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Study of Flexible Polyurethane Foams Reinforced with
Coir Fibres and Tyre Particles
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Abstract—In this paper, the use of coir fibres and tyre
particles, as fillers reinforced the flexible polyurethane (PU)
foams were developed and analyzed. The characteristics of
fillers were examined by SEM, XRF and TGA. There are five
types of foam composites were produced by one-shot free rising
method in closed mould. The results of XRF trace of CH,
revealed more than 99% in coir is organic compounds whereas
96.9% in tyre are formed by aromatic oil, carbon black and
rubber hydrocarbon (RHC). Besides, the results of thermal
analysis indicated coir fibres and tyre particles are suitable to
use as fillers for PU foams since they have high decomposition
temperature, which is 250°C for coir and 350°C for rubber
elements in tyre. During foam composites production, the
viscosity created causes only 2.5wt% of fillers was added to
flexible PU foams in this study. The viscosity damage the
foaming ability and foaming rate of composites. However, the
results of morphology studied shown foam composites having
cellular structure of smaller cell size and thus having higher cell
density. This type of structure may provide a better damping
for energy absorption according to literatures.

Index Terms—Coir fibres,
recycled tyre, structure.

flexible polyurethane foam,

I. INTRODUCTION

Flexible polyurethane (PU) foam is one of the major
productions from urethane material [1]. It is basically
produced by polyol, isocyanate, water, catalyst, and
surfactant. Among all, polyol and isocyanate are mixed to
form polyurethane linkage [2]. Other components such as:
water is added as blowing agent for foam foaming; Catalyst
and surfactant are function as promoting nucleation as well as
stabilizing the foam formation during foam development
stage [2]. Flexible PU foam is widely used in many
applications. Generally, it is used as cushioning material for

automotive seat, mattress, furniture, and in packaging system.

Besides, it also used as clothing or diapers in our daily life.
To our knowledge, this material has become such widely
used because of its excellent light weight, strength to weight
ratio performance, and the most important is, it offer degree
of comfort, protection and utility not matched by other single
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material [2]-[4].

Flexible PU foam is found on having open-cells cellular
structure. It is usually consists of a minimum of two phases
which is a solid polymer matrix and a gaseous phase derived
from carbon dioxide (CO,) [3]. There is also possible to have
more than one solid phase occurs in foam. It is normally
presented in the form of fillers with fibrous, particles and
other shape size. In recent time, it was observed that fined
fillers such as post-consumer PET particle, carbon nanotube,
calcite (CaCQ;), dolomite (CaMg(COs),), calcium carbonate,
and fumed silica are added to flexible PU foams for recycling,
cost reduction, mechanical properties, and acoustic capability
enhancement [4]-[8]. These studies revealed the possibility
of incorporate fillers in flexible PU foams and it have been
attracted researchers on foam composite production actually;
since the fluctuation of oil price causes the price rising in
petrol chemical based stocks e.g. polyol and isocyanate [5],
[8]. Replaced part of the PU foam derivatives with fillers
could at least reduce the cost of foam production, as long as
the desired characteristics of foam are retained [5], [8].

Substitution of pure resin by recycled materials is a
worldwide tendency, due to the growing of environmental
awareness. Coir fibre is a coarse and short fibre which
extracted from the fibrous outer shell of coconut. It is
considered as environmental friendly, biodegradable,
abundant available, cheap and low density [9]. Recycled tyre
is basically made with natural rubber (latex) and synthetic
rubber (SBR, BR, and IIR). It was obtained once a tyre is
permanent removed from a vehicle. Hence, it is a waste and
usually followed another route such as recycling after that. It
was reported that post-consumer tyres were not classified as
hazardous or dangerous material [10]. According to the
literature, coir is found on taking long time to decay and thus
created a problem on conveniently dispose of this waste [11].
For post-consumer tyre, their recycling methods are very
limited. Most of them are actually not in used and stored in
warehouse or derelict building, on farms, or scattered around
the countryside and in rivers [10]. This causes a great
pollution to the environment. Thus, in order to minimize the
environmental problems, an alternative recycling method that
is mixing coir fibre and recycled tyre with flexible PU foams
to formed composites was developed in previous work [12].

