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ABSTRACT

The present study focuses on the use of hydroxyapatite from bovine bones to form a flat porous
ceramic support for low-cost ultrafiltration membranes. The chemical composition, structure and
particle size of the material and support were characterized by X-ray fluorescence (XRF), X-ray dif-
fraction (XRD), energy-dispersive X-ray spectroscopy (EDX), Fourier-transform infrared spectros-
copy (FTIR), thermogravimetry (TGA), differential scanning calorimetry (DSC), scanning electron
microscopy (SEM), and nitrogen adsorption/desorption isotherm (BET) techniques. Bovine bone
powder treated at high temperature was mixed with two organic additives and water allowing for
extrusion shaping. The membrane prepared with 92 wt.% bovine bone powder and 8 wt.% addi-
tives at the sintering temperature of 1,350°C has an average pore size of 20 nm, a high mechanical
strength (16.1 Mpa) and high chemical resistance (total weight loss of 1.86%). The ultrafiltration
membrane with a stable flux of 470.49 L h™' m~ bar was applied to treat a pharmaceutical industry
effluent resulting in removals of 73% of the chemical oxygen demand, 97% of turbidity, 48.15% of
conductivity, 42% of BOD, and more than 99.3% of iron and 75.6% of zinc. This study shows that
ultrafiltration membranes prepared from bovine bone are efficient for the treatment of industrial
wastewaters.

Keywords: Biomaterials; Bovine bones; Membrane; Ultrafiltration; Wastewater treatment; Heavy

metals; Hydroxyapatite

1. Introduction

In recent years, the use of membrane technology has
received considerable attention both by the research com-
munity and industry due to its great efficiency in many
separation processes together with its cost-effectiveness
and low energy consumption [1].

Membrane technologies are commonly used in vari-
ous sectors, including the chemical, food, and biotechnol-
ogy industries, and wastewater treatment [2]. Membranes
act as a physical barrier and so the size exclusion mecha-
nism is of paramount importance in the membrane sep-
aration process. Different types of porous and thin-film
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composite membranes can be used for water/wastewater
treatment. These include low pressure-driven membrane
processes (microfiltration (MF), ultrafiltration (UF), high
pressure-driven membrane processes (nanofiltration (NF)
and reverse osmosis (RO)), osmotic pressure-driven
membrane process (forward osmosis (FO)), and others
(electrodialysis (ED), etc. Microfiltration (MF), pore size
ranging from 0.1 to 10 microns, and ultrafiltration (UF),
ranging from 0.001 to 0.1 microns, membranes are used for
the elimination of suspended solids, colloids, bacteria, and
viruses [3]. In selecting a suitable membrane, parameters
such as the amount of wastewater, the targeted species and
the operating conditions need to be taken into account.
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Membranes made from ceramic and polymeric mate-
rials are commercialized worldwide, although the low
price of polymeric membranes makes them particularly
attractive for water treatment applications. However, poly-
meric membranes have the drawbacks of short lifetime,
easy fouling, and poor chemical and mechanical stability.
Given these problems, there is now heightened interest
in improving ceramic membranes [4], which can provide
high thermal and chemical stability, resistance to high pres-
sures, the ability to operate in harsh chemical conditions,
and catalytic properties resulting from their intrinsic nature
[5,6]. The cost of ceramic membranes has until now been
relatively high due to the limited choice of materials avail-
able and so an intense search is now underway for new less
costly alternatives from inorganic sources that are abun-
dant and do not require firing temperatures that are as high
as those needed for metal oxide materials [7-9]. Materials
tested include cheaper raw materials such as natural phos-
phate [10], natural clay [8,11-13], natural pozzolana [14],
animal bone [15], cordierite [16,17] and kaolin [18-20].
Recently, low-cost microporous ceramic membranes have
been successfully manufactured from clayey resources
blended using bio-based porosifying additives (i.e., wood-
working waste and rice husk) [21].

