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IR and thermal studies of iron oxide nanoparticles in a

bioceramic matrix
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Magnetic iron oxide nanopatrticles have a great potential in various applications in biomedical research and technology. Iron
oxide particles such as magnetite (FesO4) is by far the most commonly employed magnetic materials for biomedical
applications. Bioceramic composites were obtained by combining the magnetite with two biocompatible components
(hydroxyapatite and bioglass). Their thermal behaviour has been studied by thermal analysis (DTA and TG). The interaction
of iron oxide with the bioceramic matrix has been investigated using IR spectroscopy.
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1. Introduction

The magnetic bioceramics are being studied for their
current and future applications in medicine and biology
including the treatment of the bone cancer [1], magnetic
resonance imaging contrast enchancement [2-5], magnetic
transport of anti cancer drugs [6-9], hyperthermia [10-12].
Even though the classic method involves magnetite, late
scientific references emphasize superior results by using
maghemite (y — Fe,O;) or nanometric magnetite, which
show  remarkable new  phenomena such as
superparamagnetism [13]. The properties of magnetic
bioceramics depend on the particles size, the particles-
bioceramic matrix interactions and the degree of
dispersion of the nanoparticles in the matrix [14-16].

The aim of this paper was the synthesis of bioceramic
composites with ferromagnetic properties using an
unconventional method, as well as their characterization
using X-ray diffraction, Scanning Electron Microscopy
(SEM), IR spectrometry, DTA (diferential thermal
analysis) and TG (thermal gravimetry) analysis.

2. Experimental
Sample preparation

In order to obtain a ceramic biocomposite with
possible applications in the bone cancer treatment, the
excellent biocompatibility properties of two materials
(hydroxyapatite (HAp) and a bioglass (BG) with the
composition 23.5%Ca0, 47% SiO,, 23.5% Na,O and 6%
P,0O5) and the magnetic properties of magnetite, were
considered. Three different compositions were chosen as
presented in the Table 1. The raw materials used for the
bioglass synthesis (CaCO;, SiO,, Na,CO;:10H,0,
NH,),HPO, were milled for 1h at 180 rot / min, melted at
1400°C and then cooled fast in the water. The as obtained

glass was milled for 5 hours at 180 rot / min, in the
presence of ethanol. The resulting powder had a specific
surface area of 3.87 m%cm® and the average diameter of
the grains was 2.728 pum.

Table 1. The composition of the three ceramic biocomposite

samples.
Sample HAp Bioglass Fe;04
(weight (weight (weight
%) %) %)
M1 32.5 32.5 35
M2 65 0 35
The hydroxyapatite, bioglass and commercial

magnetite powders were milled for 1h at 180 rot / min. in a
dried environment and then DTA / TG and IR studies were
performed on the powders.

Sample characterization

The samples were characterized by X-ray diffraction
(XRD) with a Philips PWI1050 X-ray powder
diffractometer using CuK, incident radiation. An
estimation of crystallite sizes was made from the
diffraction line width and using the Scherrer formula. The
structure and morphology of the powder samples have
been studied using a HITACHI S2600N type Scanning
Electron Microscope (SEM) coupled with an EDAX
(Energy Dispersive X-Ray Analysis) device, operating at
25kV in vacuum.

The IR absorption spectra were performed in the 1800
to 400 cm™ range using a BX FT-IR spectrophotometer.
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The measurements were carried on dehydrated powdered
samples embedded in KBr pellets. Differential Thermal
Analysis (DTA) and Thermal Gravimetric (TG) analysis
were performed using a Shimadzu DTG-TA-50 and DTA
50 analyser, in the 25 — 1000 °C temperature range, weight
detection £20- + 200 mg, in open air and using Al,O; as
reference.
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3. Results and discussions

Fig. 1 shows the X-ray diffraction (XRD) patterns
(Fig. 1a) and SEM image showing the morphology of
commercial magnetite powder (Fig. 1b).

The X ray diffraction (XRD) patterns shows peaks
corresponding to a cubic spinel structure. The analysis of
the crystallite size (D) of the maghemite and bioceramics
phases has been dined for all samples using the Scherrer’s
equation [17]:
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Fig. 1. X-Ray diffraction pattern of commercial Fe;O, (left side) and SEM image of commercial magnetite powder (right side).

The SEM image of the commercial magnetite powder
exhibit particles that have the sizes in the 0.8 to 2 um
range which are in a good agreement with the particles
sizes calculated using the XRD patterns <D>=1 pm.