Fillers are not generally used to improve the mechanical or
dynamic properties of pure resin but, rather, are used to
enhance other aspect of composite behavior such as recycling
and cost reduction [13]. For coir fibres and tyre particles,
there are many studies showed that reinforced the pure
polymer with these fillers can achieved a good damping
property [14]-[16]. Nevertheless, the mechanical properties
in composite with coir fibres added could be enhanced via
using treated coir [14], [17]. Further, few studies have been



International Journal of Applied Physics and Mathematics, Vol. 2, No. 2, March 2012

indicated that presence of waste tyre rubber or particular
fillers can developed a cellular structure which is good in
damping performance [7], [18]. As summary, incorporate
coir fibres and recycled tyre in flexible PU foam may given
the benefits of recycling, cost reduction, as well as properties
enhancement in foam and these have been proven on
previous works [12], [19].

Therefore, in this paper, the use of coir fibres and tyre
particles as fillers add in flexible PU foams are described in
details. Compare with the previous works, the preparations of
coir fibres and tyre particles to make foam composites are
described. The structure, chemical composition, and thermal
properties of fillers are examined. Besides, the effect of
fillers to foam composites production and its micro-cellular
structure are investigated also.

II. EXPERIMENTAL STUDY

A. Materials

¢ A liquid mixture with polyether polyol, amine catalyst,
water, surfactant (density at 25°C = 1.02g/cm’,
viscosity at 25°C = 650-750cps);

Polymethane polyphenyl isocyanate (Modified
polymeric-MDI) (viscosity at 25°C = 120-160cps,
specific gravity at 25°C = 1.18-1.20g/ml, NCO
content, %owt = 26.3-27.3);

Coir fibres with length of 0.1mm-5mm;

Recycled truck tyre with 80 mesh particle size; and

Distilled water.

B. Preparation

The coir fibres which collected from polymer and ceramic
laboratory, UTHM were initially chopped to short length by
using granulator machine. The short fibres with length of
10-15mm were found after chopped (Fig. 1(a)). The short
fibres were then ready for alkaline treatment. The objective
of fibres treatment was to remove the dirt layer on the surface
of coir so that it can be well bond with PU resin in composites
formation [14], [17].

Based on Fig. 2, the treatment process start with immersed
the short coir fibres in alkaline solution of 5% NaOH + 95%
water at room temperature for 24 hours. The fibres were then
rinsed with water and distilled water (at the final rinsed) for
the purpose of removed the dirt layer and neutralized the
fibres to pH 7. In 3" step, the treated coir fibres were sending
to oven with temperature of 70°C for dried. 24 hours were
needed for the fibres drying process.

(b)
Fig. 1. (a) Coir fibres, and (b) tyre particles.

@

At the end, the treated coir fibres were chopped again to
reach 0.1-5mm length by using rotor milled machine before
they are use in composites fabrication. The structures of
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untreated and treated coir fibre can be seen at Fig. 4(a) and
4(b) in section of results and discussion.
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Fig. 2. Coir fibres treatment process.

For tyre particles, there was no any resizing or treatment
process was conducted to this filler. They are directly
obtained from Yong Fong Rubber Industries. As mentioned
before, the tyre particles were ready in 80 mesh particles size
with chemical composition of: acetone extract = 10 + 3 %,
ash content 8 + 3 %, carbon black = 30 £ 5 %, and rubber
hydrocarbon (RHC) = 52+ 5%. Fig. 1(b) shows the image of
tyre particles in powder form.

C. Foams Production

There are five different types of foam composites were
designed and developed in this study. The formula of foam
composites formation can be seen in Table I. Similar with
many literatures, the flexible PU foam composites were
produced manually using a mould [5], [6], [8]. However, in
here, there was a closed-mould using for foams fabrication as
compare with those using the open-mould in literatures [5]
[6], [8]. Fig. 3 illustrated the designs of closed-mould. The
mould was making by carbon steel. The base and male parts
of mould were closed by M6 threaded screw whereas the
M10 threaded holes were designed for open the base and
male parts by jet it using M10 screws.

