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The goal of this work was investigation of physical and chemical properties of
calcining products obtained from bone sludge. The calcining process was carried
out at the temperatures of 873-1223K, in chamber kilns in air atmosphere.
X-ray investigations of phase composition confirmed that hydroxyapatite is the
main component of calcining products. The phosphorus content in these products
was close to the level of concentration of this element in typical phosphoric raw
materials which proved right using waste materials from meat industry as a
substitute for phosphoric raw materials. Studies of morphology of ashes obtained
at different temperatures showed that the calcining temperature did not affect the
product properties in essential manner. In all cases fine-crystalline products, with
a similar shape and size of grain were obtained. Only ashes calcined at 1223 K
were characterized by slightly melted crystallites.

Keywords: bone sludge; hydroxyapatite; phosphoric raw materials; physicochemical
properties; thermal utilization

INTRODUCTION

A solution to the problem of depletion of phosphorus raw material
deposits [1-3] could be obtaining phosphorus from industrial waste
especially from meat industry that generates 18 million tons of
phosphorus-containing waste per year. Phosphorus-containing waste
from meat industry such as meat-bone pulp and all the elements of
animal bodies suspected of having contracted BSE disease belonged
to the I high-risk category of waste. Thermal processing was the only
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permissible method of neutralizing this waste at a temperature not
lower than 1123 K (within min. 2s) [4]. Bone sludge, i.e. deproteinized
and defatted bones, skins, hooves, horns, bristles, feathers and blood
from animals other than ruminants, elements of slaughtered animals
considered suitable for consumption and also those which were
rejected as not suitable for human consumption and having no symp-
toms of diseases transmitted onto people, belonged to the III category
of waste. This waste should be eliminated through combustion at the
temperature of 1123 K. They can also be processed into feed, biogas or
compost [4]. The next method of bone-waste utilization was based on
the possibility of transforming bones or bone-waste into hydroxyapa-
tite by means of chemical methods. Hydroxyapatite obtained from ani-
mal bone waste could become a new, alternative material applied in
bone surgery. This theory is based on biocompatibility and structural
similarity of hydroxyapatite to mineral parts of human bones. These
properties make hydroxyapatite obtained from animal bones osteoin-
ductive, i.e. after its implantation a natural bone can gradually replace
an implant [5-7]. The studies also proved that because of its porosity it
can be applied in bone surgery and also as a polymer additive increas-
ing their bio- functioning. An organic part of animal bones can be
almost completely removed by double extraction of hot sodium hydrox-
ide (4 M) at a temperature not lower than 100°C within 24h. Thus
obtained hydroxyapatite contains 38% P205 and 52% CaO and also
carbonate groups and magnesium, as it happens with hydroxyapatite
of human origin. No significant difference in materials from pork and
beef bones was recorded, and the crystallites size fell in a range of
hundredth parts of micrometer therefore it was classified as a nano-
material [8,9]. However, the leaching method resulted in a large
amount of waste and it was useful only on a small scale.

This article presents the results of research concerning thermal
utilization of bone sludge. The goal of the research was investigation
of physicochemical properties of bone sludge waste from meat industry
and products of its thermal utilization containing hydroxyapatite.

EXPERIMENTAL PART
Research Results

In bone-pulp and bone sludge applied in the research (a mixture of
pork legs, pork bones and beef bones at weight ratio 1:1:1) moisture
content was determined with the help of a weight-dryer at 387K, as
well as phosphorus content on Marcel Media spectrophotometer
with a diffraction-photometric method according to [10], after former
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sample mineralization with sulphuric and nitric acids. Calcium
content was determined with the ASA method, with the apparatus
Analyst 300 Perkin Elmer after sample mineralization with nitric acid
[11]. Protein content was determined after mineralization with
concentrated sulphuric acid at 693 K.

Typical bone sludge varied in size from several to tens of cm and
it included [% weight]: ~55.0 Hy0; organic substances, in wet mass
~22.2, in dry mass ~37.0; fat 2.98, protein 14.29; P in wet
mass ~6.44, in dry mass ~10.73; Ca in wet mass ~17.55, in dry mass
~29.25. The composition of bone sludge obtained from different animal
waste products was also studied and the results are given in Table 1.

