CHARACTERISTICS OF DEVELOPED FLEXIBLE POLYURETHANE FOAMS
REINFORCED WITH COCONUT COIR FIBRES AND
RECYCLED TYRES

CHAN WEN SHAN

A thesis submitted in
fulfillment of the requirement for the award of the

Degree of Master of Mechanical Engineering

Faculty of Mechanical and Manufacturing Engineering

Universiti Tun Hussein Onn Malaysia

OCTOBER 2012



iii

“Special dedicated to my beloved parent and my sibling who always gave me support

and encouragement”



iv

ACKNOWLEDGEMENT

The section of acknowledgement is specially dedicated to those who made this
research possible.

First, I am heartily thank to my supervisor, Prof. Hj. Mohd. Imran bin
Ghazali, who gives encouragement, guidance, and support from the initial to the final
stage of the research. Without his leading and knowledge contributed, especially in
the field of noise and vibration, the research will not be finished as fast as one and
half year. A special thank to him for looking the funds to support this research,
especially obtained the Grant Research Assistance (GRA) to me. It gave a great
financial support during the research period.

Thank you to my co-supervisor, Dr. Maizlinda Izwana bte Idris, who spends a
lot of time on helping and guide me in the field of composite material. Her
knowledge and advice save me when I faced problem in material preparation, foams
developed as well as in mechanical testing.

In addition, I would like to thank to Mr. Fazlannuddin Hanur bin Harith and
Mr. Shahrul Mahadi bin Samsudin who help me during the specimen fabrication
stage and also during the mechanical and thermal testing. Thank to Mr. Md Zainorin
bin Kasron who helps me to set-up the free vibration and vibration transmissibility
test. Thank to Mr. Nizam bin Jamat who always willing to support me in specimen
cutting. Thank to Mr. Anuar bin Ismail who assists me to conduct the SEM
observation. Thank to Mr. An Amur Rahman bin Yunos who gives full cooperation
when I went to metrology lab for size measurement.

The most important, thank to my beloved parent and sibling for their concern
and support. A special thank to Kee Chung for his encouragement, understanding,
supports, and helps when I faced difficulty in the research.

Last but not least, I would like express my regard and blessing to all of those

who support me in any aspect during the completion of the research.



ABSTRACT

Flexible Polyurethane (PU) foam is generally used in seat cushions of automotive
seating for comfort and supporting the occupants. However, due to the demand for
more comfortable compartment; seat cushions are now designed for better riding
comfort and acoustic absorption which linked to the damping of foam. Incorporated
treated coir fibres (F) and tyre particles (P) into polymeric material had improved the
damping and strength of the material. In this research, flexible PU foams were
reinforced with two fillers for the purpose of higher damping property and improve
the mechanical strength. Five samples with 2.5wt% of filler loading were developed.
The damping of samples was measured on sound absorption and vibration
transmissibility test that generated at 1mm, 1.5mm, 0.1g, and 0.15g base excitation
while their mechanical properties were examined through compression, tear
resistance, and compression set. The morphology of samples was also observed by
SEM in this research. The results showed that the foam composites produced have
smaller cell size, in which the smallest was 840um compared to 1290um obtained in
pure PU foam. The mechanical properties revealed that the strength of flexible PU
foam increased with added treated coir fibres and recycled tyres. The best properties
were shown in PU+2.5wt%(50F50P) which increased by 10.78% on the compressive
modulus, 9.33% on the compressive strength, 14.49% on the static energy absorption,
and 3.76% on the tear strength compared to pure PU foam. The sound absorption
and vibration damping of the developed foams showed that more energy were
absorbed and dissipated by these foams after fillers added. The PU+2.5wt%(80P20F)
and PU+2.5wt%F presented an excellent sound absorption characteristics at 20mm
and 40mm thickness, respectively, whereas PU+2.5wt%P, PU+2.5wt%(80P20F), and
PU+2.5wt%(80F20P) showed higher vibration damping from the transmissibility test.
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ABSTRAK

Pada amnya, Flexible Polyurethane (PU) berbusa diguna dalam kusyen tempat
duduk kenderaan untuk memberi keselesaan dan menanggung penggunanya. Namun,
atas permintaan pengguna supaya bahagian dalaman menjadi lebih selesa, kusyen
tempat duduk kenderaan kini di rekabentuk untuk keselesaan dan penyerapan akustik
yang lebih baik, dimana ianya berhubung kait dengan penyerapan pada bahan yang
berbusa. Campuran sabut kelapa dirawat (F) dan serbuk tayar (P) ke dalam bahan
polimer meningkatkan penyerapan dan kekuatan bahan. Dalam kajian ini, flexible
PU berbusa diperkukuh dengan dua pengisian bagi tujuan meningkatkan penyerapan
dan kekuatan mekanikal bahan. Lima sampel kajian dengan 2.5wt% pengisian telah
dihasilkan. Penyerapan bahan komposit diukur dengan ujian penyerapan bunyi dan
ujian kebolehpindahan getaran yang dilakukan pada 1mm, 1.5mm, 0.1g, dan 0.15g
yang diuja pada tapak, manakala sifat-sifat mekanikal pula diperolehi melalui ujian
seperti mampatan, rintangan koyak, dan set mampatan. Morfologi komposit pula
diperolehi dari SEM dalam kajian ini. Keputusan ujian menunjukkan bahawa
komposit berbusa yang dihasilkan mempunyai sel bersaiz lebih kecil, di mana yang
paling kecil adalah 840um berbanding dengan 1290um yang diperolehi dari PU
berbusa yang tulen. Sifat-sifat mekanikal menunjukkan bahawa kekuatan flexible PU
berbusa meningkat dengan campuran sabut kelapa dirawat dan serbuk tayar kitar
semula. Sifat-sifat yang terbaik ditunjukkan pada PU+2.5wt%(50F50P) dan ianya
meningkat sebanyak 10.78% pada modulus mampatan, 9.33% pada kekuatan
mampatan, 14.49% pada penyerapan tenaga statik, dan 3.76% pada kekuatan koyak
berbanding dengan PU berbusa yang tulen. Penyerapan bunyi dan serapan getaran
bahan yang di hasilkan menunjukkan bahawa ianya meningkat apabila bahan berbusa
dicampur dengan pengisian, iaitu PU+2.5wt%(80P20F) dan PU+2.5wt%F dimana
ianya boleh menyerap bunyi dengan baik pada ketebalan 20mm dan 40mm,
manakala PU+2.5wt%P, PU+2.5wt%(80P20F), dan PU+2.5wt%(80F20P) pula boleh

menyerap getaran dengan baik dalam ujian kebolehpindahan.
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