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Abstract : This work studies the comparative analysis effects of density, hardness and porosity index of flexible
polyether foam filled with cow and chicken bones. The size distributions of the two bone samples were deter-
mined and 63um of each of the filler samples were incorporated in the foam recipes. The densities, hardness and
porosity indexes of the foam samples were studied using standard methods. Results showed that the densities
of 5% foam;j samples filled with cow and chicken bones, 2.86x10°5 and 2.65x10-5 respectively were better than
that of the foam samples filled with 10% CaCOs used in industries whose density is 2.56x105, The porosity index
of the foam samples increase with increase in filler load. The parameters studied showed that cow bone
performed better than chicken bone filler. i

Introduction

Over the past few years, there have been increases in the prices of flexible foam as a result
of vast applications of this product. These increases necessitated to the incorporation of variet-
ies of fillers in the foam samples. Filler is an inert material added to a polymer composite to
improve its properties and to reduce its cost [1]. Fillers cause stiffening of polymer. The degree
of stiffening is a direct functional surface area of the filler. The surface area can be determined
by the particle size and the porosity of the particles. The three types of fillers are: reinforcing
fillers which are glass, graphite, alumina, carbon boron and beryta and these are capable of
‘enhancing strength properties of a polymer [2]. Fillers that increase the mechanical strength
are called active fillers. While inactive fillers are those, that bring down the cost of materials as
well as improve the finishes of the moulded products, these include wood and other similar
materials in different shapes and sizes. Inactive fillers may be organic or inorganic [3]. Physico-
mechanical properties of flexible polyether foam filled with fibrous and animal wastes have
been studies extensively [4-6]. Fibrous and ‘particulate materials have been found useful as
fillers in natural rubber for reinforcement [7]. Natural fibres are found to have extensive appli-
cations in building and civil engineering fields [8]. =

The raw materials for the production of flexible polyether foam are polypi, polyisocyanate,
blowing agent, catalysts, surfactant and additives, Flexible polyether foams products which are
made from liquid substances are available in a wide range of types and forms designed for
specific applications based on the density [9]. Based on these criteria, flexible polyether foam
can be classified as: low density 16-24kg/m , medium density; 32-48kg/m’ while high density;
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48 kg/m? and above. Low density types are mainly used for low and poor quality mattresses and
packaging operations, medium density types are used for upholstery such as cushions and mat-
tresses while the high density flexible polyether foams are used for wrestlers and athletic under-
lay [10].

The present study is an attempt to provide additional information on the effects of animal
bones on the density, hardness and porosity index of the flexible polyether foams samples.

Experimental
Materials

Raw materials were collected from Winco Foam Nigeria Ltd, Awka, Anambra Stat e, Nj ge-
ria, the cow bone was obtained from Abatoir, while the chicken bone was sourced from Citi
exotic Fast Food Company, No. 39 Afikpo Road, Abakiliki, Ebonyi State.

Methods

10kg of the cow bone samples were oven dried at 110°C for 48hrs in order! to remove the
water content. 7.15kg of the bone of the bone recovered was crushed in mortar and milled with
a manually operated corona lever machine model YCIA S.A. and sieved. 8.55kg of the oven
dried chicken bone was also milled using the same procedure.

Characterizations of the bone samples

(a) Sieve analysis

The particle size distributions of the two bone samples were determined by the Gilson
Automatic Sieve Tester, SS-15 model attached to the following mesh sizes, 320 um, 180 wm,
87 um and 63 pm.

(b) Specific gravity

The specific gravity was measured by the air comparison pyconometer technique using
ASTM D2840 standard method.

Foam formulation

The foam formulation is shown in Table-1.
Table-1 : Formulation of foam samples

Raw Pph CaCo, FARB, FAB, FAB, FAB, FAB, FAB;
material (g) (g) (g) (g) (g) (g) (g)
Polyol 100 200 200 200 200 200 200 200
TDI (index | 54.4 108.8 108.8 108.8 108.8 108.8 108.8 108.8
108)

Water 4 8 8 8 8 8 8 8
DMEA 0.14 0.28 0.28 0.28 0.28 0.28 0.28 0.28
Silicone 0.8 1.6 1.6 1.6 1.6 1.6 1.6 1.6
Stannous 0.15 0.30 0.30 10.30 0.30 0.30 0.30 0.30
Metliylene 3.6 7.2 F 72 7.2 7.2 7.2 T2
chloride

Cow or % 10% 0% 5% 10% 15% 20% 25%
Chicken varied

bone

Note: Pph=Part per hundred, FAB, = foam with 0% Animal Bone etc.
Preparation of flexible polyether foam

Flexible polyether foam samples were produced by batch process as described in a number
of articles [9, 11]. 10% CaCO:s used in industry was used as control, while the animal bone
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powders used in the production of the bone samples varied from 0%, 5%, 10%, 15%, 20% and
20%. The foam samples were removed and kept at a temperature of 25°C for 72hrs.

