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Abstract cial adhesion
The thermal properties of Low Density Polyethylene is impor geind (e thermal propertie
(LDPE)/Palm Kernel Shell (PKS) composites were polymeric composites: i
studied. The comparison of thermal properties of orocessing, [n@temperature of the argan
LDPE/PKS composites with coupling agent, coconut to the@otential filler degtation at
oil coupling agent (COCA) and chemical modification i _ Thus it is vital to determihe t
with acrylic acid (AA) were investigated. The thermal empeRpture of the composites in caler

uality composites. However, it hanbe
deterioration of properties isenbsd
cessing temperatures are maintained below
].

his study, the thermal properties of the LDPE,
DPE/PKS composites with coupling agents at
rent filler loading were determined using
thermogravimetric analysis (TGA).

degradations of LDPE/PKS composites were the
combined phenomenon of the degradation of LDPE
and PKS. The presence of the filler in LDPE polymeric
matrix improved the thermal stability of the
composites. The thermal stability of LDP
composites with COCA is better than LDPE/P

AA.

1. Introduction
For the past two decades, naturgiillers h .
in the polymeric composites ,as\i NatWalefis 2. Experimental

possess many advantage as biodegradable,

renewable, inexpensive and available from 2.1. Materials

on abrasige a The LDPE was supplied by Titan Chemical, Johor,
hence able to hine wear duringMalaysia with density of 0.922 g/émand MFI of

processing. The S cCQusumption for naturatrfill  0.33g/10min. The palm kernel shell that used #earéil
during processifig is oW mpare to synthetierfil was obtained from Malpom Oil Palm Processing,
such as glas@l fiber. studies have beerNibong Tebal, Malaysia. The palm kernel shell was
conduct perate Mhatural filler filled polyimer dried at 80 °C for 24 hours to evaporate the maastu
compogites [1-9]. content. Then the cleaned palm kernel shell was
Th@ugh natural fillers posses many crushed into powder form. The average particles siz

are some drawbacks in the dheto of 75 um was measured by Malvern particle size
of the filler and polymers. analyzer. The acrylic acid with molecular weightwWM
Incompatib between fibers and polymer matrices = 72.06), with density of 1.051 g/ml was supplied b
the tendency to form aggregates during processidg a Fluka. The ethanol was used as solvent to dissolve
the poor resistance to the moisture, reduce theofise acrylic acid in filler treatment. The ethanol 96%aswv
natural fillers as reinforcement in polymers [10]. supplied by Fisher Scientific (M) Sdn. Bhd., Shah
Incompatibility of components is responsible foeth Alam. Coconut oil coupling agent (COCA) was
poor thermal and mechanical properties of the synthesized by using ethylene diamine and laurid ac
composites. Since natural fillers are hydrophilililes from virgin coconut oil.

polymers are hydrophobic in nature, a coupling agen



2.2. Filler treatment

The acrylic acid (AA) delivered is in liquid forr
PKS was mixed into 3% (v/vof acrylic acid in
ethanol. Then the solution was added into the 1
with constant stirring for 1 hour. The treatededilwas
dried at 80 °C for 24 hours to evaporate completed
ethanol.

2.3. Composites prepar ation

Composites were prepared by g a Z-Blade
mixer at temperature of 180 °C and rotor speed(x
rom. The LDPE were loaded into the mixing chan
for 5 minutes. After 5 minutes, filler was addedd:
mixing continued for 10 minutes. The total mixi
time of composites was 15 minutes. ally, the
composites were removed from the mixing chan
and pressed into thin sheet form in compres
moulding. Compression moulding involved prehea
at 180 °C for 9 minutes followed by compressingéi
minutes and subsequent cooling under pre for 4
minutes

The formulation of theLDPE/PKS composite is
shown in Table 1.

Tabe 1. Formulations for LDPE/PKcomposites
Composites + Composite +

Materials Composites
COCA AA
LDPE (php) 100 10C ?
PKS (php) 0, 20, 40 20, 4«(
COCA (php)
AA (%)

2.4. Thermogravimetric anal

Thermogravimetric analy
Perkin Elmer Pyris Diamond
weighting about 125
rate of 20°C/min at tem

Brried oYt usil

ted to heat
of 30 °C to

t the weight loss of PKS startetD
e to the evaporation of volatile .
moisture corgnt of PKS. The degradation startec
take place more rapidly at 204 °C and finished79.2
°C. The derivative thermogravimetry (DT
thermograph in Figure 2 shows two decomposi

peaks for the PKS indicated its t-step degradation.

