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In the present research work metal-doped metal oxide nanoparticles like iron doped nanoparticles (FeTiO2 NPs) and a nickel ferrite nanoparticle (NiFe2O4 NPs) were synthesized using precipitation method.
The NPs were characterized by X-ray powder diffraction (XRD), Fourier-transform infrared
spectroscopy (FTIR), field emission scanning electron microscopy (FESEM), and high-resolution
transmission electron microscopy (HRTEM). The aim of this study is to investigate the nanoparticle
thermal properties on the thermal gravimetric analysis and Cone-calorimetric analysis. The TGA results
of NPs could enhance the thermal stability of the composite at 1200 ᵒC by forming high residual char.
The cone calorimeter data clearly showed that good results of heat Release rate (PHRR) and total heat
Release (THR) values. The all of the obtained results conclude that metal doped metal oxide NPs were
good thermal resistance inorganic fillers.
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1. Introduction
Nowadays Nanotechnology is very impartment subject of research
involving physics, chemistry and biotechnology. Nanoparticles were
playing a key role in developing new pharmaceutical drugs and their smart
delivery in selected tissue and organism [1, 2]. The widespread use of
nanoparticles raised the eyebrows of the many scientists to utilize their
versatile applications within the fields of aeronautics, agriculture and
health sciences [3]. The advantage of nanoparticles over different material
is their measurement and higher availability of surface area and lighter in
weight. Engineered nanoparticles are widely used in many fields due to
their widespread applications and are expected to be released in the
environment [4, 5].
Nanoparticles these days have been used to prepare the
nanocomposites for the improvement in fire retardant properties. The
major concern of these substances is dispersion. The surface modification
is essential for nanoparticles to achieve better compatible and
homogeneous dispersion [6]. Dynamic mechanical thermal analysis
(DMTA) was frequently used in nanocomposites characterization since it
allows the measurement of stiffness and energy losses as a function of
temperature [7-9]. DMTA data are strongly affected by the degree and the
scale of dispersion of nanofillers. Thermal mechanical analysis (TMA) was
mainly used to measure the coefficient of thermal expansion (CTE) of
nanocomposite materials in comparison with those of the matrix [10].
Thermogravimetric analysis (TGA) has been used to analyze the effect of
the introduction of nanofillers into a polymer matrix on the thermal
stability of the polymer [11, 12].
2. Experimental Methods
2.1 Chemicals and Reagents
Titanium tetrachloride and Iron nitrate were obtained from Sigma
Aldrich. Ferric chloride, nickel chloride AR Grade, sodium hydroxide AR
grade, and hydrochloric acid AR grade were obtained from the Merck India
limited. Distilled water was purified by using the Milli-Q Plus apparatus
(Millipore, Bedford, MA, USA).

