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The magnetic behaviour towards biomedical applications of transition metal-ferrite and transition metal-
ferrite based nanoparticles is dependent upon the nanoparticles preparation parameters. In this study, an
experimental design using central composite design (CCD) has been explored in the production of alu-
mina based nickel-ferrite nanoparticles via wet impregnation method. The effects of operating conditions
such as drying temperature, drying time and mass of support on the percentage yield of nickel-ferrite
were studied. The optimum nickel-ferrite yield of 97.45% was obtained at 7.5 g of a-alumina, drying time
of 7 h and drying temperature of 116.70 �C and then characterized using SEM, EDS and XRD to determine
the surface morphology, elemental analysis and crystallinity respectively. The antibacterial activities of
the nickel-ferrites doped a-alumina were tested on Gram-negative bacterium: E. coli and Pseudomonas
aeruginosa and a Gram-positive bacterium S. aureus. The antibacterial results of the nickel ferrites doped
a-alumina nanoparticle on microorganisms showed that the nanoparticles shows no effect on the growth
of E. coli but depicts an inhibitory growth on Pseudomonas aeruginosa and S. aureuswith high antibacterial
effect on S. aureus of 1.70 mm diameter of inhibition. Hence, the developed nickel ferrites doped a-
alumina nanoparticle shows high antibacterial effect on Pseudomonas aeruginosa and S. aureus which
makes it a potential material for biomedical application.
� 2016 Karabuk University. Publishing services by Elsevier B.V. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Ternary metal oxides such as cobalt ferrite, nickel ferrite, cupric
ferrite, and zinc ferrite are being extensively investigated for their
biomedical applications due to their favourable ferromagnetic
properties Suresh et al. [8]. Recently, several researches showed
the antibacterial potentials of these metal-oxide systems. Numer-
ous areas of applications of the Nano-ferrites have been identified
in several technological fields, making it one of the major focuses
of nanotechnology research in the last decade [9]. The various
applications are as a result of the interesting and extraordinary
characteristics of these ferrites which include their improved elec-
tronic, magnetic, optical as well as catalytic properties. On the area
of ferrites as an excellent catalyst material, its high chemical stabil-
ity enhances this property most especially in the area of carbon
nanotubes production via catalytic vapour deposition (CVD) tech-
niques [4].

The magnetic nanoferrites are generally represented as MFe2O4

where M represents either of Ni, Co, or Cu that are tetrahedral sites
of typical bivalent cations in a cubic lattice structure [5]. Uniquely,
the nanoferrites of nickel are known to possess distinctive proper-
ties of high permeability when subjected to an elevated frequency
and electrical resistivity. This exceptional property of nickel ferrite
in the group of cubic ferromagnetic oxides is possible due to its
ability to exhibit a surface disorderliness. Considering the avail-
ability, suitability and wide application of Alumina in various
applications, an effectively designed hybrid system of Alumina-
based Nickel ferrite would be valuable towards possible applica-
tion as antimicrobial or drug delivery agents to targeted organs
in the human body system.

Various methods have been used previously for the synthesis of
magnetic ferrites nanoparticles. Such methods include sol-gel
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method, co-precipitation, thermolysis, combustion method, gel-
assistant hydrothermal route, hydrothermal method, microemul-
sion, and precipitation ([7,2,6,10]. These methods of preparation
pose the major challenge of particle agglomeration which subse-
quently limits their area of applications which necessitates the
synthesis of the Alumina-based Nickel ferrite nanoparticles
through wet impregnation method, which is a method known for
its effectiveness and efficiency of product. Based on our knowledge,
there are limited literature reports on the optimization of the syn-
thesis of alumina-based nickel ferrites using central composite
design (CCD) for biomedical application.
2. Methodology

The study seeks to address the synthesis, optimization and the
potential application of the alumina-based nickel ferrite nanopar-
ticles for its antibacterial effects on some selected microorganisms
that are present in polluted water bodies. The Nickel nitrate hex-
ahydrate, Ni(NO3)2�6H2O, iron nitrate nonahydrate Fe(NO3)3�9H2O,
and a-alumina [Al2O3] were of analytical grade with percentage
purity in the range of 98–99.99%. All chemicals were used without
further purification.