TABLE I: FORMATION OF FOAM COMPOSITES DESIGNED

Sample Foam Composites PU Content Fillers
[wt%] [wt%]

A Pure PU (reference) 100 -
B With treated coir fibres (F)
C With tyre particles (P)
D With 50%F50%P (50F50P) 97.5 2.5
E With 80%F20%P (80F20P)
F With 80%P20%F (80P20F)

As described in previous work, the foam composites were
produced by one-shot free rising method using the
closed-mould with core size of 100*100*60mm [12].
Initially, all the components listed in sub-section of Materials
were weighing according to the formula shown in Table I.
The weight percentage, wt% of each component was
calculated based on the target density set for foam composites
that is 60kg/m’. The PU content shows in Table I was
prepared in blend ratio of 700:60: 3 that is polyol: isocyanate:
distilled water. In overall, the production routes for the foam
composites production were followed as:

1. The polyol, distilled water, and fillers were initially
stirred with a Philips multiple speeds handmixer in a cup
for 1 minute.

2. Isocyanate was poured into polyol mixture and stirred
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about 10 seconds.

3. The mixtures were then immediately poured into
mould and closed the mould before the foam is expanded
out.

4. After 15 minutes, the foam composite can be
removed from mould. It was left for 24 hours to reach
cured. For pure PU foam, similar production routes
described as above were followed.

D. Characterization Methods

The structure of fillers and foam composites were
examined by using Scanning Electron Microscopy (SEM) of
JEOL-JSM6380LA at 10-15kV after the fillers and foams
coated with thin layer platinum by Auto Fined Coater of
JEOL-JFC1600. For foam type specimens, they have to
prepare in 5*5*5mm in order to fit with the specimen holder
used in SEM. The small foams were mounted on the holder
using a double side carbon tape. During the SEM examined,
the mean cell size of foam structure was measured directly
according the micrograph captured using analytical SEM
software. All the mean cell size values of foam composites
were average from 20 cell diameters.

8* M10 threaded hole
§* M6 threaded

|/' SCrew

Male

Female

Base Plate

Fig. 3. Designs of closed-mould.

Thermogravimetric analysis (TGA) was carried out using

Linseis TGA for characterized the thermal properties of fillers.

The analysis was performed under air atmosphere. The fillers

were heated from 0°C to 800°C at a heating rated of 10K/min.

At the end, the thermal profiles of coir fibres and tyre
particles were obtained in TG and Derivative TG curves
using TG analyzed software.

Chemical composition of coir fibres and tyre particles
were trace by using X-Ray Fluorescence (XRF) method. The
testing was performed by XRF machine “S4 pioneer” which
is product from Bruker AXS from Germany.

III. RESULTS AND DISCUSSION

A. Structure of Fillers

Fig. 4(a) and 4(b) present the surface characteristic of
untreated and treated coir fibres. Based on the images, one
may noticed that the surface of untreated coir is covered with
a layer of substances, and these may include pectin, lignin,
and other impurities on its surface [20]. Naturally, coir fibre
is form by lignin (40-45%), cellulose (32-43%), moisture
(8%), pectin (3-4%), and hemicelluloses (0.15-0.25%) [9].
However, after the alkaline treatment, the surface of coir
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fibre become rough and contained many pits (refers to Fig.
4(b)). The results indicated that the alkaline treatment with
5% NaOH added was helps on removed the dirt or impurities
layer on coir surface and, it is actually good for composite
formation since the pits found on treated fibres would
promote a better bonding between matrix and fibres during
the composite formation [14], [20]. Thus, problem of fillers
losses or leakage will not be happen on production stage.
Rather, a good bonding between fillers and matrix can help
on improve the mechanical properties of material [14], [17].

Fig. 4. (b) Treated coir fibre.