Waste animal bones have been widely explored as an
alternative source for preparing ceramic membranes given
that they consist of hydroxyapatite (HAp) [15]. Several
synthesizing routes have been introduced to produce HAp
from waste animal bones, such as precipitation [22], a hydro-
thermal process [23], and thermal treatment [24]. Of these
methods, thermal treatment is the most commonly used
to prepare HAP and has been applied in the production of
membranes [25].

The aim of the present study is to prepare low-cost
ceramic membranes based on bovine bone waste, which is
produced in large quantities in Tunisia as well as all over
the world in general. The powder is used in the manufac-
turing of a membrane support, allowing the removal of
contaminants from industrial pharmaceutical wastewater.
This work also aims to establish the analytical methods that
will be required to assess the safety of the final product. The
characteristics of the additives and their influence on the
formulation of a good support that is similar to synthetic
hydroxyapatite are investigated as are the microstructures,
porosity, shrinkage, mechanical strength and the chemical
stability of the final support.

2. Experimental
2.1. Materials and preparation

Fresh bones, which were provided by butcher shops in
the Sfax region in central Tunisia, were cut into small pieces
and cleaned well. The bones were then boiled in water for
30 min to disinfect them and eliminate fat, tissue and bone
marrow. After cooling, the bones were dried at 100°C. The
bones were then ground down with a ceramic mortar, passed
through a 125-mesh sieve and then calcined at 800°C for
2 h. Corn starch (RG 03408, Cerestar) was added to form
pores and methylcellulose (Dow Chemical Company) was
used as a plasticizer and binder.

2.2. Synthesis of the support

Fig. 1 illustrates the preparation of the membrane sup-
port using the sintering technique. Natural hydroxyapatite
powder was first dry mixed for 30 min before the addition
of the organic additives to avoid potential agglomerations
and obtain a homogeneous powder. The organic additives
methylcellulose and corn starch were used to improve the
rheological properties of the paste, so permitting shaping
by calendering.

The ceramic paste was prepared by adding 65-70 mL of
water for each 200 g of powder. The paste was then stored
in a closed box for 24 h in conditions of high humidity to
improve its rheological properties by avoiding premature
drying and ensuring complete diffusion of the water and
organic additives. The final samples were obtained by cal-
endering the paste, giving flat disk supports with a diam-
eter of 6 cm and a thickness of 5 mm. The dough of the
support was flattened between two rollers, using a Lloyd
Instruments machine (Ametek Inc.).

After drying at room temperature for 24 h, the sup-
ports were sintered in a furnace below its melting point,
at 1,350°C until the particles adhered to one other (Fig. 2).

2.3. Preparation of synthetic hydroxyapatite

The calcined bovine bone obtained was compared with
a synthetic hydroxyapatite prepared following a slightly
modified co-precipitation method [26]. This method con-
sisted in the stepwise addition, every 3 min, of 5 mL
of a solution A into a solution B over a period of 3 h at a
temperature between 80°C-100°C. Solution A was composed
of calcium nitrate tetrahydrate, Ca(NO,)4H,0:2.361 g
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Fig. 1. Schematic diagram for the preparation of natural HAp
derived from bovine bone.

1350°C

7o
C/lm‘,,

850°C

7¢
O"lin
FSE.S

350°C

0
o

C
<N

Firstdwell th  5€€"d  Second dwell th  Third  Third dwell 2h
mounted mounted

Fig. 2. Sintering programme of the extruded supports.
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dissolved in 333 mL of distilled water whereas solution B
consisted of ammonium phosphate, (NH,),HPO,0.79 g
dissolved in 842 mL of water. The alkaline medium was
maintained to a pH range between 9 and 10 by adding
5 mL of ammonia, NH,, every 30 min. After heating to
100°C, the resulting solution of the two mixtures is left at
reflux for 1 h and then filtered while hot through a Biichner
funnel before being washed with distilled water. Finally,
the precipitate is dried for 24 h in an oven at 140°C.

