JOURNAL OF NANO- AND ELECTRONIC PHYSICS
Vol. 7 No 4, 04056(3pp) (2015)

JKYPHAJI HAHO- TA EJIEKTPOHHOI ®I3UKH
Tom 7 Ne 4, 04056(3cc) (2015)

The Results of Research of Magnetic Fluid Nanoparticles by Microscopy and X-ray Methods

A.M. Storozhenko, I.A. Shabanova, A.O. Tantsyura

Southwest State University, 94, 50 let Octyabrya St., 305040 Kursk, Russia

(Received 30 September 2015; published online 24 December 2015)

This is a researching of dispersed, elemental and phase composition of magnetic fluids. Samples of
magnetic fluids based on kerosene and vacuum oil are the objects of study. As the researching methods, we
used scanning electron microscopy and atomic force microscopy as well as X-ray diffraction. There is a

comparative analysis of data from these methods.
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Nanodispersed magnetic fluid (MF) is a smart-
material, because its physical properties could be con-
trolled and managed [1]. Particularly, special interest is
magnetic and rheological properties of such colloidal
system, which strongly depend on the particle size dis-
tribution. Therefore, this work devoted to the study of
nanoparticles of magnetic fluid is actual and has practi-
cal significance [2, 3].

Microscopy is one of the best-known research meth-
ods to determine ferroparticle size distribution in colloi-
dal solutions. The atomic force, scanning electron and
transmission electron microscopy are the most suitable
types for such tasks. However, each of these methods
has its own advantages and disadvantages, so it seems
appropriate to carry out a complex research using vari-
ous methods.

For this research, we used Fe30s magnetic fluids
based on kerosene (MF1 — MF5) and mineral oil (MF-6).
Samples MF1 — MF4 are from NIPI Gaspererabotka
(Krasnodar, Russia) and samples MF5 — MF6 were
synthesized in Scientific-Educational Centre ‘SWSU -
ICMM UB RAS’ by method of chemical condensation [4,
5]. The physical parameters of the samples are shown
in Table 1.

Scanning electron microscopy allows to estimate the
sizes and the structural and morphological characteris-
tics of nanoparticles agglomerates in low vacuum mode.
Moreover, it is possible to determine the composition of
elements in nanoparticles and agglomerates.

This research was carried out in The Centre for col-
lective use of scientific equipment "Diagnosis of the
structure and properties of nanomaterials", Belgorod
State National Research University using scanning
electron microscope Quanta 200 3D. Preparation of
magnetic fluid samples was carried out as follows.

Table 1 — Parameters of magnetic fluids

PACS numbers: 75.75.Fk, 61.05.cp

Fig. 1 — Electron microscope scans of magnetic nanoparticles

Sample Medium Density Concentration of | Magnetization satu- | Initial magnetic
p [kg/m?] solid state ¢ [%] ration Ms [KA/m] susceptibility y

MF1 kerosene 1315 12 45.8 3.4

MF2 kerosene 1934 26 90.7 9.7

MF3 kerosene 886 1.94 9.7 0.52

MF4 kerosene 814 0.32 5 0.25

MF5 kerosene 1222 9.5 - -

MF6 mineral hydrocarbon oil 1052 — 10.7 0.26
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Fig. 2 — Morphology of surface with magnetic nanoparticles
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Fig. 3 — Nanoparticle size distribution
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Fig. 4 — X-ray spectrum of MF6

We covered a clean glass surface with a thin layer of the
solid phase extracted from the diluted magnetic fluid.
Then this sample was being dried in an oven for 2 hours
with protection from dust and other contaminants.

The obtained electron microscope scans (Fig. 1) allow
to make only a rough size estimation of magnetic nano-
particles, but they are not clear enough for the statistical
processing to get particle size distribution curves.

We also studied the composition of elements in nano-
particles of samples MF1-MF6 using Quanta 200 3D.
Analyzing the obtained data for all samples, we can con-
clude that their main components are iron compounds
with oxygen. However, the functionality of Quanta 200
3D does not allow us to get an answer if these oxides are
magnetite or not.
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We researched magnetic nanoparticle size distribu-
tion by atomic force microscopy using a scanning labora-
tory based on Integra platform. Fig. 2a shows the results
for surface morphology in 2D for sample MF1. Based on
analysis of 2D images and a profile of scanned surface we
obtained 3D-representation of nanoparticles — see Fig. 2b.

Processed scans of scanning probe microscope by spe-
cial software and algorithms, we investigated nanoparti-
cle size distribution of the samples. Fig. 3 shows the re-
sults for MF1 (a) and for MF5 (b).

Analyzing the curves of particle size distribution, we
conclude that the average particle size in the sample
MF1 (from NIPI Gazpererabotka) is 17 nm, and in the
sample MF5 (synthesized in SWSU) it is 14 nm. Howev-
er, the range of diameter values in the sample MF5 is
larger than in MF1, which indicates the higher polydis-
persity of MF5 comparing with MF1.

To determine the specific type of iron compound with
oxygen in the solid phase of magnetic fluid, dried pow-
ders of samples MF1, MF2, MF5 and MF6 were exam-
ined using X-ray diffractometer Ultima. Fig. 4 presentes
the results for sample MF6.
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Based on the experimental data for all of the sam-
ples (synthesized both in industrial conditions and in
the SWSU) we can state that the magnetic phase is
magnetite.

Thus, comparatively analyzing data, which were ob-
tained for MF samples by various ways, we can con-
clude that all of the studied samples belong to the same
class, are stable and satisfy contemporary require-
ments to magnetic fluid.

Our research showed that in addition to indirect
methods (magnetogranulometric, acoustogranulometric
[6], and others), which allow to determine the parame-
ters of MF magnetic nanoparticles, it is appropriate to
study the MF structure using microscopic methods. We
propose to use advanced analytical equipment - scan-
ning probe and electron microscopy, and X-ray diffrac-
tion methods to analyze disperse, elemental and phase
composition of magnetic fluids.

This work is supported by the Scholarship of the
President of the Russian Federation for young re-
searchers (SP-2683.2015.1).

4. Yu.Ya Shchelykalov, Magnetic fluids in ISPU (Ivanovo
State Power University named by V. I. Lenin: 2004)
[In Russian].

5. Yu.P. Grabovskiy, M.A. Berlin, G.V. Kovalenko,
V.I. Koshcheyev, Patent 2340972 of the Russian Federa-
tion, MPK N 01 F 1/44. The method for producing a mag-
netic fluid.

6. V.M. Polunin, P.A. Ryapolov, A.M. Storozhenko,
I.A. Shabanova, Acoustostructural analysis of nano-
dispersed magnetic fluid, No 1, 10 (Tidings of the higher
education institutions. Physics: Tomsk: 2011).

04056-3