Fig. 5 shows the structure of tyre particles. The image
revealed that these particles having irregular shape size with
multi-surface on its appearance. This characteristic may offer
a better damping in composite formed due to more interaction
occurred between tyre particles and matrix material at their
interface region [16]. Damping helps to dissipate the kinetic
energy e.g. noise or vibration found in composite via
interaction or frictional of fillers and matrix [21].

Fig. 5. Tyre particles.
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TABLE II: XRF TRACE OF CH; IN COIR FIBRES
Untreated Coir Treated Coir

Elements Concentration [%] Elements Concentration [%]
CH, 99.100 CH, 99.600
Ca 0.025 Al 0.008
Cl 0.282 Ca 0.338
Fe 0.005 Fe 0.002
K 0.414 K 0.001
Mg 0.030 P 0.046
P 0.058 S 0.005
S 0.014 Si 0.016
Si 0.087 Zn 0.002

B. Chemical Composition of Fillers

To our knowledge, coir fibres is a natural fibres which
mainly formed by cellulose, hemicelluloses, lignin, and
pectin [9], [22]. Hence, the chemical composition of coir
fibres should be majority with hydrocarbon e.g. C,H,,, which
is organic compound consisting of carbon and hydrogen [23].
Hydrocarbons from which one hydrogen atom has been
removing are functional groups, called hydrocarbyls [23].
Reference [22] indicated that the cellulose, hemicelluloses,
and lignin are chemically formed by hydrocarbon or
hydrocarbyls groups. These can be proven on XRF trace of
hydrocarbon (CH,) in untreated and treated coir fibres in this
study (refer to Table II). The results show that in both cases,
more than 99% in coir are forming by CH,. For treated coir,
the 99.6% of CH, showing the effective of treatment process
for removed the impurities on surface of coir.

The results of XRF in Table III indicated the tyre particles
are mainly formed by aromatic oils, rubber hydrocarbon
(RHC) and carbon black, since 96.9% of CH, was contained
in tyre particles [10]. Aromatic oils are come from kind of
hydrocarbon in chemical [30]. The result actually match with
the Material Specification provide by Yong Fong Rubber
Industries that is about 10+3% of tyre is aromatic oils, 30 =

5 % is carbon black and 524+5% is rubber hydrocarbon (RHC).

The actual rubber type in tyre particles is unknown, but the
suppliers described the tyre particles as SBR rubber crumb in
Material Specification provides. However, it is believed that
the tyre particles contain also the natural rubber since they are
collected from recycled truck tyre. It is reported that truck
tyre contains about £30% of natural rubber [10]. Besides, the
small amount of Zn and S found in XRF trace were used to
facilitate the vulcanization process during tyre production
[10].

C. Thermal profiles of fillers

The results of thermogravimetric analysis (TGA) for coir
fibres are shown in Fig. 6 (TG and DTG curves) and it is
summarized in Table IV. It can be seen that the thermal
profiles of coir fibres are characterized by three stages. For
untreated and treated coir, the first stage up to 150°C is
corresponding to the evaporation of water [12], [24]. The
mass loss occurred in this stage is 10-12%.

The thermal profile of second stage in coir fibres show
different in between untreated and treated coir. Refers to the
Fig. 6(a), the second stage of untreated coir occurred in
temperature range of 230°C-300°C whereas it was occurred
in temperature range of 250°C-343°C for treated coir, both
are attributed to the decomposition of cellulose in fibres [12],
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[24], [25]. The thermal profiles in this case, shown alkaline
treatment had made influenced on the thermal degradation
behavior of fibres. This promoting an increase in temperature
at which the thermal degradation took place. It may due to the
removal of some easily hydroxyl substances, which
decompose earlier than the major organic compound, hence
leading a high thermal stable at second as well as third stage
of decomposition for treated coir [24]. According to the
Table IV, the third stage up to 530°C is attributed to the
degradation of lignin in fibres [12], [24], [25]. Besides, it was
reported that the hemicelluloses in coir is start degraded at
about 190°C [24].