The composition of sludge from different kinds of bones is comparable,
which made it possible to mix the above-mentioned products in weight
ratio 1:1:1 into one product named medium bone sludge. The content of
phosphorus ranged from 14 to 16% (at the level of phosphorus content
in typical phosphorites used in phosphoric acid production) whereas
the content of calcium amounted to 23%. The contents of fat and protein
in bone sludge resulted from incomplete deproteinization and deffating of
bones in the process described above [16].

The heat of combustion of bone sludge was measured with
KL-12 Mn Precyzja-Bit calorimeter according to PN-81/G-04513 and
it amounted to 7900J/g, in comparison to coal heat of combustion
which was 20662 J/g [12].

The phase composition was determined with the X-Ray method on
Philips X'Pert diffractometer equipped with PW 1752/00 graphite
monochromator. The X-Ray analysis showed that the only crystalline
phase in bone sludge is hydroxyapatite (Fig. 1).

Bone sludge was calcined at temperatures ranging from 873K to
1223 K at every A =50K within 3 hours in a chamber kiln with
electric heating, in air atmosphere. In obtained ashes phosphorus
and calcium contents as well as phase composition were analysed with
the X-Ray method.

TABLE 1 Chemical Composition of Difference Bone Sludge [16]

Composition [% weight]

Kind of sludge Water Phosphorous Calcium Fast Protein
From beef bones 7.07 14.12 25.8 2.37 20.38
From pork bones 6.53 14.09 22.8 3.13 24.04
From pork legs 7.06 13.98 20.6 2.89 18.69

Medium bone sludge 7.00 14.08 38.39 2.98 14.29
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FIGURE 1 X-ray diagrams of bone sludge.

The X-ray diagram of bone ashes from deproteinized bone sludge
in the calcining process showed that hydroxyapatite was the
main component of the ashes (Fig. 2). The obtained product was a
homogeneous raw material as regards its chemical composition and
chemical properties, which facilitated its processing.

In bone ashes obtained by combustion of a bone sludge mixture at
1:1:1 ratio at the temperature of 873 K and 1223 K in air atmosphere
within 3 hours the following were determined:

e calcining at 873 K resulted in mass loss of 34%; phosphorus content
15.8%, and calcium content 38.9%,
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FIGURE 2 X-ray diagrams of bone ash, obtained by combustion of a sample
in a chamber kiln in air atmosphere at the temperature of 873 K.
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e calcining at 1223 K resulted in mass loss of 34%; phosphorus
content 16.5%, and calcium content 39.3%.

Morphology samples of ashes were investigated with the SEM-EDS
method. The SEM (scanning electron microscopy) research used
S-4700 Hitachi electron microscope equipped with an attachment for
the EDS X-Ray microanalysis [13,14]. The goal of these investigations
was to define an influence of calcining temperature of deproteinized
bone-waste on changes in the properties of ash surfaces. Ashes
obtained by combustion of bone sludge mixture (1:1:1) at temperatures
ranging from 873 K to 1223 K were compared.

Figures 3 and 4 show the distribution of chemical elements on
the ash surfaces. These images show very good homogeneity of
the analyzed ash surfaces. The distribution of sodium, magnesium,
aluminium, silicon, phosphorus and calcium in each case is almost
uniform [15].

Morphology of the analyzed ashes was investigated with the help of
a SEM S-4700 Hitachi scanning electron microscope. Figures 5 and 6

O — ¢ [sid

FIGURE 3 Ion images on ash surface obtained by combustion of bone sludge
within 3h in air atmosphere at 873 K.
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FIGURE 4 Ion images on ash surface obtained by combustion of bone sludge
within 3h in air atmosphere at 1173 K.

FIGURE 5 Images of ash surface obtained by combustion at the temperature
of 873 K.
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FIGURE 6 Images of ash surface obtained by combustion at the temperature
of 1173 K.

show microimages of ashes obtained by combustion at temperatures
ranging from 873K to 1173K in air atmosphere in a chamber kiln
within 3 hours, enlarged 1,800 times. The images present a lot of small
crystallites of a size estimated at 5—~10 um as well as bigger crystallites
of 25-30 um appearing occasionally. For ash obtained at the tempera-
ture of 1173K one may observe insignificant amounts of brighter
edges of crystallites, which can be a sign of slight melting of crystal-
lites caused by overheating of a sample.