2.4. Preparation of the ultrafiltration layer

A slip casting method was made by combining 10 wt.%
of the same natural powder (<100 um), 60 wt.% water, and
30 wt.% polyvinyl alcohol (PVA). The flat support was coated
with a bovine bone powder suspension using a spin-coat-
ing method. The membrane was then dried at room tem-
perature overnight. Afterwards, the membrane was heated
at a temperature of 200°C for 2 h to completely eliminate
PVA before sintering at 1,350°C.

2.5. Characterization techniques

The phase and crystallinity information of samples was
obtained using an X-ray diffractometer (XRD, Bruker AXS,
Model D8 Avance) equipped with a secondary monochro-
mator (to suppress background fluorescence radiation
and Kp radiation) and a copper anticathode tube over the
Bragg angle ranging from 10° to 60°. The particle size was
analyzed using a LS 13 320 laser diffraction particle size
analyzer (Beckman Coulter). The measurements of the spe-
cific surface area and the average pore size distributions of
the membrane were obtained from a nitrogen adsorption/
desorption isotherm using a Micromeritics Tristar 3000
model. Pore diameters were estimated via the Barret-Joyner—
Halenda (BJH) model [27]. The ASTM C20-00 standard was
followed for the porosity tests of the support. Density was
determined using an Accupic 1330 helium pycnometer.
Thermogravimetric analysis (TGA) and differential scanning

Fig. 3. (a) Laboratory filtration set-up and (b) flat disk membrane.

calorimetry (DSC) (Mettler Toledo TGA/DSC 1) were per-
formed with 8.2587 mg of powder at a rate of 1°C/min, under
air. The spectroscopic characterizations of raw bovine bone
powder, calcined at 800°C, and synthetic HAP were inves-
tigated via Fourier transform infrared analysis (Varian FTS
1000 FT-IR, Mid-IR spectral range, cooled DTGS detector,
Scimitar series, Varian Inc.). The chemical compositions of
the raw bovine bone powder, synthetic hydroxyapatite and
calcined bovine bone powder at 800°C were determined by
X-ray fluorescence. The microstructures of the samples were
studied using a scanning electron microscope (Bruker Nano
XFlash Detector 5010 Energy Dispersive X-ray Microanalysis
(EDX) System). The mechanical strength (modulus of
rupture) was measured by a three-point bending flex-
ural test with an Instron 5500 R universal testing machine
with a 10-tonne capacity using Instron Blue Hill software.

2.6. Filtration tests and effluent characterization

Filtration tests were performed with a pharmaceutical
effluent collected from SIMED, a pharmaceutical laboratory
located in Sfax (Tunisia), using a laboratory-scale filtration
system (Fig. 3a). This system was made of stainless steel to
avoid corrosion problems and pressure was applied with
N, gas. The membrane was placed in a 6 cm-diameter flat
disk resulting in a filtration area of 0.0028 m? (Fig.3b). The
supports were first conditioned by immersing them in ultra-
pure water for 24 h. They were then placed in the membrane
housing and the system was filled with water from the top
setting the temperature at 25°C. The pure water permea-
bility of the support was calculated by filtrating distilled
water.

The physicochemical parameters and the metal ion
content of the raw wastewater was previously determined
in order to evaluate the performance of the membrane
in removing pollutants. The flux of the pharmaceutical
effluent through the membrane was measured at different
pressures (0.5, 1.0, 1.5, 2.0, 25 and 3.0 bar) and the
permeability was calculated from the flux of each pressure.
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The permeate was collected and characterized every 30 min
for 3 h at a constant transmembrane pressure of 3.0 bar.
The permeate physicochemical parameters included pH,
turbidity, chemical oxygen demand (COD), biochemical
oxygen demand for 5 d (BOD,), and conductivity.