ACETONE TABLE III: XRF TRACE OF CH, IN TYRE PARTICLES

Elements Concentration (%)
CH, 96.9
Al 0.033
Br 0.036
Ca 0.133
Cl 0.011
Co 0.013
Cu 0.006
Fe 0.043
K 0.041
P 0.068
S 0.996
Si 0.326
Ti 0.003
Zn 1.414

Based on Fig. 6(b), three peaks were found on DTG curves.
The peak values showing the temperature of maximum rate
of weight losses that is the critical temperature of e.g.
cellulose and lignin on decomposed. These peaks also
revealed the high thermal stable of treated coir in second and
third stage of its thermal profile. The peaks was found on
319.1°C (second stage) and 413.7°C (third stage) for treated
coir, as compared with those found on 272.3°C (second stage)
and 376.2°C (third stage) for untreated coir.

TABLE IV: TG RESULTS FOR SHORT COIR FIBRES

Coir Transition Temperature of Weight Loss
Fibres Temperature Maximum Rate of [%]
Range [°C] Weight Loss [°C]
Untreated 30-150 70.2 12.125
150-300 272.3 42.938
300-530 376.2 43.638
Treated 30-150 69.9 10
150-343 319.1 50.375
343-530 413.7 36.456

For tyre particles, the TG and DTG curves shown that there
are three decomposition ranges occurred at their thermal
profile (refers to Fig. 7). The first decomposition stage from
200°C-350°C comes for volatiles materials in tyre e.g.
extender oil [26]. The second decomposition stage from
350°C-510°C is because of the degradation of polymer in
tyre, whereas the third stage begun at 510°C is caused by
degradation of carbon black [26]. Hence, the profile revealed
that rubber element start to decompose at 350°C and it
reached a maximum rubber loss at temperature of 410.9°C.
Table V illustrated the summaries of thermal profile of tyre
particles in TG and DTG curves.
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Fig. 6. (a) TG of coir fibres.

0.02

-0.02
-0.04
-0.08
-0.08

01
012
-0.14
-0.16

DTG [mgoC)

= = =TUntreated
coir fibres

——— Treated

coir fibres

Temperature [*C]

Fig. 6. (b) DTG of coir fibres.

From Fig. 7, it was observed that a small peak was found
on 54.9°C in temperature range of 5°C-200°C. This
decomposition stage is actually caused by the moisture
contains in surface of tyre but not contains in tyre itself. The
moisture may come from the environment due to the tyre
particles was kept in a box without fully closed. Besides, it
was noticed that the maximum peak for thermal degradation
of rubber elements in this study is a bit different with those
observed in literature that is 504°C [26]. This may due to the
different type of tyre particles are selected for studied. As
said, the tyre particles are come from truck tyre.

The thermal profiles of fillers are considered important to
flexible PU foam composites production. This is because
exothermic was found during the reaction of polyol and
isocyanate, and during the blowing reaction in foam
production [2]. The maximum temperature is up to 140°C
with blowing reaction occurred [2]. Thus, only fillers with
high thermal stable are suitable to use as fillers incorporate
with flexible PU foam. Through thermal properties study,
both of the treated coir and recycled tyre are proved on
having the potential to reinforce the flexible PU foams via
composite formation. This is because the degradation
temperature of organic compounds (in coir) and rubber
elements (in tyre) shown much higher than the 140°C.

0.01

— T

Residual m ass[¥]

400 600 800
Tempenature [*C]

Fig. 7. TG and DTG of tyre particles.
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TABLE V: TG RESULTS FOR TYRE PARTICLES

Transition Temperature of Weight

Temperature Range Maximum Rate of Loss

[°C] Weight Loss [°C] [%]
Tyre 200-350 289.1 19.102
Particles 350-510 410.9 31.018
>510 587.3 41.916

D. Effect of Fillers to Foams Production

One important factor to make flexible PU foam composite
is the presence of water in polymer matrix. The water can act
as chemical blowing agent due to released carbon dioxide
(CO,) when reacting with isocyanate [2], [27]. Hence, extra
distilled water was decided add in polyol for obtained an
effective rising foams, though the polyol is originally
included with small amount of water from supplier. The
resulting specimen with distilled water added was observed
foaming well compare with specimen without distilled water
added (refers to Fig. 8). Therefore, a new blend ratio of PU
formation was developed for this study that is 100:60:3
(polyol: isocyanate: distilled water).

