
1. INTRODUCTION
Meat industry generates large quantities of waste
products. 18 million tones of waste per year are pro-
duced in EU countries [1-2]. Due to bacteriological
hazard and difficulties with storage, utilization process
of meat waste has become troublesome.
The meat industry produces large quantities of MBM
[3]. As a result of increase amount of BSE European

Parliament and Council of Europe introduce Decree
No. 1774/2002 of 3 October 2002. On the basis of this
decree the methods of dealing with certain waste
depending on its category have been worked out. The
classification of the material into a suitable category
depends on defining its origin by this product and the
only method of their utilization is calcining process at
higher temperature [4-5].
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A b s t r a c t
A solution to the problem of depletion of phosphorus raw material deposits could be recovering of phosphorus from indus-
trial waste especially from meat industry. Thermal processing at a temperature not lower than 850°C for minimum 2s is the
only acceptable method enabling to neutralize this waste. The paper presents production technology of meat-bone meal
(MBM) and its physicochemical properties. MBM samples were calcined in a stationary chamber kiln in air atmosphere at
temperatures of 600-950°C (Δ=50°C) for 3 hours. The results obtained indicated that the phosphorus content in ashes after
MBM calcining was close to or higher than the concentration of that element in a typical phosphoric raw material. It con-
firmed the possibility of utilization of meat waste as a substitute for phosphoric raw materials.

S t r e s z c z e n i e
Rozwiązaniem braku surowców fosforonośnych okazało się pozyskiwanie fosforu z odpadów kostnych z przemysłu mięsnego.
Proces termicznej utylizacji tych odpadów w temperaturze wyższej niż 850°C przez minimum 2s pozwoli nie tylko na utyli-
zacje materiału a także pozyska nowy surowiec fosforonośny. W pracy przedstawiono proces produkcyjny maczki mięsno-
kostnej (MMK) oraz jej własności fizykochemiczne. Próbki mączki mięsno-kostnej kalcynowano w piecu stacjonarnym
atmosferze powietrza w przedziale temperatur 600-950°C (Δ=50°C) przez 3 godziny. Badania pokazały, że zawartość fosforu
w popiołach z kalcynacji MMK jest na takim samym lub nieznacznie wyższym poziomie jak zawartość tego pierwiastka
w typowych surowcach fosforowych. Możliwa jest zatem termiczna utylizacja odpadów z przemysłu mięsnego w celu pozyska-
nia substytutu surowców fosforonośnych.
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Due to changing regulations for the use of meat (and
bone) meal, its application as a fuel for energy gener-
ation has gained enormous interest [6]. As MBM
combustion residues mainly arise from bone combus-
tion, they contain a high amount of phosphate and
calcium, two major constituents of bone [3].
In view of rock phosphates gradual depletion, and in
an increased phosphorus demand, new alternate
sources have to be considered [1]. One of the possi-
ble phosphorus sources are wastes derived from meat
industry and chicken-farming. Investigations on
phosphorus recovery from municipal sludge have
been also carried out for many years [6-8]. That sort
of activity, consisting in wider application of waste
recycling as a substitute for natural sources, and also
for energy recovery, is associated with an introduc-
tion of cleaner technologies into practice as a basic
element for the sustainable development strategy [8-
11]. The cost of this recycled material is lower than
that of a conventional rock phosphate, and the appli-
cation of meat-bone meal is economically well-found-
ed [12-13].
The new valorisation routs of MBM ash are devel-
oped and they include such as: phosphoric acid pro-
duction, phosphate source for industry, agricultural
soil enrichment, heavy metals immobilization in soil
or water, etc. as developed for other phosphate rich
materials (rocks, hydroxyapatites, bone char, etc.)
[14-15]. We report here a study on the physical and
chemical characterization of meat and bone meal
combustion residues. In this work we investigate the
possibilities of MBM combustion residues applica-
tion as a substitute of natural raw material, such as
apatites and phosphate rock.

2. EXPERIMENTAL PART
Meat-bone meal production: meat bone meal is
obtained from non-edible animal by-products of low
biological risk (the 3rd category of waste according to
[10]), such as skins, hairs, feathers, horns, hooves,
blood and returned from market (not sold) meat
products. Proportions of the individual components
are variable. Mixtures prepared contain around 40%
of moisture. One ton of the manufactured by-product
yields about 400 kg of MBM and 200 kg of fat [16]. At
the beginning of the process metallic impurities are
removed from the raw material, and its size reduction
by means of crushing and mixing is carried out. Next,
the material is sterilized for 30 minutes, at a temper-
ature of 133°C under the pressure of 0.3MPa. The
sterilized material is put into a drier where moisture

is vaporized and a part of fat is separated. After pre-
liminary filtering, the fat is placed in a buffer con-
tainer. Next, the rest of fat is eliminated from the
dried and partially defatted material using a filter-
press (pressure 1MPa, temperature 90-100°C).
During this process, a solid fraction meat-bone meal
is obtained. The product is milled and screened. The
above process conditions fulfilled the requirements
set by the European Union. The meat bone meal was
received from “Farmutil HS” which is one of the
largest utilization plant in Poland.
The calcination was realized in chamber kiln with
electric healing in air atmosphere at the range of
temperature 600-950°C (Δ= 50°C) in 3 hours.