Turbidity was measured by a turbidimeter (Hach
Ratio 2100A, USA) in accordance with standard method
2130B. Conductivity and pH measurements were per-
formed using a conductometer (Istek EC-400L, USA) and
a pH meter (Istek pH-220L, Japan), respectively. Chemical
oxygen demand (COD) and biochemical oxygen demand
for 5 d (BOD,) were estimated by the colorimetric method
(Fisher Bioblock Scientific reactor COD 10119, Japan)
and WTW OxiTop®-i IS 6 BOD Measurement System 6
Place, Germany), respectively. The metal ion content was
determined by inductively coupled plasma atomic emission
spectroscopy (ICP-AES) (Agilent 4200 MP-AES, USA).

3. Results and discussion

3.1. Analysis of the raw bovine bone material and synthetic hy-
droxyapatite (HAp)

Table 1 shows the chemical analysis report of the raw
bovine bone powder, calcined bovine bone powder at 800°C,
and synthetic hydroxyapatite. Calcium (Ca) and phos-
phorus (P) are seen to be present in high concentrations
along with small amounts of chloride. The composition of
bovine bone calcined at 800°C is found to be very similar to
synthetic hydroxyapatite.

The XRD pattern shows the main phase of apatite and
is indexed in the hexagonal system with a P63/m space-
group (Fig. 4). However, the starting particle size of the raw
materials in the ceramic process influences the sintering
temperature to be used to obtain the required pore size.

The calcination temperature and particle size of bovine
bone affect the composition, crystallinity, and crystallite size
of the extracted natural HAp. The crystallinity of the HAp
phase in bovine bone increases with increasing anneal-
ing temperature [28]. The crystallite size of bovine bone
calcined at 800°C was calculated by the Sherrer formula,
giving a crystallite size of 27.74 nm.

The granulometric analysis shows that the calcined
bovine bone powder has a particle size distribution between
1291 and 339.9 um and the d,, was 79.08 um (Fig. 5).
Moreover, the specific surface area was 2.6292 m?/g.

The DSC-TGA data of a synthetic hydroxyapatite sam-
ple and bovine bone powder are represented in Fig. 6. The
DSC results show an endothermic peak at 90°C followed by
a strong exothermic peak with a maximum peak at around
335°C and a shoulder at around 420°C for raw bovine bone

Table 1

and synthetic HAp. Therefore, the same loss at the same
temperature for the two samples were obtained from the
TGA analyses. Four successive stages of weight loss can be
observed in the TGA curves. The first loss below 200°C is
attributed to bone dehydration (surface water), the second,
between 200°C and 400°C, corresponds to a departure of
structural water, the third between 400°C and 600°C is due to
the combustion of the organic components of bone, and the
fourth and final loss appears above 600°C mainly as a result
of the release of CO, from the apatite network, which is due
to the decomposition of carbonates [15,29].

Fig. 7 illustrates the FTIR spectra of raw bovine bone
powder, calcined at 800°C and synthesized HAp samples.
The spectrum of uncalcined and calcined bovine bone at
800°C have different profiles due to changes during heat
treatment. The increase in the calcination temperature gener-
ates a product that is similar to the HAp structure, and which
is deprived of carbonate groups. Through visual observation,
the colour of the bone particles changes from yellowish-white
to white after calcination. This colour change involves the
breakdown of an organic substance (e.g., protein and colla-
gen) in the heated bone powder [26,30]. The FTIR band at
1,650 cm™, which corresponds to the amide I of the collagen
[23], is seen to be totally eliminated in the calcined samples.

C

e Lo b

21

b
112
2
00 300
222213
- mJﬂ I
[
“H.J\_N -
a

.

10 2o EYS) PY) s0 =

2 theta ()

Fig. 4. X-ray diffractograms of (a) the raw bovine bone,
(b) calcined bovine bone powder at 800°C, and (c) synthetic
hydroxyapatite.