Flexible PU foam composites were decided produced with
loading fraction of 2.5wt%. This is because foam composites
were found not effectively rise once the loading fraction is
more than 2.5wt%, unless more PU content were added to
composites. This problem was happen because the additional
fillers caused a rapidly increased of viscosity in the mixture
during foam production [6]. This behavior can be clearly
seen and feel when mixing the polyol and treated coir fibres
using a handmixer in this study. The mixture become more
viscous and become tar-like consistency when added 5wt%
of treated coir fibres or tyre particles, even with mixing of
both. The increasing of viscosity in mixtures causes the
specimen no longer to foaming properly. The structure of
specimen produced in this case is similar with the specimen
produced without distilled water added (refers to Fig. 8). It
was reported that similar results were obtained in literature
which increased the loading fraction of carbon nanotube to
more than 0.2wt% would caused a fail on flexible PU foam
composite formation [6].

Foam Rise Direction

without distilled water

with distilled water

Fig. 8. (a) Front view.

Moreover, at the same loading fraction, flexible PU mixed
with coir fibres was found on created more viscosity, if
compare with those mixed with tyre particles during
production. This is actually because of coir fibres having
large surface areas contact with polyol thus; more friction is
created in between. For tyre particles, their micro-particle
size resulted small friction during components mixing stage.
Hence, the percentage of fail in obtained proper foams for
composite with coir fibres inclusion is higher than those with
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tyre particles inclusion though they are produced by using
similar parameters (i.e. mould, loading fraction, and
temperature). Similar observation were obtained if compare
the flexible PU foam reinforced with 2.5wt%(80F20P) and
2.5wt%(80P20F). The former one was found easy to
obtained imperfect foam during production.

T 6l ufam l:!”f“” T t¥hefass
5P [0 D wr 3 P
! =1 s F

Fig. 9. Samples of flexible PU fo!s reinforced with 2.5wt% of fillers,

A=PU foam, B=PU+2.5wt%F, C=PU+2.5wt%P, D=PU+2.5wt%(50F50P),
E=PU+2.5wt%(80F20P), and F=PU+2.5wt%(80P20F).

Besides, it was noticed that added fillers to flexible PU
foam may increase the foam formation time [6]. Normally,
pure PU foam is removed from mould after 6 minutes from
the PU mixtures poured into mould. However, for foam
composites, 10-15 minutes was required in order to make
sure the cellular structure is fully formed and solidified. The
time consume for foam solidified indicated a lower foaming
rate in foam composite production.

Fig. 9 presents the images of flexible PU foams reinforced
with coir fibres, tyre particle, and mixed of both. According
to the images, the samples developed show fillers are
dispersed evenly in the matrix material. The colour of pure
foam was observed changes from yellowish to light-brown
for foams reinforced with larger percentage of coir fibres.
Meanwhile, it is changes to light-grey for foams reinforced
with large percentage of tyre particles.

E. Microstructure of foam composites

Fig. 10 and Fig. 11 show the SEM micrographs of samples
produced in this study. The SEM observations show that
there was not much different in between images captured
from surface perpendicular to the foaming direction and
images captured from surface parallel to the foaming
direction. All the foams show anisotropic, though some of
them  (e.g. structures  of  PU+2.5wt%F  and

PU+2.5wt%(50F50P) in Fig. 10) seem like having uniform
cell structures throughout. Literature studied has been
mentioned that almost all man-made foams are anisotropic
[28].
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Fig. 10. SEM micrographs of foam composites which captured from the
surface perpendicular to the foaming direction.

Based on the SEM micrographs, the flexible PU foam
composites are found on having open-cells cellular structures.
The open-cell in structures contained many small
open-windows located on the cell wall and these cause the
struts formed in between the open windows [2].

