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In this work, spinel ferrite NiFe,O, was synthesized using the low temperature hydrother-
mal method with various ratios between Ni(NO,), and FeCl,, namely, 1:1, 1:2, 2:1 and 2:8,
followed by annealing process at 300°C for 1 h. Based on analysis with a scanning electron
microscope , we found that nanosheets were formed at low Ni ratio; however at a higher ratio,
FeCl,, nanoparticles are present. In addition, X-ray diffraction revealed the crystallinity of
NiFe,O, with a crystalline size of approximately 15 nm. Besides, Fourier transform infrared
spectroscopy explained the chemical properties of NiFe,O, by Fe—O vibrations. Furthermore, the
vibrating sample magnetometer demonstrated excellent magnetic properties of NiFe,O,, which
correlated with high crystallinity of NiFe,O, nanosheets.
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Hocaigxenna wmopdosorii, xpucrangiuHocTi, XiMiuHMX Ta Mar"HiTHUX BJIACTUBOCTEN
NiFe,0,, cuaTezosanoro rigporepmansaum meromom. Marhaposan Situmorang, Perdinan
Sinuhaji, Muhammadin Hamid, Nurul Yaumilda Hasibuan, Martha Rianna

®epur mmineni NiFe,0, cuHTe30BaHO HH3BPKOTEMIIEPATYPHUM IiPOTEPMATLHIM METOIOM 3
pisaum crieiznomenuam Ni(NO,), i FeCl,, a came 1:1, 1:2, 2:1 i 2:3, 3 mojaibmuM BigmanoM
npu temuneparypi 300°C mpotsarom 1 r. BusasieHo, 1o opMyBaHHS HAHOILIACTUH Bif0yBaeThCHA
npu HusbKomy BMmicTi Ni i mpm 6inbm Bucoxomy smicti FeCl,. Posmip xpucranis NiFe,O,
O0aus3pko 15 M. Mertogom im(pauepBoHOI CIEKTPOCKOIil 3 meperBopeHHAM Pyp’e II0ACHEHO
ximiuni Bracrusocti NiFe,0, xonmusammamu Fe-O. Hocrimxeno marmitai snacrusocri NiFe,O,,
AK1 KOPeJIOI0Th 3 BUCOKOIO Kprcraniunicrio Hanomractur NiFe,O,.

®eppur mmnuuaenu NiFe,0, cuHTe3MpPOBaH HU3KOTEMIEPATYPHBIM T'HAPOTEDMATBHEIM Me-
rogom ¢ pasiaumuHbIM coorHomernueM Ni(NO3), u FeCl,, a mmemmo 1:1, 1:2, 2:1 u 2:3, ¢
nocaenyomumM oT:kurom npu remuneparype 300°C B Teuenue 1 u. OGHApPYKeHO, 4TO (popMMU-
pOBaHME HAHOIJIACTUH IIPOUCXOAUT IpU HU3KOM cozepxkanuu Ni u mpu Gosiee BBHICOKOM
cogep:kanun FeCl,. Pasmep kpucramios NiFe,0, mopagka 15 mm. MeTogom wmH(DpaKpacHOi
CIIEKTPOCKONNHU ¢ npeobpasoBaHneM Pypre o6bAcHeHEl xuMudeckue csoiicTsa NiFe,O, xoie-
6anuamu Fe-O. Hccnenosanbl marauTHble cBoiictsa NiFe,0,, KoTOpBIe KOPPEIUDPYIOT C BBI-
CoKolf KpucTanLInuHocThi0 Hanomwractur NiFe,0,.
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1. Introduction