Chemical composition (weight %) of the natural hydroxyapatite, raw and calcined, and synthetic hydroxyapatite

Material Bal. Zr Sr Zn SiO, Ca K P Si Cl S Mg
Raw bovine bone 64.6  0.0004 0.03 0.006 0.1 241 001 102 006 005 004 08
Calcined bovine bone 465 0.0003 0.003 0.001 00002 378 - 157 - 0.01 - -

Synthetic hydroxyapatite ~ 49.0  0.001 0.05 0.005  0.06 356 - 145 - 0.05 - 0.6

Balance: Difference to 100% of the sum of all measured elements.
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Fig. 5. Particle size distributions of calcined bovine bone powder.
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Fig. 6. Thermal analysis curves: DSC and TGA of (a) synthetic hydroxyapatite and (b) bovine bone powder.
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A strong and broad band that appears at 1,013; 1,022
and 1,087 cm™ in the calcined bone particles is associated
with the phosphate group as well as the peak at 962 cm™.
With increasing temperature the peak at 1,429 cm™ in the
spectrum of raw bovine bone powder, which is attributed
to the carbonate group, gradually decreases. The broad
band at 3,572 cm™ is associated with the hydroxyl group,
proving the presence of the hydroxyapatite phase [25,29].

Fig. 8 shows the SEM micrographs of the raw bovine
bone powder before and after calcination at 800°C and of
synthetic HAp powder. The particles of raw bovine bone
powder have irregular shapes, including small spheres and
rods, as do those of the calcined bone powder, in agreement
with a previous report [30] (Fig. 8a). The average particle
size of raw bovine bone is 304.285 um (Fig. 8b). Moreover,
calcinated bone powder presents more agglomerations due
to the van der Waals attraction between the HAp particles
during calcination [31]. Morphological variations were

Raw bovine bone powder

TRUdG 7.8 kV XS.@88K 6.8

Synthetic hydroxyapatite (HAp)

STRUMG 7.@ kV X5.@88K 6.@0mm

STRUAG 7.8 kV X18.0K

STRUdAG 7.8 kV

observed as the calcination temperature increased affecting
the grain size and the porosity of the bone powder (Fig. 8c).
While raw bovine bone particles present a highly dense
micro surface, calcined bone particles contain multiple
pores created by the decomposition of organic substances.
Additionally, higher calcination temperatures led to an
increase in the grain size associated with the heat energy
absorbed by the particles [30].

The morphology of synthetic HAp is similar to that
of the calcined bovine bone powder but its pore size is
smaller (Fig. 8d).

3.2. Characterization of the membrane supports
3.2.1. Scanning electron microscopy (SEM)

Fig. 9 illustrates the SEM images with the EDX spectrum
of the membrane support. The EDX spectrum shows that

<d>= 304.285
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Fig. 8. SEM micrographs for: (a) raw bovine bone powder without thermal treatment at 50,000x, (b) average particle size of
raw bovine bone, (c) bovine bone powder calcined at 800°C at 5,000x and 10,000x, and (d) synthetic hydroxyapatite (HAp) at

5,000x and 50x.
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Fig. 9. SEM images of the membrane support sintered at 1,350°C at (a) 100x, (b) 500x, (c) 1,000x, and (d) EDX spectrum.

the intensity of phosphorus and calcium signals are much
higher than other elements, such as oxygen, magnesium,
and sodium.

3.2.2. Pore size determination

The adsorption and desorption isotherms of N, at 77 K
(Fig. 10a) show a type IV isotherm according to IUPAC, indi-
cating the presence of mesoporous (diameter of 2-50 nm)
in the bovine bone membrane sintered at 1,350°C. The pore
size distribution of the ultrafiltration bovine bone mem-
brane was calculated by the Barrett, Joyner and Halenda
(BJH) adsorption model [27]. Fig. 10b represents the log

differential pore volume distribution curve (dV/d logD) vs the
pore diameter, where the largest peaks are between 11.5 and
32 nm. The mean pore diameter was 20 nm, confirming the
ultrafiltration domain of the membrane.