Compare the cellular structures of all the foam composites,
larger cells were found on pure PU foams’ structure no
matter it is observed in surface perpendicular or parallel to
the foam direction. This can be proven by the cell size
measurement carried out by analytical SEM software. Fig. 12
illustrated the mean cell size of foams in two different
surfaces. The mean cell size of pure PU foam is 23.785%
larger than the foams reinforced with 2.5wt%(80P20F) in
case of image captured from surface perpendicular to
foaming direction whereas it is 34.884% larger than foams
reinforced with 2.5wt%F in case of image captured from
surface parallel to the foaming direction. The latter foams in
both cases were found having the smallest mean cell size if
compare with six sample of foams.

Besides, the SEM micrographs show that thicker struts
were formed on the cell walls of pure foam. This is because
large surface areas of cell walls were obtained in PU foam
with bigger cell size. For foam composites, the cellular
structures are formed by many small cells which included
many open-windows on the cell walls. Hence, thinner struts
were found in small cells. Fig. 10 and Fig. 11 can observed
the thickness of struts in both surfaces of foams. Among all
the foam composites, foams reinforced with 2.5wt%(50F50P)
seem like having thicker struts on its structure since the cells
developed are larger than other foam composites (refers to
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Fig. 12). According to the Fig. 12, the PU+2.5wt%F and
PU+2.5wt%P having a majority of small cells in cellular
structures if accord to the standard deviation in bar chart
whereas PU+2.5wt%(80F20P) and PU+2.5wt%(80P20F)
contain variable cell sizes in foams. The standard deviation of
cell size for PU+2.5wt%(80F20P) and PU+2.5wt%(80P20F)
showing a large gap in between. All of these characteristics
can be observed in micrographs captured by SEM.

Fig. 11. SEM micrographs of foam composites which captured from the
surface parallel to the foaming direction.
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Fig. 12: Mean cell size of foam composites

In overall, the results of morphology study indicated that
fillers tend to modify the microstructure of PU foam to
become smaller cell size and thus higher cell density. Similar
observations were found on literatures also [6], [18].
Therefore, the morphology studied agreed with fillers may
serve as nucleating agent that promote the cell nucleation.
Which resulting a higher cell density at the final formed [18].
Meanwhile, the increase of viscosity during foam production
hinders the cells growth and thus leading to smaller cell size
formation [6], [18]. Furthermore, it was reported that cellular
structure with smaller cell size and higher cell density
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formation could improved the damping performance in
composite [29]. Hence, the foam composites designed and
developed in this study may have a better damping property
as compared with pure flexible PU foam.

IV. CONCLUSION

Five types of flexible PU foam composites which formed
with 2.5wt% of fillers in combination of coir fibres only, tyre
particles only, and combined of both were developed. The
treated coir (treated with 5% NaOH) was used to reinforce
the flexible PU foams as compared with untreated coir due to
a good bonding may obtained in between matrix and fibres.
There was no any treatment process selected for tyre
particles.

The results of chemical analysis indicated that more than
99% in coir fibres are organic compound whereas it is 96.9%
in tyre particles formed by aromatic oil, carbon black and
rubber hydrocarbon. The thermal analysis revealed that it is
possible to incorporate coir fibres and tyre particles in
flexible PU since the decomposition temperature of coir
(250°C) and rubber elements in tyre (350°C) are much higher
than the heat release during exothermic of PU production.

During the foam production, effect of fillers on viscosity
increase in PU mixture causes the foam composites easily to
become failed or imperfect. This case was especially serious
on foam reinforced with coir fibres or higher percentage of
coir fibres though all the foams were fabricated with similar
parameters.

Besides, the SEM images indicated that structures of
foams are anisotropic. The foam composites captured by
SEM are found on having open-cells cellular structure which
formed by many small cells and thus, higher cell density. The
mean cell sizes of foam composites were totally smaller than
the flexible PU foam.

Last but not least, the developed foams can be used as
cushioning material in applications of automotive seat, in
packaging system, or acoustic room since the cellular
structure obtained shown its may offers better damping if
compare with structure of pure flexible PU foam. Hence,
further research will concentrate on analysis the sound and
vibration absorption of foams.
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