In recent times, nanosized spinel ferrite
particles have attracted considerable atten-
tion due to the enhancement of physical and
chemical properties [1]. As an important
member of the ferrite family, nickel ferrite
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(NiFe,O,4) has attracted significant research
interest because of its fascinating magnetic
and electromagnetic properties [2]. NiFe,Oy,
an inverse spinel structure, shows ferro-
magnetism [3]. NiFe,O, is a soft ferrite
with low coercivity, high saturation mag-
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netization, chemical stability and electrical
resistivity, which makes it an excellent ma-
terial for magnetic resonance imaging
(MRI) enhancement, magnetic recording
media and electronic devices [4, 5].
NiFe,0O, with typical ferromagnetic prop-
erties, low conductivity and stable thermal
ability is suitable for a wide range of appli-
cations in many fields including gas sensors
[6], microwave devices [7], data storage de-
vices [8]. Nickel ferrite, with an inverse
spinel structure, exhibits ferrimagnetism de-
riving from a magnetic moment of antiparal-
lel spins between Fe3* ions at tetrahedral
sites and Ni?* ions at octahedral sites.
Recently, many attempts have been made
to synthesize various NiFe;,O, nanostruc-
tures in order to explore and enhance its
properties and design the technological ap-
plications. 1D ferrite nanostructure can be
synthesized by the sol-gel method, co-pre-
cipitation technique, microemulsion method,
anodic aluminum oxide (AAQO) template
method, polymeric co-precipitation method
and precursor method [9-11]. Among the
many different synthesis methods, it is still
extremely important to find simple and
cost-effective routes for synthesizing
nanocrystalline NiFe,O, using cheap, non-
toxic and environmentally friendly precur-
sors. Hydrothermal synthesis of NiFe;O, is
a good technique for synthesis of the 1D
nanostructure since it fulfils the above re-
quirements [12, 13]. Self-assembly of the
NiFe,O, is achieved by introducing FeCl,
and Ni(NO3),-6H,0 precursors into the poly-
mer, followed by co-precipitation. Single
crystalline NiFe,O, nanosheets are formed
with the addition of urea (CH4N,0O), which
serves as a templating medium to form a
crystalline NiFe,O, nanosheet. The develop-
ment of such mixed-NiFe;O,4-based nanocom-
posites is aimed at functionalization in de-
vice technologies and optical applications.

2. Experimental

Synthesis of NiFe,O, nanosheets

Nl(NO3)26H20 (Merck, 929 0/0) and FeC|2
(Merck, 99 %) with various ratios (1:1, 1:2,
2:1 and 2:3) were mixed into 50 mL deion-
ized water through stirring and ultrasonica-
tion (Powersonic 600) for 15 min. The solu-
tion was then poured into a 100 ml Teflon-
lined hydrothermal vessel heated to 200°C
for 6 h. After cooled down to room tem-
perature, the solution was precipitated by
centrifugation at 4000 rpm for 5 min, fol-
lowed by washing with distilled water and
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ethanol. The obtained powder was dried at
60°C in hotplate and further annealed at
300°C for 1 h in a furnace.

Field-emission scanning electron micros-
copy (FESEM) was carried out using a Hita-
chi SU-3500 instrument to determine the
morphology of synthesized NiFe;O4. For
analysis of microstructures of NiFe,O4, the
X-ray diffraction (XRD) method (Rigaku
Smartlab) was used with Cu-Ko (1.54 A) ra-
diation at diffraction angles from 10 to 80 deg.
A Fourier-Transform Infrared Spectrometer
(FTIR) (Thermo-Scientific Nicolet IS-10) was
used to determine the chemical structure of
NiFe,O, by the KBr disk method with scanning
in the range of 4000450 cm™1.

In order to investigate the magnetic prop-
erties of NiFe,O4, a vibrating sample magne-
tometer (VSM) VSM250 was used.

3. Results and discussion

Figure 1 shows the FESEM images of
NiFe,O, nanosheets with a small aggrega-
tion of primary NiFe,O, nanoparticles,
which causes the formation of sheet-like
morphology. Although most of the
nanosheets appear as separate, the surfaces
are clearly not smooth, but contain some
nanoparticles. It clearly indicates the initial
stages for the growth of the nanosheets. For
the Ni(NO3),-to-FeCl, ratio of 1:1, Fig. la
shows a clear evidence of nanosheets; but
when the proportion of Ni(NOj), increases,
the nanosheets become coarse with a rough
surface (Fig. 1¢). On the other hand, when
the proportion of FeCl, increases to 1:2 and
2:3, the formation of nanoparticles becomes
more dominant (Fig. 1b and d).