2.2 Preparation of Fe-TiO2 Nanoparticles
The TiO2 nanoparticles were prepared by the dropwise addition of 5 mL
of TiCl4 (Sigma Aldrich ) in 100 mL distilled water containing 0.2 M HCl
(AR Grade Purity- 36.6 ) at 5±0.5 °C and ultrasonicated for 1 hour at 82 °C
and kept for 18 hours at 82 °C in a thermostat controlled oven (TiCl4 +
2H2O → TiO2 + 4HCl). The obtained white precipitate was washed with
distilled water ten times by using a refrigerated centrifuge and finally
washed with methanol. The methanol was then decanted and the
precipitate (TiO2 nanoparticles) was dried at 120 °C for 4 hours [12]. A 100
mL boiling solution of Iron nitrate (Sigma Aldrich) was added dropwise to
the boiling distilled water containing 2 g of TiO2 nanoparticles. The
solution was sonicated at 100 °C about 30 min, according to the following
chemical equation,
TiO2 (aqua) + Fe(NO3)3.9H2O(aqua) → Fe–TiO2
The obtained brown color Fe-TiO2 nanoparticles were washed with
distilled water six times by using a refrigerated centrifuge and finally
washed with methanol. The Fe-TiO2 nanoparticles dried at 120 °C for 4
hours after decanted the methanol.
2.3 Preparation of Nickel Ferrite (NiFe2O4) Nanoparticles
NiFe2O4 nanoparticles were prepared by co-precipitation method. 50
mL of 0.2 M ferric chloride solution was taken into 250 mL glass beaker,
and then 0.1 M nickel chloride solution was added into the same beaker.
This mixture was stirred at room temperature for 2 hours to form a
homogeneous solution. The pH of the solution was constantly observed as
the 3 M sodium hydroxide solution was added dropwise. The reactants
were consistently stirred using a magnetic stirrer until a pH level of ˃12.5
was achieved. A specified amount of oleic acid was added to the solution
as the surfactant. The liquid precipitate was then brought to a reaction
temperature of 80 °C and stirred for 1 hour. The product was cooled to
room temperature and then washed twice with deionized water and
ethanol to eliminate unwanted impurities and the residual surfactant from
the prepared sample. Finally, the sample was centrifuged and then dried
at 80 °C. The acquired substance was then ground into a fine powder.
2.4 Characterization of Fe-TiO2 Nanoparticles
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The room temperature XRD profile of the synthesized Fe-TiO2
nanoparticles was obtained to the crystal structure and phase purity of the
sample the crystallite size was calculated from the XRD spectrum using
"Debye Scherrer" equation. The transform infrared (FT-IR) spectrum is
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recorded on JASCO, FT/IR-6300 FT-IR spectrometer in KBr pellets. The
characterization of Fe-TiO2 nanoparticles by FESEM (TESCAN, CZ/MIRA I
LMH) showed the development of iron on the titanium matrix. The size of
the particle was observed to be 10-15 nm by HRTEM (FEI, TECNAI G2
TF20-ST).
2.5 Characterization of NiFe2O4 Nanoparticles
The room temperature XRD profile of the synthesized NiFe2O4
nanoparticles was obtained to the crystal structure and phase purity of the
sample the crystallite size was calculated from the XRD spectrum using
"Debye Scherrer" equation. The transform infrared (FT-IR) spectrum is
recorded on JASCO, FT/IR-6300 FT-IR spectrometer in KBr pellets. The
characterization of NiFe2O4 nanoparticles by FESEM (TESCAN, CZ/MIRA I
LMH) showed the development of Nickel on the iron matrix. The size of the
particle was observed to be 6-7 nm by HRTEM (FEI, TECNAI G2 TF20-ST).

Fig. 3 The HRTEM image of Fe-TiO2 nanoparticles

2.6 Thermal Gravimetric Analysis Test
Thermal stability of all coating formulations was performed using SDT
Q600 V20.9 Build-20 instrument with 30 ᵒC/min of the heating rate at a
temperature range of 30-1200 ᵒC under nitrogen atmosphere at the flow
rate of 20 mL/min. For this analysis purpose, each sample weight was
taken about 10 mg.
2.7 Combustion Test
The combustion parameters of all samples were performed on cone
calorimeter in accordance with ISO 5660-2002 standard method by
exposing 50 kW/m-2 of external heat flux. For this analysis purpose, each
sample weight was taken about 5 mg.
3. Results and Discussion
3.1 Description of Fe-TiO2 Nanoparticles
The XRD of the Fe-TiO2 was investigating its crystalline phase by
scanning from 3° to 50°. Fig. 1 indicates (peak at 27° or 31°) that it is rutile
phase due to three (rutile, anatase and brookite) naturally occurring
phases of titania. The calculated average crystallite size, D is 10.15 ± 0.5
nm. Using Scherer’s equation. The FESEM image of Fe-TiO2 nanoparticles
presented in Fig. 2 and the average size of the particle were observed to
be 40-50 nm by TEM (Fig. 3). The Fourier transform Infrared Spectroscopy
was showed a broad peak can be seen at 3427 cm-1, assigned to stretching
vibration mode of the OH groups within the TiO2. The stretching vibrations
of the O-H groups were also observed at 1637 cm-1. The peak at 2285 cm−1
indicated for molecular water, Ti-O-Fe stretching vibration band The
bands near 498cm-1 was assigned to bending vibration of Ti–O bond. The
FTIR spectra presented in Fig. 4.