3.2.3. Mechanical resistance

The mechanical resistance of the supports was also
assessed and measured by the three-point mechanical test
(Lloyd Instrument) applied to sintered parallelepiped test
bars. Fig. 11 shows the evolution of the maximum fracture
stress, 0 (MPa), as a function of the sintering temperature
(900, 1,100 and 1,350°C). The increase of o with temperature
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Fig. 11. Linear shrinkage vs. sintering temperature at 900°C,
1,100°C and 1,350°C.

resulted in the membrane acquiring progressively greater
mechanical resistance.

The maximum rupture strength o, (MPa) was calculated
by following the elasticity theory [32]:

2P
°= LD @
where L (mm) and D (mm) are the sample length and diam-
eter, respectively. P__ (N) is the maximum applied load at
failure. Three samples of the material sintered at the same
temperature were tested and an average value was then
calculated.

The results in Table 2 show that the membrane support
sintered at 900°C exhibited the lowest mechanical strength
of 1.5 MPa. On the other hand, the membrane support sin-
tered at 1,100°C had a mechanical strength of 3.5 MPa. The
mechanical strength of the membrane support significantly
increased to 16.1 MPa when the sintering temperature
was further increased to 1,350°C.

Table 2
Mechanical strength at different temperatures (1 = 3)

900 1,100

35+0.25

1,350
16.1+2

Temperature (°C)

Mechanical strength (MPa) 1.5+0.15

3.2.4. Linear shrinkage

It is generally accepted that linear shrinkage is mainly
due to the burn out of the organic additives and the loss
of moisture [33]. Hence, the shrinkage behaviour of the
samples sintered at different temperatures was studied.

The linear shrinkage S (%) was calculated by measur-
ing the membrane diameter before and after sintering with
calliper’s (precision: 0.01 mm) and using Eq. (2):

S:Mxloo )
D

0

where D is the membrane diameter before sintering and
D is the membrane diameter after sintering.

In Fig. 11 an increase in the sintering temperature from
900 to 1,350°C leads to a linear increase from 3.33% to 8.33%,
in the shrinkage of the membrane. This linear relationship
could be explained by the weight losses recorded in the
TGA/DTA plots, which were assigned to dehydration of the
material, burn out of organic matter, and chemical reactions.

3.2.5. Determination of membrane support water permeability

Water permeability was measured using the labora-
tory scale filtration set-up (Fig. 3). The permeate flux (J )
was determined using Eq. (3):

Vv

:Axt ©)

]w

where t is the time needed to collect a fixed volume of per-
meate, V is the volume of permeate collected during time ¢,
and A is the effective area of the membrane. The permeability
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was calculated from the slope of the permeate flux vs. the
transmembrane pressure [Eq. (4)]:

J.=L xAP )

Firstly, the filtration performance of the membrane was
characterized by determining its pure water permeabil-
ity. The membrane support is conditioned by immersion in
ultrapure water for a minimum of 24 h before filtration tests.
Fig. 12 shows the linear increase in the permeate flux as the
transmembrane pressure increased, resulting in a perme-
ability of 470.49 L/h-m*bar.

3.2.6. Chemical resistance

The chemical resistance of the membrane support sin-
tered at 1,350°C to acidic and basic media was tested at
room temperature for 30 d. Fig. 13 shows the weight loss
variation as a function of time. The results show greater
chemical resistance to acidic conditions (total weight loss of
1.86%) than to basic media (total weight loss of 9.15%).

3.2.7. Ultrafiltration of pharmaceutical industrial waste

The performance of the bovine bone membrane in
the filtration of a pharmaceutical effluent was evaluated
at a TMP of 3 bar and at 25°C. The pollutant retention
R through the membrane was calculated using the Eq. (5):

R(%)= [1 —[Eij 100] ®)

1600

1 y=470.49x + 12.352
14004 R2-0.9998 /
1200 n

1000

800

J (LUh.m?)