Full scale counts: 28005 szlam N 600 C

FIGURE 7 Chemical composition analysis of ash obtained by combustion of
bone sludge at the temperature of 873K in air atmosphere within 3 hours.
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FIGURE 8 Chemical composition analysis of ash obtained by combustion of
bone sludge at the temperature of 1223 K in air atmosphere within 3 hours.

Figures 7 and 8 present the results of analysis of chemical compo-
sition of obtained ashes at 873K and 1223 K by the EDS method. In
both cases two highest peaks come from phosphorus and calcium,
main components of hydroxyapatite. Low peaks from sodium, alu-
minium and silicon mean that these chemical elements are impurities
in the tested samples [16].

CONCLUSIONS

The research on physicochemical properties of bone-waste from meat
industry showed that phosphorus content is around 14%, which is
the level of phosphorus content in typical phosphorites used for
phosphoric acid production; however, calcium content amounts to
23% on average.

The conducted research on bone-waste calcining in a laboratory
chamber kiln at the temperatures of 873-1223 K confirmed that ther-
mal utilization of deproteinized bone-waste was possible. The obtained
ashes contained mainly hydroxyapatite with low amounts of sodium,
aluminium and silicon.

The research on ashes morphology at different temperatures showed
that calcination temperature did not affect their properties in any sig-
nificant way. In all cases fine-crystalline products of a similar shape
and grain size were obtained. Only the ashes calcined at the tempera-
ture of 1223 K were characterised by slightly melted crystallites.

REFERENCES

[1] Steen, I. (1998). British sulphur publishing. Phosphorus and Potassium, 217, 25.
[2] Phosphates, European Chemical Industry Council and C.E.E.P., August 1997.



Downloaded by [University of Haifa Library] at 14:10 09 August 2012

290/[1332] Z. Kowalski et al.

[3] Dulley, B. (March 2001). Second International Conference on the Recovery of
Phosphorus from Sewage and Animal Wastes, 12—-13.

[4] Regulation (EC) No 1774/2002 of the European Parliament and of the Council of
3 October 2002 laying down health rules concerning animal by-products not
intended for human consumption, Official Journal of the European Communities,
No L 273, 10.10.2002.

[5] Chag, B., Lee, C., Hong, K., Youm, H., Ryun, S., & Park, K. (2000). Biomaterials, 21,
1291.

[6] Hench, L. L. (1991). J. Am. Ceram. Soc., 74(7), 1487.

[7] Kijkowska, R. (1999). P. J. Chem. Tech., 1, 19.

[8] Haberko, K., Buc¢ko, M., Haberko, M., Mozgawa, W., Pyda, A., & Zarebski, J. (2003).
Engineering of Biomaterials, 6, 32.

[9] Haberko, K., Bucko, M., Brzezinska, J., Haberko, M., Mozgawa, W., Pyda, A., Panz, T.,
& Zarebski, J. (2004). Materialy Ceramiczne, 3, 93.

[10] PN-88/C-87015.

[11] Minczewski, J. & Marzenko, Z. (1965). Chemia Analityczna, PWN: Warszawa,
Poland.

[12] Krupa-Zuczek, K., Wilkosz, A., & Wzorek, Z. Modern Polymeric Materials For
Environmental Applications, 1st International Seminar, Krakéw, 16—18 December
2004.

[13] Szynkowska, M. 1., Lesniewska, E., Rogowski, J., & Paryjczak, T. (2003). Przem.
Chem., 82/8-9, 794.

[14] Paryjczak, T. & Szynkowska, M. L. (2003). Przem. Chem., 82/3, 199.

[15] Kowalski, Z. & Kulczycka, J. The Conference on Industrial Pollution and Sustain-
able Development, University of Maribor Slovenia, 14—17 December 2005.

[16] Krupa-Zuczek, K. (2007). Receiving Phosphoric Acid from Bone Sludge from Meat
Industry, Doctor’s thesis, Cracow University of Technology.



