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Abstract

The use of chicken bone powder as filler in flexible polyether
foam has been studied. Foam recipes were incorporated with 0%, 5%,
10%, 15%, 20% and 25% chicken bone powder and the foam samples
formed were analyzed; the results obtained were compared with 10%
CaCO3 as used in foam industries. The physico-mechanical properties
ofthe foam samples produced were enhanced, 10% of the chicken bone
as filler is comparable with 10% CaCOs. Analysis of the bone gave the
following cations in descending order of concentration Ca®*, Mg®", K,
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Na'.Zn~ . Mno and Cu~ ' while the concentration of CO5™ was higher

than POL;}‘.
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Introduction

Filler is a finely divided solid material
which is added to liquid, semi-liquid or solid
composition to modify the physical properties
of the composition and to reduce the cost of
the product’. The usc of fillers to modify the
properties of composition can be traced at least
as lar back as early Roman times, when
artisans used ground marble in lime plasters,
frescoes and pozzolanic mortar®. Fillers may
be classitied as reinforcing and non-reinforcing.
Reinforcing fillers are small in particle size and

chemically active while non-reinforcing fillers
arc added as extenders in polymer to reduce
cost.

Bone functions in various ways, such
as, protection, shape and support to the body;
it helps in movement, blood production, acid-base
balance and detoxification®. The applications
of bone in the ancient times include archaeological
dating due to the fluorine content of the bone
and decorative arts. Other applications of bone
in the modern era include its use as artificial
manure, as well as in making buttons and knife
handle: the fat content is used in soap and
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candle making,*. Animal charcoal, bone il and
pitch obtained from distillation of bone are used
4 filtering and clarifying materials™®.

The vast applications of foam in
virtually all aspects of human activity show the
overwhelming importance of foam industries
and their growth in synthetic polymer technology.
There is a continuing need to improving the
texture and at the same time lower the prices
of polyurethane foams by the incorporating of
a variety of fillers in the foam recipes. in
recent publication works, lots of locally
available raw materials such as coconut shell
powder, coconut fibres, cattle bone (femur’
and various nut shells have been used as filiers
in flexible polyether foam. The aim of this work
is to determine the effect of chicken bone
powder as filler on flexible polyether foam.

Experimental
Materials

IFresh chicken bone was collected
from Citi exotic(fast food company), No. 39
Afikpo Road, Abakaliki, Ebonyi State, while
the raw materials used were obtained from
Winco foam Nigeria Ltd, Awka, Anambra
State, Nigeria.

Method
Preparation of Chicken bone Powder .

17.45kg of fresh chicken bone was
assembled by hand picking. The meat particles
attached to the bone were scraped off with
the aid of a knife. The bones were cracked open
and washed with hot water and detergents to
remove the bone marrow. This was followed

T. U. Onuegbu, e/ al.

by rinsing with warm water, and drying in an
oven for 24hrs at the temperature of 100°C
for complete removal of water content. The
bone was reduced to smaller sizes with mortar
and pestle. It was then milled with a manualily
operated corona lever machine, Landers and
YCIA S.A model.

Characterization of the filler sumple :

The chicken bone was characterized
using the following methods:

a). Size distribution was determined
using Gilson Automatic Sieve Tester, S5 15
model. The sieve was fitted with Rotan- type
timer suitably to give the sieve a vibrating vertical
movement. Samples of different mesh sizes;
320pm, 180pum, 87pm and 63pum were
assembled on the Gilson Automatic Sieve
Tester.

b). The hydrogen ion concentration ol
the chicken bone was determined using
iniversal indicator paper, 1-14 Q/GHSC 1544-
1999 made by SHANGHAI 885 REAGENT
CO LTD.

