benzoxazine resyi

.?‘HJ aldehyde, and aniline at
the stoichiometric mole Eio of "I SN was o ared based on a patented
solventless method [H. Ishida, gS Patent 5 54%,316] The preparatlon reaction is shown

in Figure 4.1. Thﬂ)t!wng W%ﬁ)ﬂ E}:‘ﬁlﬁﬁgwwh solid powder at

room temperature. fhe product is then ground mto fine powder and can be kept in a
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HO |—®—OH+ 4HCH + 2NH3 —
CH,
Bisphenol-A Formaldehyde  Aniline

Phenolic novolac resin and formaldehyde. In the synthesis

process, a phenol:form_aldehy e oI

catalyst [K. Sandler, 19§ 41 The pre
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in Figure 4.2. The obtaine@p dtroom temperature.

was used with oxalic acid as a

lic novolac resin is shown
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OH

1.12 + ” Oxalic acid
HCH o

Phenol = Formaldehyde

CH,

n—2

esin

plac resin.

4.4 Benzoxazine/Phenolj ) , Preparation

Binary mixtures of befizo (Aritie and’ lic novolac resins were obtained by
melt-mixing the two monomer pow ! mass fraction at 80°C. The weight
ratios of the benzoxaz eXB) and phenolic novolac(Py-Binaty mixtures at 90/10 (BP91),
80/20 (BP82), 70/30 | . 70(BP37), were evaluated as

L] - - I |
atrices for wood composxtes -
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particle smeqused was less than 150 um. The woodflour was firstly dried at 110°C for 24

potentially fire resistant

hours in a vacuum oven until a constant weight was achieved and was then kept in a

desiccator at room temperature.
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4.6 Processing Method of Wood Composites

The BP resin mixtures were compounded with woodflour using the fixed
woodflour contents of 50% and 70% by weight. The compounding temperature is 80°C.
Both the resin mixtures and the woodflour were mixed in an aluminium container for at
least 15 minutes to ensure good wetting of the resin on the woodflour. The molding
compound was placed in a preheated stainless steel mold and was compression-molded

using a compression molder at 160°C andlat a hydraulic pressure of 35 MPa for 120

minutes. The samples were then r pression molder and cool down at
room temperature. The diag reparation process is shown in
Figure 4.3.
:’ oodflour (<150 pm)
Benzoxazine/phel v/ oldmg Compound
novolac alloy (5 0 o WF and 70% WF)

Hot press

Pol uh;lp ‘awaﬂjw Ejl]ﬂi 1A160°C 2 hour
TRTRIMS 031

Wood composites

Composite properties

Figure 4.3: Wood composite process.
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4.7 Processing Window Determination

Rheological properties of each alloy were examined using a Rheometer (Physica
Parr) model MCR300 equipped with a parallel plate geometry under an oscillatory shear
mode. The diameter of the upper plate is 25 mm. The measuring gap was set at 0.5 mm.
The testing strain amplitude and the frequency were 1% and 1 rad/s. A sample mass of 2
g was used in each test. The testing temperature program was ramped from 60°C at a

W the gel point of each resin and the

heating rate of 2°C/min to a tempera

dynamic viscosity was recorded.

4.8 Differential Scanning

Curing tempera nolding compounds were

examined using a differential’s ng ca ) et (model'2910) from TA Instuments in

a temperature range of 30-300°¢ 0 fng were placed in a non-

hermetic aluminum pan with Jid erformed at a heating rate of

10°C/min under nitrogen purging. B;‘tﬂ ¢ wass tested at the first time for purging a
. o Ry + 4 .
contamination and calibrating the D ~'§a,a~ alloys, or molding compounds were

tested at the second time. cured time, glass transition

X

temperature were obtaiNe® e '

4.9 Density Measure-ﬂ

L

ﬂl:{ﬂ'mﬂﬂ? g3

specimen was rmined

water dlsplacement method

¢
according ﬁﬁ plma aea a disk shape
having 50.8 3 culated by the

following equation:

p=Cgog }%bs (1)
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where p = Density of the specimen (g/cm3)
A

Weight of the specimen in air (g)
B = Weight of the specimen in liquid (g)
po = Density of the liquid at the given temperature (g/cm’)