2.1. Synthesis of NiFe2O4 doped a-alumina nanoparticles

Wet impregnation method was employed for the development
of Nickel Ferrites nanoparticles on a-alumina. Solution of
0.0032 mol/dm3 of Fe(NO3)3�9H2O and 0.232 mol/dm3 of Ni(NO3)3-
�6H2O salts were impregnated with 7–8 g of a-alumina as support
material to form an equal weight percent of Fe and Ni. The resulted
mixture was allowed to age for 60 min under constant stirring at
room temperature. The resulting homogeneous slurry was dried
at a temperature of 110–115 �C for 6–8 h depending on the exper-
imental run. The obtained product was grinded and calcined at
Table 1
Levels of the factors considered in Central Composite Design.

Independent Variables Coded symbols �1 Level

Mass of support (g) A 7
Drying Time (h) B 6
Drying Temp. (�C) C 110

Table 2
CCD Experimental matrix for the development of NiFe2O4 nanoparticles.

Run Mass of Alumina (g) Drying Time (h)

1 8.00 6.00
2 7.00 8.00
3 7.00 6.00
4 7.50 7.00
5 8.00 8.00
6 7.50 7.00
7 7.00 8.00
8 8.00 6.00
9 7.50 7.00
10 7.00 6.00
11 7.50 7.00
12 8.00 8.00
13 7.50 8.68
14 7.50 5.32
15 7.50 7.00
16 7.50 7.00
17 7.50 7.00
18 6.66 7.00
19 8.34 7.00
20 7.50 7.00
400 �C for 2 h. The calcined samples were allowed to cool and then
sieved through 150 lm sieve size. Response surface methodology
experimental design was used with Central Composite Design for
the design of the experiments using Design Expert� version 7.
Three experimental factors such as drying time (h), drying temper-
ature (�C) and the weight of support material (g) were studied. This
resulted in the generation of twenty (20) experimental runs.
Table 1 shows the experimental ranges and levels of the factors
used in the Central Composite Design while Table 2 depicts the
experimental runs and the matrix for each runs.

The yields of the NiFe2O4 doped a-alumina nanoparticles were
determined after the calcination of all samples at constant calcina-
tion temperature of 500 �C using the relationship presented in Eq.
(1);

y ð%Þ ¼ Wa �Wb

Wa
� 100 ð1Þ

where y is the yield (%), Wa is weight of sample before calcination
(g) and Wb is the weight after calcination (g).
2.2. Characterization and ANOVA

2.2.1. Characterization of NiFe2O4 nanoparticles
The surface morphology and microstructure of the synthesised

NiFe2O4 doped a-alumina nanoparticles were characterized using
Zeiss Auriga HRSEM. The HRSEM equipped with EDS was used to
determine the nickel-ferrite composition. A small quantity of the
nickel ferrites was sprinkled and sputter coated with Au-Pd using
Quorum T15OT for 5 min. The sputter coated samples was firmly
attached to the carbon adhesive tape and analysed with In-lens
standard detector at 30 kV electron high tensions (EHT) of 5 kV
for imaging. The crystal phase identification of the powdered fer-
rites was performed using Bruker AXS D8 X-ray diffractometer sys-
tem coupled with Cu-Ka radiation of 40 kV and a current of 40 mA.
+1 Level �alpha +alpha

8 6.6591 8.3409
8 5.31821 8.68179
115 108.296 116.704

Drying Temp (�C) Yield after Calcination (%)

115.00 87.87
110.00 89.87
110.00 76.76
112.50 70.99
110.00 70.90
112.50 89.90
115.00 91.09
110.00 92.87
112.50 77.90
115.00 78.98
112.50 84.59
115.00 78.89
112.50 69.97
112.50 88.88
108.30 78.96
112.50 87.98
116.70 97.45
112.50 96.77
112.50 87.87
112.50 78.98
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The k for Ka was 0.1541 nm, scanning rate was 1.5 �/min, while a
step width of 0.05� was used over the 2h range value of 20–80�.

2.2.2. Antibacterial activities
The antimicrobial activity of the developed nickel ferrite doped

a-alumina nanoparticles was tested on three common bacteria
pathogens, Gram-negative bacterium: E. coli and Pseudomonas
aeruginosa and a Gram-positive bacterium S. aureus. The bacterial
which were cultured on agar plates supplemented with varied con-
centration of nickel ferrite doped nanoparticles. The plates were
incubated for 24 h at a temperature of 37 �C.

