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ABSTRACT Water blown flexible polyurethane foams were made based on ratio 1:1 (w/w)
mixture of palm oil-based polyester polyol with number average molecular weight (Mn) of 5000 and
commercial polyether polyol with molecular weight of 5000, 2.14 pph water and varying amounts of
toluene diisocyanate (TDI). The effect of isocyanate index on the physical properties of flexible
polwlretﬁane was investigated. Isocyanate index of 100 produced the highest density foam (60.6 Kg/m’)
with the lowest hysteresis (23.8%), good tensile strength (0.0995 MPa) and tear resistance (0.2468
N/mm).

ABSTRAK Busa lembut adalah dibuat berdasarkan campuran 1:1 poliol minyak kelapa sawit
yang nomber jisim molekul puratanya 5000 dengan komersial poliol yang jisim molekulnya 5000, 2,14
pph air dan kuantiti toluene isosianat yang berlainan. Kesan daripada indeks isosianat pada sifut fizikal
poliuretana lembut telah diselidik. Keputusan menunjukkan indeks isosianat 100 menghasilkan busa
yang paling tumpat { 60.6 Kg/m®) dengan ‘hysteresis’ yang paling rendah (23.8%), ketegangan ( 0.0995
MPa) dan ketahanan koyak (0.2468 N/mm) yang lebih baik.

(Compression stress, density, elongation at break, flexible polyurethane, hysteresis, isocyanate index,

tear resistance, tensile stress)

INTRODUCTION foams are playing important roles in many

industries, such as roof material and seat cushion

The first commercial flexible polyurethane foam for cars, aircrafts and trains, cushion for bed, sofa
was produced in Britain in 1954 [1]. These and other furniture, soft sole for shoes and others.

The global polyurethane market in 2004 showed
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that flexible polyurethane foams contributed the
most to the market, which was 47%, followed by
rigid foam insulation (26%), and others (27%) [2].
Flexible polyurethane foams meet most of the
requirements for cushioning in furniture, bedding
flexible

polyurethane markets are no doubt in a leading

and automotive. The potential

position.

A lot of work has been done to improve the
flexible polyurethane foam [3 - 8]. Polyurethane
foams can be improved by using different polyol,
such as synthetic polyether, polyester polyol that
derived from petroleum and various vegetable
oils with different molecular weight. Besides,
alterations in foam formulations by using
different amount and type of additives and
blowing agents will produce different properties
foam. In this work, we studied the isocyanate
index on the properties of flexible polyurcthane

foams.
MATERIALS AND METHODS

Materials

Palm oil-based polyester polyol with number
average molecular weight (Mn) of 5000
{Hydroxyl value = 32,78 mgKOH/g sample) and
commercial polyether polyol with molecular
weight of 5000 (Hydroxyl value = 38.12
mgKOH/gsample) was obtained from AOTD,
MPOB. Additives: NIAX stannous octoate
catalyst (GE.  Silicone), NIAX  A33
tricthylenediamine  (TEDA) catalyst (GE.
Silicone), NIAX dimethylethanolamine (DMEA)
cross-linker (GE. Silicone), Niax silicone
surfactant L580 (GE. Silicone) and toluene
diisocyanate (TDI) (Miliken Chemical), of

industrial grade were used as purchased.

Foam Preparations and Evaluations

Equivalent ratio 1:1 (w/w) of palm oil-based
polyester polyol with number average molecular
weight (Mn) of 5000 and commercial polyether
polyol with molecular weight of 5000, stannous
TEDA DMEA

cross-linker, silicone surfactant and water as

octoate  catalyst, catalyst,
blowing agent were mixed together in a plastic
cup and stirred vigorously at 8000 rpm by a
mechanical stirrer until the mixture became
creamy. After that, the stirring was stopped
before adding TDI and the stirring process
continued at the same speed for another i0-15s.
The liquid mixture was then poured into a plastic
box (18 X 12 X 8 cm) and left to rise and cured
at room temperature (25°C) for 7 days before all

the mechanical measurements were carried out.

Density measurement

The test specimens (100mm X 100mm X 50mm)
were weighed to determine the density in
kilograms per cubic meter. Three specimens were

tested and the average value was reported.

Compression stress and hysteresis test

The test was conducted according to DIN 53577
Compression of Flexible Cellular Materials Test.
Foams with dimension 30mm x 50mm x 50mm
were compressed between two flat plates at the
speed rate of 100mm/min. The instrument used
was Zwick Universal Testing Machine with
crosshead monitor and compression platens as
the grip. Based on the stress against strain curve
graph, compressive stress and hysteresis were
recorded. Hysteresis is the ability of foam to
maintain its original support characteristics when
stress is applied. Lower hysteresis values indicate

less energy loss and better foam durability [9].