The average value from at least three specimens was calculated.

of oxygen and nitrogen th: stion of a material at room

temperature was called .a LOI measurements were

performed following ASTM en dimensions were about
7x70x3 mm’. Three samp

calculation of the LOI of am

ating an average values. The

Ws equation (2) :

)

where LOI= Limiting oxygenifdex="
0, = Volumat =.ﬁm.—.:.:__,
Y
N, = Volumetri

limitingp;txt:; :ﬂﬁﬁwsﬁ] Wﬁjﬂlﬂwﬁe tested to calibrate 2
i AEARAAIE NN TN Y

In this exberiment, a bar of a specimen is supported horizontally at one end. The
free end is exposed to a specified gas flame for 30 sec. An average burning rate is

reported for each sample. The dimension of the specimen used was about 12x120x3 mm®.
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This test method was performed based on ASTM D 635-9. Three samples were required
for calculating an average values. The burning rate is calculated from :
5 . . 75
Rate of burning (mm/min) = . 3)
-t
where t = Time period from start to time as flame has proceeded to the mark 100 mm

t; = Time period from start to time as flame has proceeded to the mark 25 mm

4.12 Heat of Combustion D

Calibration was operated sting a sample for each day by

using a benzoic. The testg nto solid powder. Heat of

combustion (HOC) of the péwd pecimen was thus determined by combusting the
powder sample with excess gXyg essure o 6 N/m? in Bomb calorimeter
(Leco AC-350). The mass of gach 2, At least two samples of each

composite specimen were réquiged o £ 1 the tes e save of the obtained result.

Degradation te ém iy omposites were studied
using a thermogravimet [. 851°) from Mettler-Toledo
(Thailand). Each sample :Q heated at a heating rate of 20° min from room temperature
to 900°C under a ﬁﬂ i ple was 15-20 mg.
The degradation t:@ﬁﬂoj () a ?‘I ﬁ ﬂa['n(jdmO °C were recorded
for each specimen

QWWﬁNﬂ‘iﬂJ UA1INYAY

4.14 Dynamlc Mechanical Analysis

A dynamic mechanical analyzer (D-29693) from GABO in a bending mode was

used to identify glass transition temperature, storage modulus (G), loss modulus (G”) or
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loss tangent (tand) of samples. A dimension of each specimen was 7x40x3 mm’.

Experiments were performed in a temperature sweep mode with a fixed frequency at 1

Hz and an average strain amplitude of 0.04%. Each specimens was tested using a heating

rate of 2°C/min from 60°C to about 300°C.

4.15 Flexural Property Measurement

Flexural modulus and flexural ) f composite specimens were determined
utilizing a Universal Testing Machine (mods 04 E; from LLOYD Instrument. The

test method used was a three-pomt-bending m a support span of 48 mm. The
crosshead speed was 1.2 manmifi’ kno/diniension of thesspecimens was 25x60x3 mm°.
The flexural properties 90M-93 according to the

following equations :

C))

)

where Eg= Flexural modulu
S =
P

Il

Load at ;Jf]?’-

L = Support ;.;I (mm)

R En wenns

m = Slope of the tangent to thefinitial straight;line portion ofithe load-
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4.16 Water Absorption

A method was based on ASTM D 570-95. Each specimen was prepared in a disk
shape with 51 mm in diameter and 3.2 mm in thickness. The water absorption of a

specimen was calculated according to the following equation,

Water absorption (%) = _wet weight — dried weight 5, (©)
dried weight

: eénersion at various time

dried weight = Weighwof s --- n b -n\!-‘ ater immersion at a certain

4.17 Interfacial Bondix /. i “n, ’

ﬁl--ﬂ_ ‘
Interfacial bonding offa Milledisam val

where  wet weight = Wei

investigated using a ISM-5400

scanning electron microscopC atf@n & Celorationivolts oe of 15 kV. Samples were coated

with thin film of gold using a O , 300 ¢ device (model JFC-1100E) for 4 min
— =

to obtain a thickness of appre icrographs of the specimens

fracture surface were 4 :==‘=-“ﬁTT—{', caled the dispersion of
woodflour particles and , C .-.""‘ the interfacial interaction

between the matrix resin dfnd the woodflour ﬁller
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