3. Results and discussion

This study is focus on the synthesis, characterization and
antibacterial activities of Nickel ferrite doped a-alumina synthe-
sised by wet impregnation method. The result presented in Table 2
represents the result obtained while studying the effect of synthe-
sis parameters on the yield of nickel-ferrite doped alpha-alumina
nanoparticles. Results as presented in Table 2 indicate that the
highest yield of 97.45% was obtained at synthesis parameters of
Fig. 1. Correlation between the

Fig. 2a. Response surface plot showing the relationship between drying
6 h drying time, 7.50 g mass of alumina and 116.70 �C drying tem-
perature. Results also revealed that combination of these parame-
ters greatly influenced the nanoparticle yield. For instance, at
constant mass of alumina of 8 g and drying time of 6 h, and varying
the temperature from 110 �C to 115 �C, the obtained yield decrease
from 92.89 to 87.87%. However, with the mass of alumina at 7 g,
drying time of 8 h while the temperature was raised from 110 �C
to 115 �C bring about increment in yield from 89.87 to 91.09%

The mathematical regression model generated via analysis of
variance represented in terms of coded factors is presented in Eq.
(2) which shows the interactive behaviours of the constituent fac-
tors on yield of the developed nickel-ferrite doped a-alumina.

Yield ¼ 82:26� 2:65A� 5:62Bþ 5:50C � 7:02AB� 0:056AC

þ 1:50BC þ 2:95A2 � 1:61B2 þ 1:49C2 þ 1:75ABC

þ 4:91A2B� 4:69A2C þ 1:87AB2 ð2Þ

where A is mass of alumina (g), B is the drying time (h), and C is the
drying temperature (�C). The main effects in Eq. (2) revealed that
the mass of alumina and the drying time have negative effects on
the yield of nickel ferrite nanoparticles, while the drying tempera-
predicted and actual yields.

time and mass of support on the yield nickel-ferrite doped alumina.



Fig. 2c. Response surface plot showing the relationship between drying temperature and drying time on the yield nickel-ferrite doped alumina.

Fig. 2b. Response surface plot showing the relationship between drying temperature and mass of support on the yield nickel-ferrite doped alumina.

Fig. 3. SEM of the developed NiFe2O4 Nanopowder (Highest-yield sample).
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ture influences the yield positively. The model R2 value of 0.8115
and a correlation coefficient of 0.9999 between the predicted and
actual yields indicate that the model is reliable, and this is further
supported by Fig. 1.

The p-values less than 0.0500 which is equivalent to 95% confi-
dence level indicates that model terms are significant. Conse-
quently, only the two-way interaction between the mass of
alumina and the drying duration were significant model terms. A
predicted R2 of 0.3495 was obtained which is in reasonable agree-
ment with the adjusted R2 of 0.3214. The signal to noise ratio of
4.553 was an adequate signal being greater than 4. Thus, the model
can be used to navigate the design space. Fig. 2a–2c presents the
3D surface response plots which show the two-way interactive
effects of the three factors considered.

3.1. Characterization of NiFe2O3 nanoparticles

The surface morphology of the developed Nickel Ferrites
nanoparticles was determined via Scanning electron microscope
(SEM). The result of the SEMmicrographs of experimental run with
the highest yield is presented in Fig. 3.

The SEM micrograph as depicted in Fig. 3 shows the extent of
effective dispersion of Nickel-ferrites on the surface of the alumina.
This shows that the adopted wet impregnation method aids in
effective dispersion of the Nickel ferrites on the precursor therefore
giving rise to maximum surface contact of the ferrite to any reac-
tion environment. The elemental composition of the nickel-
ferrites was further analysed using the EDS. The result of the anal-
ysis is as shown in Fig. 4a.

The main constituent of the magnetic based nanoparticles were
observed to be C, O, Al, Fe and Ni with 74.79, 14.8, 8.37, 1.12 and



Fig. 4a. EDS spectrum of nickel ferrite (Highest-yield sample).

Fig. 4b. Elemental composition of nickel ferrite (Highest-yield sample).

Fig. 5. XRD of the developed

K. Ishaq et al. / Engineering Science and Technology, an International Journal 20 (2017) 563–569 567
0.92% respectively as shown in Fig. 4b. High carbon content
depicted in the compositional mix is as a result of the carbon grid
used during the process of SEM/EDS analysis while oxygen was
resulted from the formation of oxides composition in the form of
magnetic ferrites (NiFe2O4) which was successfully doped onto
the alumina precursor.

The crystallinity of the synthesised NiFe2O4 doped on alumina
was characterized via the XRD technique. The result of the analysis
is presented in Fig. 5 (where A-T represent run 1–20) following the
format represented in Table 2. The crystallography of the NiFe2O4

doped alumina practically has similar characteristics at the same
nickel ferrites via CCD.