Tensile stress and elongation at break
The test was conducted according to ASTM
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D3574 Foam Tension Test E. Foams were cut to
flat sheets with 12,5 + 1.5mm thickness and cut
into dumbbell shape according to Test Methods D
412. The test was conducted by using Zwick
Universal Testing Machine. The specimens were
gripped by two screw-type flat plate grips and
pulled at a speed of 500 + 50mim/min. The tensile
stress and the elongation at break were recorded.

Tear resistance test
The test was conducted according to ASTM
D3574 Foam Tear Resistance Test F. The foam

specimens were cut to the shape that shown in
Figure 1. The specimens were clamped to the
jaws of the test machine, Zwick Universal
Testing Machine. The specimen block was pulled
by the jaw diagonally at the speed of 500 +
50mm/min. Maximum force was recorded and

the tear strength was calculated as follows:

Tear Strength, N/mm= F/T
Where, F=force,N
T= thickness, mm

40mm

' 152.4mm

Figure 1. Tear resistance test specimens
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Tensile Stress (Mpa) and Elongation at Break (%) Vs
Isocyanate Index
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Figure 4. Effect of the isocyanate index on foam tensile stress (MPa) and elongation at break (%)
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RESULTS AND DISCUSSION

Flexible polyurethane foam was prepared by
using ratio 1:1 (w/w) palm oil-based polyester
polyol with number average molecular weight
(Mn) of 5000 and commercial polyether polyol
with molecular weight of 5000. Alteration in the
foam formulation such as varying the amount and
type of polyols, catalysts, cross-linkers,
surfactants and blowing agents will result in
different quality of foams. Studies were done on
the effect of diethanolamine and toluene
diisocyanate index on the morphology and
structure of flexible foams [10, 11]. Norin ef al.
have also studied on the influence of stannous
octoate catalyst to the physical properties of

flexible polyurethane [12].

In this study, we used a typical formulation to
study the effect of isocyanate index on the
physical properties of the foam (Table 1). The
isocyanate index was varied from 90 to 110. The
isocyanate index is the amount, in percentage, of
isocyanate used divided by the amount of
isocyanate required to react with all reactive
species that took part in the reaction [13].
Figure 2 shows of the effect of isocyanate index
on density and hysteresis of the foamns. There is a
co-relation between the density and the hysteresis
of the foam. Higher density foams have lower
hysteresis than lower density foams. Foams made
using isocyanate index of 100 possess the highest
density, which is 60.6 kg/m® but its hysteresis is
the lowest, which is 23.8%. Higher density foam
can bear major stresses with minimum strain than
the lower density foam. Hence, higher density
foams provide more comfort and longer service

life to users [13].

The increment of isocyanate index from 90 to

100 caused an increment of foam density but

when the isocyanate index was increased from
105 to 110, a reduction of foam density occurred.
This may be due to high excess of the isocyanate
index ranging from 105 to 110 which decelerated
the competition between water and other active
hydrogen compounds to react with isocyanate.
Therefore, the amount of isocyanate became less
crucial in this situation. The reaction between
isocyanate and water will form carbamic acid
that further reacts to give urea and carbon dioxide
[15]. The surplus carbon dioxide will blow up the
polyurethane foam and consequently produce

lower density foam.

The compression stress of the foam increased
proportionately with the isocyanate index from
90 to 110 (Fig. 3). Figure 4 shows the effect of
isocyanate index on tensile stress and elongation
at break. Foams made with isocyanate index of
100 produced the strongest tensile stress but the
weakest elongation, which were 0.0995 MPa and
129.9% respectively. The tear resistance of the
foam was found to increase with higher
isocyanate index, but this only limited between
90 to 100 indexes (Fig. 5). This indicated
maximum strength of tear resistant and tensile
stress by utilizing the isocyanate index of 100 in

foams production.
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Table 1. Typical Formulation for Flexible
Polyurethane Foam

COMPONENT A PART (pph)
Palm Oil-based Polyester Polyol 50
Commercial Polyether Polyol 50
Stannous Octoate Catalyst (.08
TEDA Catalyst 0.57
DMEA Cross-linker 1.00
Silicone Surfactant 1.00
Blowing Agent (distilled water) 2.14

COMPONENT B PART (pph)
Toluene Diisocyanate 26.9
Isocyanate Index 100
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