The XRD patterns of the commercial HAp and
commercial HAp with commercial Fe;0, addition (M1)
and HAp with bioglass and magnetite addition (M2) are
shown in Fig. 2. Fig. 2 shows the peaks corresponding to
crystalline hydroxyapatite and to a cubic spinel structure.
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Fig. 2. X-Ray diffraction pattern of commercial HAp and
samples M1 and M2.

Thermal analyses of commercial magnetite carried out
using simultaneous TG and DTA measurements are shown

in Fig. 3. DTA curve analysis showed that water was
removed below 200 °C (DTA endothermic peak). The
conversion of magnetite (Fe;0,) into maghemite (y-Fe,03)
take place around 330 °C (DTA exothermic peak). The
gradual decrease in weight from 400 °C to 1000 °C is
probably a result of the show elimination of the carbonate
groups linked to HAp, the presence of which has been
confirmed by FTIR analysis discussed later [20]. The
differences in weight loss of sample M1 and sample M2
shows that the weight loss is determinate by bioglass
addition.

TGA OTA

fozoo | Q4472 C

- 100.00
om0

2480 C
4 &0.00
100,00

249.00

—— —— —— i Vol
oo 200.00 400 .00 GO0.00 800.00 1000.00
Temp (4]

Fig. 3. The DTA/TGA evolution curves for the commercial
magnetite powder.
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Fig. 4. The DTA/TGA evolution curves for M1(left) and M2(right) samples.

Fig. 4 shows the DTA/TGA measurements performed
on the M1 (a) and M2 (b) samples. The weight loss
between 100 °C and 450 °C contributes to the loss of
lattice water [18-19]. The study results emphasize the
Fe;04 — y—Fe,0; transformation in the temperature range
300-400 °C. The temperature of this transformation
depends on the sample composition — the weight increase
due to this change is smaller for M2 and higher for M1.
The hydroxyapatite content has also an influence on this
transformation, diminishing the amount of transformed
magnetite.

In the Fig. 5 the IR absorption spectra of the raw
materials (Fe;O,, HAp and BG) and the two prepared
samples (M1 and M2), are shown. Since magnetite has an
inverse spinel type structure, it shows characteristic
vibration bands: Mr,-O-Mgy, (vi= 600-550 cm'l), Moyp-O
(V2= 470 cm™) and Mp,-Mg, (v3~ 350-400 cm™), where
My, and Mg, correspond to the metal occupying
tetrahedral and octahedral positions respectively [21-22].
The stretching vibration v (Fe-O) correspond of tetrahedral
iron atoms. The band at 3500 cm™ and the bands at
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1640 cm™ is due to the vibrations of hydrogen-bonded
water molecules adsorbed on the surface [23].

Prominent HAp bands include the v4 O-P-O bending
bands at 565 cm™ and the OH librational band at 630 cm™
[24]. Bending bands of HAp at 600 cm™ and 594 cm’
which are attributed to the PO,” ions (v4) merge to form a
strong band at 597 cm™ which disappears with bioglass
adition. The next most prominent HAp band is the 1040
em™ (v3) band which is attributed to the PO,” ions [25]
and decreases with the addition of bioglass. For PO>
group the characteristic vibration are v, vibration
(asymmetric bending) at 600 cm™, v, vibration (symmetric
stretching) at 962 cm”, and a set of peaks in the
1000-1200 cm™ region assigned to the v; vibrations mode
(asymmetric stretching). For COs™ groups, two bands at
1415 and 1467 cm™ of the v; vibrations mode (asymmetric
stretching) and a small peak at 875 cm™ corresponding to
v, vibration (asymmetric stretching) have been observed.
The presence of the peaks in the commercial sample
indicates carbon as in impurity introduced during
preparation process.

T % (a.u.)

M1

M2

4000 3500 3000 2500 2000 1500 1000 500
v(crn'1)

Fig. 5. FTIR spectra of the raw materials (Fes04 HAp and BG) and of the samples M1 and M2.
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For the BS and M1 samples the 685 cm™ band was
observed and identified in a—quartz [26]. The 800 cm™
band has been associated with O-Si-O bending in colloidal
silica [27], while the 870 cm™ band was identified as v; Si-
O stretching band in silicates [28]. For all samples the
broad bands attributed to absorbed water were also
observed at 3440 cm™ and 1620 cm™. The absorbed water
band exists up to 300 °C, which indicate that the continued
weight loss observed in the thermal analysis is due to
lattice-absorbed water.

4. Conclusions

Bioceramic composites were obtained by combining
the magnetite with two biocompatible components
(hydroxyapatite and bioglass). The experimental results
emphasized that the grain size of the powder and the type
of the biocomponent (hydroxyapatite or bioglass) have a
great influence on the ability of magnetite to transform
into maghemite and haematite.
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