Growth of E.coli

Plate 1. Antibacterial activity of Nickel ferrites on (a) E. coli (b) Pseudomonas aeruginosa and (c) Staphylococcus aureus.
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diffraction angle. Basically, the diffraction angle at 2h equal 23.50
and 78.11 are attributed to the alumina precursor. The presence
of NiO and Fe2O3 were as a result of the interaction of nickel and
iron with air during the calcination process respectively. The for-
mation of NiO was observed at the diffraction angle of 36.10,
38.61 and 42.72� while the presence of Fe2O3 was observed at
diffraction angle of 36.10, 38.61 and 68.91�. The diffraction peaks
around 52.93, 59.45, 68.12 and 68.91 are attributed to the forma-
tion NiFe2O4 on the alumina precursor.

3.2. Antibacterial activities of nickel ferrite nanoparticles

The antibacterial activities of the developed Nickel ferrite
Nanopowder was tested on the selected microbes: Escherichia coli,
Pseudomonas aeruginosa and Staphylococcus aureus. Agar well diffu-
sion method was employed for the antimicrobial activity of the
nickel ferrite doped alumina. The choice of the bacterium was
based on the common infection affecting the community resulted
from their intakes when present in polluted water. For instance,
the presence of E. coli DO17 causes nausea, diarrhoea while
whooping cough in both children and adults is caused by a very
pathogenic microbe called Pseudomonas aeruginosa. Meanwhile,
the effect of Staphylococcus aureus is noticeable and also a causa-
tive bacterial in boil and causes complication in wounds. With
the possible presence of these dangerous bacterium in water, there
is need to effectively develop a nano-based antibacterial inhibitors
to mitigate their growth and functionality in water system. To
determine the efficient and the best dosage loading for the best
antibacterial activity, the ratio of mass of dosage of the nickel fer-
rites to the solvent (DMSO) was varied. The results of the antibac-
terial activities were presented in the form of area of inhibition as
shown in Plate 1 while the diameter of inhibition is shown in
Table 3.

From Table 3, the nickel ferrites nanoparticles possess no
antibacterial activity on the E. coli microbes but show a more
observable effect on the Pseudomonas aeruginosa and Staphylococ-
Table 3
Zone of inhibition (mm) of the nickel ferrite loading on waterborne microbes.

Bacterial Zone of inhibition (mm)

100 mg/5 ml
DMSO

200 mg/5 ml
DMSO

300 mg/5 ml
DMSO

E. coli – – –
Pseudomonas aeruginosa – 13.00 17.00
Staphylococcus aureus 0.70 1.20 1.20
cus aureus except in 100 mg/mL in Pseudomonas aeruginosa. The
antibacterial effects observed in Staphylococcus aureus and Staphy-
lococcus aureus were as a result of the ability of nickel ferrites to
induce gaps and pits which causes the membrane of the bacterium
cells to fragment. The results as presented in Table 3 further shows
that as the ferrites loading increases, the antibacterial effect on
Pseudomonas aeruginosa increases with inhibition diameter from
0 to 13 and then to 17 mm for 100 mg, 200 mg and then 300 mg
of nickel ferrites loading respectively. Considering the effect of
nickel ferrites on Staphylococcus aureus, there was progressive
increase in inhibition growth of 100–200 mg loading from 0.70 to
1.20 respectively. Further increase in ferrites dosage does not pose
any inhibitory characteristics to the Staphylococcus aureus. This
mechanism of cell fragmentation has also been observed in the
work of Amro et al. [1] and Hyosuk et al. [3] who reported on
the effect of CNT-Ag and GO-Ag nanocomposites against Gram-
negative and Gram-positive Bacteria. This excellent antibacterial
property possesses by the developed nickel ferrites nanoparticles
on Staphylococcus aureus and Pseudomonas aeruginosa makes it
good source of disinfectant in polluted water body with effective
properties that enhance microbe inhibition.
4. Conclusion

The possible synthesis of highly functional nickel ferrites doped
a-alumina for antibacterial activities has been observed via central
composite design (CCD) using wet impregnation method. The wet
impregnation method depicts effective dispersion of doped ferrites
on the precursor material during the calcination process. The
developed NiFe2O4 doped alumina was characterized via SEM,
EDS and XRD to determine its morphology, elemental composition
and crystalline mix. The highest ferrite’s yield was further applied
as an antibacterial on three selected microorganisms in waterbody
and their effectiveness regarding the dosage loading was during
inoculation process. The nickel ferrites show the highest inhibitory
effect on Pseudomonas aeruginosa at the dosage of 300 mg/mL of
DMSO with no effect on E. coli.
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