Fig. 2 shows powder XRD patterns of
samples with various ratios between
Ni(NO3), and FeCl,. The peaks are indexed
with an inverse spinel cubic phase with the
space group of Fd3m, which is very well
consistent with the JCPDS file (card no:
10-0325). In Fig. 2a, the pattern for
NIF6204 at the N|(NO3)2:FeC|2 (1:1) ratio
shows diffraction peaks at the angles of
18.4, 30.2, 35.6, 43.3, 53.7, 57.3 and
62.9 degrees, which can be indexed to (111)
(220), (311), (400), (422), (511), (440)
planes, respectively. For the (1:2) ratio, dif-
fraction peaks at 18.4, 30.3, 35.6, 43.3,
53.8, 57.3 and 62.9 deg are revealed which
can be indexed to (111) (220), (311), (400),
(422), (511), (440) planes, respectively, as
shown in Fig. 2b. For the (2:1) ratio, dif-
fraction peaks at 18.4, 30.3, 35.6, 43.3,
53.8, 57.3 and 62.9 deg can be indexed to
(111) (220), (311), (400), (422), (511), (440)
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Fig. 1. FESEM images of NiFe,0, with differ-
ent ratios of Ni(NOj),-to-FeCl, (a) 1:1, (b)
1:2, (¢) 2:1 and (d) 2:3.

planes, respectively, as shown in Fig. 2c.
And last, for the (2:8) ratio, diffraction
peaks at 18.4, 30.3, 35.7, 43.4, 53.8, 57.3,
and 63 deg can be indexed to (111) (220),
(311), (400), (422), (511), (440) planes , re-
spectively, as shown in Fig. 2d. The crystal-
lite size of the NiFe,O, phase is calculated
using Scherrer’s relation:

D = 0.9)\/PBcosb,

where [ is the broadening of the diffraction
line measured at half maximum intensity
(radians); and A = 1.5406 A is the wave-
length of CuKo. The average crystallite size
for each 1:1, 1:2, 2:1 and 2:3 ratio is 10,
15, 8 and 15.8 nm, respectively.

The formation of the spinel structure in
the synthesized NiFe,O, sample was addition-
ally confirmed by FT-IR spectrum as shown
in Fig. 8. The band at 1090 cm ™! shows the
presence of C—-O group vibration modes. The
band at 8894 cm™! could be attributed to the
O-H stretching vibration of H,O absorbed by
the sample and the surface O—H or EG. There
is a significant change in the irrelevant
peak of the C—-H bending vibration band at
1697 ecm™l. The peaks at 1555 cm™! are at-
tributed to the N-O stretching vibration.
The band at 594 cm™! are assigned to the
Fe—-O tetrahedral site. The band at
2281 ecm! shows the presence of the
N=C=0 stretching vibration. This results
are in good accordance with the previous
report [14].

The VSM analysis is the tool to investi-
gate the magnetic properties of the pre-
pared spinel ferrite samples. The room tem-
perature VSM analysis was performed on
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Fig. 2. XRD profile of NiFe,O, with various
ratios of Ni(NO,), to FeCly; (a) 1:1, (b) 1:2,
(c) 2:1 and (d) 2:3.

NiFe,O, nanosheets, and obtained magnetic
hysteresis loops are shown in Fig. 4. The
saturation magnetization (Ms), remanent
magnetization (Mr), and coercivity (Hc) are
14.78 emu/g, 2.79 emu/g and 183.23 Oe,
respectively, for the Ni(NOj3),:FeCl, (1:1)
ratio; at the same time, for the ratio 2:1,
Ms, Mr and Hc are 6.28 emu/g, 0.95 emu/g
and 183.12 Oe, respectively. It is believed
that the magnetic properties of materials
depend on the shape of the sample, the di-
rection of magnetization, crystallinity, etc.
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Fig. 8. FTIR analysis of NiFe,0,.

In the present work, nanosheets are formed
through the agglomeration of magnetic
nanoparticles; thus, the nanosheet sizes are
closer to bulk. Therefore, their magnetic
properties should be between those of the
nanoparticles and the bulk material.

4. Conclusions

In summary, the NiFe;O, nanosheets
were successfully synthesized via facile hy-
drothermal methods with the addition of
urea. According to FESEM images, the
nanosheet structure was formed; however,
with increasing Fe concentration, nanoparti-
cles predominated in the structure of the
nanosheets. The XRD analysis revealed the
crystalline structure of NiFe,O, at various
Ni(NO3),:FeCl, ratios with an average crys-
tallite size of ~ 15 nm. FTIR results indi-
cate the chemical structure of NiFe,O,
spinel ferrite. VSM shows that the magnetic
properties of NiFe,O, decrease with increas-
ing Ni concentration.
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Fig. 4. Hysteresis loop for  NiFe,O,

nanosheets: (a) Ni(NO;),:FeCl, (1:1) and (b)
Ni(NO,),:FeCl, (2:1) at room temperature.
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