600 —-
400 —-
200 —- /
0 | T T T T T T T T T T T T

0.0 0.5 1.0 15 2.0 25 3.0
Pressure (bar)

Fig. 12. Effect of pressure variation on permeate fluxes.

Table 3

where C, and C, represent the concentrations of pollutants
in the efffluent and the permeate, respectively.

The variation in the pollutant concentrations was
assessed by measuring the main physicochemical param-
eters of wastewater (Table 3). A quantitative retention of
97% was obtained for turbidity whereas COD retention
was 73%. Conductivity and BOD, decreased by around
48.15% and 42%, respectively, and the iron and zinc con-

tents decreased by 99.3% and 75.6%, respectively. In Fig. 14

10
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Fig. 13. Weight loss of biomaterial support sintered at 1,350°C in
acidic and basic media as a function of time.

s

Fig. 14. Picture of the pharmaceutical wastewater before and
after filtration (P = 3 bar).

Composition of the raw and treated effluents using bovine bone membrane

pH Conductivity ~ Turbidity = COD BOD, Metal ions (mg/L)
(mS/em) (NTU)  (mg/) (mg/L)
Raw effluent 723 215 176 585 70 Fe 1.4; Zn 0.164; Cd, Cu <0.01
Filtrated with hydroxyapatite bone Fe 0.01; Zn 0.04
7.7 0.54 4.30 156.46 40
membrane (T° = 25°C, P = 3bar)
Retention rate (%) - 48.15 97 73 42 Fe 99.3%; Zn 75.6%
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the permeate looks transparent and clean in comparison to
the effluent. These results suggest that this kind of mem-
brane may be efficient in the treatment of a broad range of
wastewaters.

In this study we have shown that the bio-ceramic ultra-
filtration membrane that we have prepared here is effec-
tive in reducing the general physicochemical parameters
of wastewater and removing metal ions such as iron and
zinc that were present at low concentrations.

Several studies in the literature have reported the
sorptive properties of hydroxyapatite and hydroxyap-
atite-based materials in the removal of heavy metals,
including Pb, Cu, Zn, Sr, and Fe [25,34]. A hydroxyapa-
tite-based bio-ceramic hollow-fibre membrane was also
found to eliminate metal ions at low concentrations
from textile industry effluents, showing the possibility
of combining the filtration capacity of the bio-membrane
with the ion-exchange properties of HAp to enhance the
potential of these membranes [25].

4. Conclusions

In this study, a hydroxyapatite bio-ceramic membrane
has been successfully developed for the filtration of waste-
water. Bio-hydroxyapatite powder was obtained from raw
bovine bones by a thermal method. The bio-ceramic mem-
brane prepared with 92 wt.% bovine bone powder and
8 wt.% additives at the sintering temperature of 1,350°C has
an average pore size of 20 nm, a high mechanical strength
(16.1 Mpa) and high chemical resistance. The chemical com-
position, structure and particle size of the bio-hydroxyap-
atite powder and of the flat membrane were characterized
by different techniques. The bio-ceramic ultrafiltration
membrane showed its potential to treat wastewater with a
stable flux of 470.49 L-h-m*bar and excellent performance
in removing both contaminants (COD = 73%, BOD, = 42%,
turbidity = 97%, conductivity = 48.15%) and heavy metals
(Fe=99.3%, Zn="75.6%). The development of hydroxyapatite-
based bio-ceramic membranes is a cost-effective alternative
to commercial ceramic membranes, allowing the valori-
zation of waste animal bones. In addition to the sieving
mechanism, which is related to the pore size of the mem-
brane, the sorptive properties of bio-hydroxyapatite
towards metal ions and other pollutants will contribute
to improving the separation performance of bio-ceramic
membranes. Further investigations into the hydroxyapatite-
based membrane adsorption mechanism and membrane
stability are required for future development of bio-ceramic
membranes.
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