Characterization of foam samples

The following mechanical properties of the foam samples were determined using standard
methods: density, hardness and porosity index [12]. :

Results and Discussion

The results of the particle size determination of the bone samples indicated that the mesh
sizes are 320um, 180pm, 87um and 63pm while the 63um was used for the production of the
foam samples. The particle size of filler ‘has a dominating effect on tensile strength and other
properties. The smaller the particle size the larger the surface area and the more the filler
polymer interaction. The size distribution of fillers whose particles are larger than 40um and
which have at least moderate sphericity can be conveniently measured by sieved method. Those,
whose size range from 4-40pm are measured by microscopy, sedimentation, permeametry or
radiation scattering methods. The finer the particle sizes the higher the tensile ‘strength, modu-
lus and hardness. Coarser particles give weak product than the materials without fillers, but if
the particle size is fine there is an enhancement of the mechanical properties. Coarse particles
lead to points of weakness in polymer and will therefore fail under stresses. Filler surface area”
determines the ease of dispersion in the foam recipes, the flow properties and optimum loading
of filled polyether foam. This indicates that the particle size of the filler sample is of fine
particle grade, which are suitable for use as filler in polymer. Fillers become increasingly
reinforcing ,as their particle size decreases. The particle 63um was used in the production and
the smallness of the particle size provides a larger surface area and hence a large filler- poly-
mer- interaction. The particle size of filler samples are shown in Table-2.

Table-2 : Particle sizes of the filler samples

Filler type Mesh No. N50 N100 N150 N200 | Total
Particle size (um) 320 180 87 63

Chicken bone filler Weight retained(g) 234.51 61.94 85.70 63 423.15

Cow bone filler Weight retained(g) 379.82 91.50 39.47 - 69.20 | 579.99

From the results shown in Fig-1, it is clear that the cow and chicken bons have moderate
densities, SG=0.88 and 0.79 respectively. The specific) gravity of filler that composed of rela-
tively large, non-porous spherical particles is usually determined with air pyconometer. The SG
of cow bone was higher than that of chicken bone.

D”Oow bone @ Chicken bone

Fig-1 : The specific gravities of cow and chicken bone fillers
As can be seen in Fig-2, the results of the densities of the foam samples indicate that the cow
bone filler gave foam samples with higher densities than the chicken bone filer. At 0% a high
density value was attained probably because the foam samples were air tight. As the percentage
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Fig-2 : Density (kg/m3 x 10 — 5) of the foam samples
From the results of the hardness test in Fig-3, it can be deduced that the incorporation of
fillers into the foam samples enhanced the hardness of the foam samples. At 10% filler load,
cow bone filler gave the highest value, followed by chicken bone filler and the CaCOs The
hardness value decreases with increase in filler load. This indicates that the filler load that gives
the hardest foam sample is 10% and the cow bone filler gave the best results.
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Fig-3 : Hardness value of the foam samples
It is apparent in Fig-3 that as the percentage of the filler load increases the porosity index of
the foam samples also increases. Ta 0%, the foam was averagely porous because the foam
sample is air tight while at 10% filler load CaCO; filler givEs a moderate value followed by
cow bone filler and finally the chicken bone filler. From 15-25%, the foam samples were
observed to be more porous although, the chicken bone foam samples were) very porous when
compared to cow bone foam samples. It may be deduced that the incorporation 0¢ this filler in
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Fig-4 : Porosity index of the foam samples

Conclusions

A number of conclusions is evident from the results of the analyses. The animal bones
enhance the mechanical properties of the foam samples. The specitic gravities of the bone
samples were moderately high. Cow bone gave the foam samples with the highest densities.
10% cow and chicken bone fillers are comparable to the 10%CaCOs.
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