The samples,

The first and seand peaks temperature wa82 and
345°C, respectively which showed the degradatio
cellulose and lignin. According to Nicho [12],
cellulose decomposed at 280 °C and ended at 3
350 °C while lignin decomposed at 300 to 350 °C
ended at 400 to 450 °C.he weight loss of LDPE
occurred in a one step degradation process frontal
500°C. The LDPE started to weight 10ss280.9 °C
and continued very slowly before reaching
temperature of 400 °C. Above 400 °@ the degraal
process took place rapidly due the furl
breakdown of the LDPE intQ gaseo product'
higher temperature.
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Figure 2.Derivative thermogravimetry (DTG) curvof
LDPE and PK.

From Figure 3 it can be seen that the on
temperature of the LDPE/PKS composites was ¢
compared to the LDPE. This may attributed to
lower onset tempature of the PKS. The therrr
degradation of the LDPE/PKS composites wa
combined phenomenon of thermal degradation of
and LDPE. Figure 3hows that LDPE/PKS composit
exhibited three steps degradation in the the



analysis. The first two steps degradation of welghs
at 290 to 370C were due to the degradation of Pl
while the following weight loss was caused by
degradation of LDPE at 470 to 500

Figure 3 shows the effect @OCA and A# on the
thermograimetric analysis of the LDPE/PK
composites at filler loading of 40 php. The detivex
thermogravimetric (DTG) curves compared
compositesdifferent coupling ages were shown in
Figure 4. Theaddition of the coupling agent h
enhanced the thermal bikty of the composites
Better interfaciabonding was established between
hydrophilic filler and the hydrophobic polymel
matrix.
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Figure 3.Comparison of thermogravimetric anal P
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Figure n of derivative thermogravimetry (DT
curve DPE, and LDPE/PKS composwith

different coupling ages.

Table 2 summarized the derivative data (DTG)
the PKS, LDPE and LDPE/PKS composites v
different coupling agentAt similar filler loading, the
peak temperatureof LDPE/PKS composites wil

COCA was higher than LDPE/PKS composites \
AA, followed by LDPE/PKS composite

Table 3 shows the total percentage weight los
PKS, LDPE and LDPE/PKS composites. Pkhowed
almost 73% weight loss and lefi7% of residues.
LDPE was 100% burnt in the thermal analysis.
higher PKS loading, LDPE/PKS composites h
lower total weight loss. The addition of PKS imped
the thermal stability of the compositiThe addition of

coupling agent was found to decreagg the total v
loss.The total weight loss of LDPE/PK§composite
lowest compared to LDPE/PKS compdgites with

followed by LDPE/PKS coRapositesT better
thermal stability of composite itcou Ii% agent
was attributed to the bett@Rgterf ding hesn
the LDPE polymeric mat with addition
of coupling agent,
alysis of PKS, LDPE,
fferent coupling agent
Peak Offset
Temperature Temperature
(°C) (C)
peak  Fpeak ¥ peak
2823 344.8 - 379.2
478.0 508.8

2917 369.5 481.7 659.5
290.0 364.0 4744 635.2
297.8 369.0 495.5 534.0
2934 368.2 493.9 530.3
295.4 365.4 485.3 612.8
292.6 364.6 478.0 610.9

Table 3 Percentage weight loss of PKS, LDPE,

LDPE/PKS composites witdifferent coupling agents.
Weight Loss (%)

LDPE/PKS : LDPEIPKS: LDPEIPKS: LDPEIPKS:
10020 with  100/40with ~ 100/20 with ~ 100/40 with

Temperature'C)

LDPE/PKS :  LDPEIPKS :
PKS Neat LDPE 10020

10040

COCA COCA M AA
100 6.7 0.05 018 0.35 010 014 0.14 020
200 169 0.04 082 129 103 157 093 166
300 2154 012 289 484 300 480 34 516
400 287 720 869 1852 837 11.94 1033 1333
500 7.89 90.20 7412 6361 68.20 6085 7107 65.92
600 6.20 239 1207 9.5 1720 15.84 12.74 1058

Total weight loss 7296 100.00 9877 9814 97.89 9%.15 9844 96.85

4. Conclusion

The incorporation of the palm kernel shell into
LDPE had changed the thermal properties of
LDPE/PKS composites. The higher PKS loading
LDPE/PKS composites exhibited better ther
stability of the composites. The addition of the@aut
oil coupling agen{COCA) had improved the thermal
stability of the composites by providing bet
interfacial interaction.The addition of COCA as a
coupling agent was better term of providing therme



stability to the LDPE.PKS composites compared to [11] Stark, N. M., Wood fibre derived from scrap

AA.
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