¢). Solubility of the bone sample was
determined by mixing 0.3g of the bone with
10cm? of various inorganic and organic solvents
such as hot and cold water, 2M each of dilute
hydrochloric and sulphuric acid, butanol,
acetone, methanol and ethanol.

d). Specific gravity was measured by
the air comparison pycnometer method using
ASTM D2840 standard method.

e). Charring temperature: 1.0g of the
bone was placed inside a combustion tube
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Table I. Formulation of Foam Samples
Raw Malterial Pph CaCO3| CBy | CB, CB, CB; CBy CBs
(8) (&) | (8 (8) (2) (g) (g)
Polyol 100 200 200 | 200 200 200 200 200
TDI(Index 108) | 54.3 109 109 | 109 109 109 109 109
Water 4 8 5 8 8 8 8 8
DMEA 0.4 0.8 0.8 0.8 0.8 0.8 0.8 0.8
Silicone 0.8 1.6 %) 1.6 1.6 1.6 1.6 1.6
Stannous 0.3 0.60 0.60 | 0.60 0.60 0.60 0.60 | 0.60
Methylene 3.6 72 7.2 7.2 7.2 7.2 72 12
chloride
IFiller Varied/ 20 0 10 20 30 40 50
pereentagef (10%) | (0%)1 (5%) | (10%) | (15%) | (20%)| (25%

Pph = Part per hundred

{attached to a 0-360°C ranged thermometer.

The combustion tube was clamped on a heating
mantle which was regulated at constant
heating point. The char temperature was
recorded.

f). Metallic ion content: This was
determined using buck Scientific AAS 205
Model, Air acetylene flame type at a flame

temperature of 2000K and flame height of

6mm’*, The determination was carried out by
digesting | g of the bone with 3:1 hydrochloric
acid and nitric acid (aqua- regia) for 20mins.
The solution was diluted to 250cm? with
de-ionized water and then analyzed.

g). Anion contents were determined
by usual qualitative analysis. The foam
formulation is shown in Table 1.

Preparation of Flexible Polyurethane Foam:

The filler loads used in the production
of foam samples varied from 0%. 5%, 10%,
15%, 20% and 25% while the measurements
of the raw materials used were constant, 10%
calcium carbonate used in industry was used
as standard. Flexible polyurethane foam sample
was produced by batch process as described
in a number of articles” '”. The foam samples
were removed and kept at a temperature of
25°C for 48hours before testing,

Characterization of foam samples :
The following physico-mechanical

properties of various foam samples were
determined using standard methods; density,

tensile strength, elongation-at —break'', porosity,
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compressive sirength, flamimability, compression
% o LA
set, thermal conductivity and hardness tost!2 15,

Results and Discussion

Theresults ol the analyses of the [iller
showed that the particle size distributions are
20, T80, 87pm and 63 pm while 63jum
particlesize was used. Fillers become inereasingly
reinforcing as the particle size decreases. The
particle size ol filler has dominating clTect on
tensile strenpth and other properties. The
smaliness of the particle size provides a larger
surface arca. The pll value of the bone is 5.
{he specific gravity is 0.79 and the charring
temperature is in the rnpe ol 190-200°C
which indicated its resistance to thermal
degradation. The solubility test carried out on
the bone powder Hhuwi:c' hat it is insoluble in
acetone, hot and cold water, slightly soluble in

butanol, methanol and clhiane! but soluble in =

dilute hydrochloric and sulphuric acids,
concentrated hydrechloric and sulphuric acids.
I therefore showed that the chicken bone
powder will enhance the chemical resistance
ol the polyurcthiane foam to chemical attack.
The colour change observed when tested
showed (hat the chicken bone powder will
unp.nf colotr an any composile inle which it
is incorporated. The resulls of the chemical
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compaosition of the bone powder are shown in
Tahic 2.

These ions i ic sample are contres
of adhesion belween the polymer and the
fillers, The Ca® serves as the binding apert in
the pnlymct e foam as well as a hardencer,
Mg?" also serves as a binding apent, while Na'
and K" enlanice porosity, Fe hielps in structure
maintenance and rigidity, and Mo, Cu?®
Zn7" act as eadalysts. POL™ witl be uselul as o
bullering agent and as a retardani while the
COZP in combination with the calcium, that
is, calcium carbonate serves ns an exten (Ecr.
The effects of filler on the physico-mechanical
propertics ol the o samples are 'me.. G
Table 3.