Fig. 4 FT-IR Spectra of Fe-TiO2 nanoparticles

3.2 XRD Study for NiFe2O4 Nanoparticles
The powder X-ray pattern recorded for the sample of NiFe2O4 is shown
in Fig. 5. It is consistent with the standard pattern cubic spinel structure of
bulk NiFe2O4 JCPDS (Card No. 10-0325). The lattice parameter of NiFe2O4
is a = 8.339 Å, which is close to the one reported in the previous literature
[29]. Extra reflections are not detected in the X-ray diffraction pattern. The
calculated average crystallite size, D is 7.3 ± 1.2 nm using Scherer’s
equation.

Fig. 5 XRD pattern of NiFe2O4 nanoparticles

3.3 FT-IR Study for NiFe2O4 Nanoparticles

Fig. 1 XRD pattern of Fe-TiO2 nanoparticles

The FTIR spectrum was observed the frequency range of 4000-500 cm1 as shown in Fig. 6. The band located at 3403 cm-1 could is attributed to
the symmetric vibration of –OH groups. The two main metal–oxygen
bands at 673 cm-1 and 554 cm-1 are observed in the FT-IR spectrum of the
synthesized NiFe2O4 samples. These two bands are usually assigned to
vibration of ions in the crystal lattices. At 1362 cm-1 there is a significant
change in the irrelevant peak of – CH bending band. The 1317 cm-1 peak is
attributed to the characteristic –CH3 bending.

Fig. 6 FTIR spectra of NiFe2O4 NPs

3.4 FESEM Analysis of NiFe2O4 Nanoparticles
Fig. 2 FESEM Image of Fe-TiO2 nanoparticles

FESEM of NiFe2O4composite is shown in Fig. 7. These results show the
development of Ni on iron oxide matrix. SEM micrograph depicts that the
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samples contain a micrometrical aggregation of tiny particles. The
existence of high dense agglomeration indicates that pore-free crystallites
are present on the surface. The FESEM images show the agglomerated
form of NiFe2O4 nanoparticles. As the nanoparticles possess high surface
energies, they tend to agglomerate and grow into larger assemblies.

regarding the char formation, degradation behavior and thermal stability
of the sample. The TGA and DTG curves of the NPs are represented in Table
1 and Figs. 9 and 10. The Fe-TiO2 NPs and NiFe2O4 NPs were showed a great
amount of char at 1200 ᵒC is 57.54% and 50.02% respectively. This result
indicates that the synthesized NPs were thermally more stable. From the
DTG curve, decomposition occurs at 489 to 510 ᵒC temperature range. At
this step, the weight loss has occurred due to the thermal decomposition
macromolecular backbone structure.
3.7 Cone-Calorimetric Analysis
The combustion study of a sample can be performed by cone
calorimeter based on oxygen consumption principle. Cone calorimetric
analysis provides the information for Peak heat release rate (PHRR) and
total heat release (THR). The PHRR, THR values are regarded as an
important indicator to characterize the flammability of material in a fire
situation. The PHRR, THR curves of NPs are shown in Figs. 11 and 12 and
Table 2.

Fig. 7 FESEM image of NiFe2O4 NPs

Table 2 Cone calorimeter results of the NPs

3.5 HRTEM Analysis of NiFe2O4 Nanocomposite

NPs
Fe-TiO2
NiFe2O4

The average size of the particle was observed to be 10 ± 0.5 nm as
calculated from (TEM). The HRTEM micrograph (Fig. 8).

PHRR (kW m-2)
208.15
260.23

THR (MJ m-2 kg-1)
112
56

Fig. 8 The HRTEM image of NiFe2O4 NPs
Fig. 11 PHRR curves of NPs

Table 1 Thermal stability results of the NPs
NPs
Fe-TiO2
NiFe2O4

Temp.
(5% onset)
151.45
149.23

Decomposition
Temp. (max)
505
501

Char residue (%)
at 1200 ᵒC
57.54
50.02

Fig. 12 THR curves NPs

4. Conclusion
Fig. 9 TGA curve of NPs

TGA was established here as a viable measurement tool for
nanoparticle analysis with repeatability on the order of typical TGA
experiments, similar results to conventional TGA in terms of oxidation
temperature and residual mass measurements in nanoparticles. The PHRR
peak of the functionalized NiFe2O4 NPs was more than Fe-TiO2 NPs due to
the melting point of TiO2 higher than Ni.
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