3. METHODS
The content of moisture was determined at a tem-
perature of 105°C with the use of WPS210S weight-
dryer.
The phosphorus content was determined by the spec-
trophotometric method with a Marcel Media UV-
VIS spectrophotometer after former mineralization
in a mixture of concentrated hydrochloric and nitric
acids. The marking method consists in forming a
yellow-tainted phosphorus-vanadium-molybdenum
complex and absorbance photometric measurement
at a wavelength of 430 nm.
Calcium was determined with the titration method
(sodium versenate) taking into account the mixed
indicator – calcein and thymolphthalein after dissolv-
ing the sample in nitric [12].
The heat of combustion of MBM was measured in
oxygen atmosphere with KL-12 Mn Precyzja-Bit
calorimeter.
Phase composition was analysed by the X-Ray dif-
fraction method carried out with the use of Philips
X’Pert diffractometer (Cu Kα 1.54 nm, Ni filter,
40 kV, 30 mA) with graphite monochromator.
Thermal analysis of MBM was carried out at temper-
atures of 20-1000°C with 2960 Simultaneous DTA-
DTG TA Instruments.
Effect of calcining temperature on the microstruc-
ture of samples was examined using an S-4700
Hitachi scanning electron microscope.

4. RESULTS AND DISCUSSION
The content of moisture, phosphorus and calcium,
heat of combustion and phase composition of MBM
were determined. The resulting average numbers,
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presented below, are the mean of the three measure-
ments. The samples contained [%w/w]: moisture –
2.43, phosphorus – 5.8, calcium – 7.7.
The heat of combustion of meat bone meal amount-
ed to 18.500 kJ/kg.

Thermal analysis of MBM (Figure 1.) proved that
meat-bone meal was decomposing in three stages. Up
to 550°C the whole organic substance was removed.
The loss of weight at 750°C resulted from the decom-
position of carbonate groups present in natural bone.
Meat-bone meal was calcined in a chamber kiln for 3
hours within the temperature range of 600°C to
950°C (Δ=50°C). The loss of weight in the material
calcined at 600°C amounted to 70%. The samples
after calcination at 750°C contained [%]: phosphorus
– 17.9, calcium – 33.3.
For the ashes obtained at 950°C the loss of weight
amounted to 77%. The samples contained [%]: phos-
phorus – 17.0, calcium – 36.1. The content of phos-
phorus in ashes was at a concentration level compa-
rable to that element in typical phosphoric raw mate-
rials (13.2-17.2%) [2].
The X-Ray analysis showed that the main crystalline
phase in ashes obtained from MBM was hydroxyap-
atite (Figure 2). In contrast to MBM, in ashes
obtained from bone sludge (deproteinized and defat-
ted pork bones) hydroxyapatite is only crystalline
phase indicated by XRD [17].
Figures 3 and 4 show surface of hydroxyapatite
observed under a scanning electron microscope.
Pictures obtained with different enlargement had sim-
ilar properties. Particles with a diameter of approxi-
mately 60-90 µm were observed in a few cases.

Figure 1.
Meat-bone meal DTA and TG curves

Figure 2.
X-ray diagram of meat-bone meal ash obtained at a temper-
ature of 600°C

Figure 3.
Image of surface of MBM ash after calcining at 600°C

Figure 4.
Image of surface of MBM ash after calcining at 950°C
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5. CONCLUSIONS
1. Research results on physicochemical properties

showed that meat-bone meal contained on average
[%w/w]: H2O – 2.43; P – 5.8; Ca – 7.7. The heat of
combustion was 18.500 kJ/kg. The main crystalline
component of MBM was hydroxyapatite.
Decomposition of MBM was carried out at tem-
peratures increasing up to 550°C. The loss of
weight related to organic compound combustion
amounted to ~76%.

2. The analyses of physicochemical properties of
meat-bone ashes showed that phosphorus content
was in the range of 15-17%; that was comparable
with the level of phosphorus content in typical
rock-phosphate.

3. The temperature range of 600-950°C (Δ=50°C) in
a chamber furnace is effective for MBM calcining.
Investigation showed that temperature had no
influence on the morphology of the obtained
ashes. In each case a fine-crystalline product was
obtained.

4. In conclusion, the results obtained confirmed the
possibility of application of meat-bone ashes as an
alternative, high quality phosphoric raw material
for phosphoric compound production.
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