The results of the density showed that
sample without filler, CBI is airtight and has

higher density followed by CIE|. As the filler

doad incrcases the Ldi sizes of the foam

samples inerease and ther xlw alfecting density

mydi'\x.i\, The 10% Titier laad hes

compressive strenpth with 10% calcium

carbanate which is used as standard, afier

which the values steadily decreases. The

tensiie strength of 0% Miler foad is
1.

mereises from 5% to 1

the same

fow and
B owd then starls
decrease from 15% (o 25%. When compared

Table 2. Chemical composition of hone powder

Cations Gar Mg | K Na' ek il Mn®! Cu?!
Coneentra- 78.039 7304 [ 149517833 1 0335 | 0286 | 0.007 0.007

tion g/{lnn

f\nmnf. PO CO™

[ Concentra- 0.00035 | 0.408

S’
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Table 3. Rcsull.’sf‘ul' the Physico-mechanical propertics of the foan samples -

3
strenpth(N/mm<)

Jest CaCO; Chig | CBFy | CI GBU;} CBFy | CBls
Density(hg/m®) 25.6 G | BN | 923 by |- ke | o123
Compressive 0.010 0.016 | 001! 0.6 G.Otd ) 6013 | 0.012

Tensile strength (\'/’mm ) 145 9.08 3.93 S 561 06,93 591
Flongation at break (%) 50 62 83 16 ] 43 A0
Compression scl (%) 1.90 0.0¢ 5.04 6.00 H.57 ; L2 .00
Thermal conductivity(°C) | 56 36 42 32 28 |25 21
Flammability(see) 13 | 28 20 34 53 12 15
Porosity |i1(5L;-?\' 5.5 13.5 [ 313 178 7.98 7.5 1‘ 3.7
Mﬁill'kll'lctn‘i valuc _'f‘ll 226 il 71 572 36l 244

Nuote: CBFT means Chicken bone Fille

o 0% CaCCy, S% and 10% chicken bone
compasitiens have higher clongation-at-break
whife 0% has the highest clongation-at-break.
The elorgation-at-break decreases with increase
i (itler foad. The thermal conduclivity decreases
with increase in filler load probably, because
the composite does nat have so much mobile
ions. From the results of the hardness test, il
could be seen il the incorporation of Nller
inte the fuam recipes enhances its hardness
property. The 0% foam :;nmp!c has fow
hardness value while foam with 10% chicken
bone has higher value than 10% CaCOy The
wrosity index of 5% [iller is comparable to
hat ol 10% CaCOjy and from 10% (itler Toad
it stails Lo deercase.

As filler, the bone powder also interacted
with the foam recipes. The mode ol interaction
i complea but delinitely includes lock-and-key,

mere physical entanplemienis, some van do

Waai’s and other dispersion forees, clectrostatic
or coulambic inleraction between enlions and
the :,iwhllv nepative chagges on the secondary
carbon atom. Thenel results of these nteractions
would 'hc an intimate union between the lier
narticles and the binder. This 18 expecied to
exert more effeet i the physico- mechinnical
praperties ol the fomm compared with those
ol unfilicd sample.

In conclusion, it could be concluded
(o the results of fie analvses that the
chemical constituents of the Htler contitbule
muech (o the mechanical pmp("ln,., uf the
polyurcthane foam samples. The decreasing
order of the concentration n' the cations is

Ca®' Mg

i 1 L | o
O N EE Ae and Cu?' while
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Cler~ pudmnmd es over PO in concen-
tration. The animal bone alseo impart colour (o
the poiyurcthane foam smnp!u ihe physico-
mechanical propeitics of the | foam samples
produced were enhanced, 10% chicken bone
as filler is comparable (o 10% CaCOj used in
the industry, ,
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