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REGULATION OF LUBRICANT FILTRATION
IN MACHINE ELEMENTS USING
NANOMAGNETIC METHODS

Introduction. The current state of filtering technology has been defined by the growing requirements for the pu-
rity of technical fluids, the enhanced durability of filter elements, and the advances of modern nanotechnology,
particularly with respect to magnetic properties.

Problem Statement. The incorporation of nanomagnetic components based on iron oxides has had the potential
to fundamentally transform the structure and functional parameters of porous materials used in filter devices. Ho-
wever, no technology has yet enabled the adjustment of these parameters under the influence of a magnetic field.

Materials and Methods. The materials employed are porous structures based on polyurethane foams satu-
rated with nanocomposites of divalent and trivalent iron oxides. Experimental methods have included measure-
ments of magnetic induction and the throughput capacity of porous elements, while theoretical methods have in-
volved the analysis of magnetic forces and the application of hydrodynamic equations for channel flows.

Results. Porous filter materials infused with magnetic nanocomponents consisting of mixed divalent and tri-
valent ferric oxides have demonstrated structural changes under the influence of a magnetic field. The proposed
system of electromagnetic control for filters filled with magnetic nanocomposites has allowed the adjustment of
their structural parameters. When the magnetic field induction has been varied from 0 to 0.2x107> T, the filter
bandwidth increases 1.7—1.9 times, corresponding to a change in the average pore diameter by a factor of 1.24—
1.17. This principle has enabled both the increase of filter throughput as clogging occurs and the adjustment of
pore sizes to selectively retain harmful components of predetermined dimensions.

Conclusions. The study has confirmed the feasibility of regulating the structural parameters of porous filtering
materials by incorporating magnetic nanocomponents. Electromagnetic control has made it possible to achieve
adjustable filter capacity tailored to specific operational requirements.
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Several modern technologies require the purifica-
tion of technical liquids. These requirements have
been determined both by environmental regula-
tions [1] and by the need to ensure the reliability
and durability of equipment [2]. Recent advances
in the purification of technical fluids in heavy hyd-
rostatic bearings have opened new prospects for
improving accuracy and productivity [3]. Key is-
sues related to lubricant contamination, cleaning,
and filtration methods that mitigate negative
consequences have been addressed in prior re-
search [4].

The purity of lubricants has proven decisive in
numerous processes, particularly in stamping tech-
nologies [5]. Machining operations such as tur-
ning and grinding, which are performed under in-
creasingly stringent environmental and accuracy
requirements, have required the use of highly pu-
rified technical liquids [6]. Modern machine dri-
ves have required continuous filtration and clea-
ning of lubricating fluids [7, 8].

Advances in filtration methods have also been
necessary for electric drives and machines [9, 10],
as well as in industries associated with fuel and
technical fluid production [11]. The main analy-
tical approaches for determining purification and
filtration parameters of technical liquids have been
presented in prior studies [12], while diffusion—
convective statistical models of filtration have
been examined in [13].

The feasibility of creating porous structures for
the filtration of technical liquids has been demonst-
rated in [14]. Further, [15] has reported attempts
to develop specialized porous structures for filtra-
tion and purification using 3D printing methods.

The primary purpose of filters and filter ele-
ments has been to improve the quality of liquids
for technological processes, environmental pro-
tection, and human health. The principal quality
indicators of liquids during filtration have been
specified in [16]. Research has established the re-
lationship between filter structure and liquid qua-
lity [17]. At the same time, the complexity of fil-
ter and liquid quality should be considered from a
systemic perspective [18].
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The purification of technical fluids has been
closely associated with the characteristics of the
filters themselves. The preparation of filter devi-
ces for different environments depends on the po-
rosity of filter materials. While prior research has
provided data on the porous structures of fil-
ters [19], the possibility of adjusting porosity has
not been sufficiently addressed.

The authors of [20] have expanded the set of
indicators for assessing filter efficiency by introdu-
cing pore size distribution factors and fluid per-
meability parameters related to pore geometry.
Although the importance of this factor has been
demonstrated, practical recommendations for its
implementation have not been provided.

Research [21] has examined liquid transport in
porous media during the filtration process and has
determined the influence of channel geometry on
filtration performance. These studies have confir-
med the significant impact of porosity parameters
on the efficiency of filtration. At the same time,
practical methods for ensuring the desired pore cha-
racteristics have not been sufficiently investigated.

Porous materials with the ability to form pre-
determined structures have been described in [22];
however, these structures remain static during
operation. Adjustable structures, in contrast, ha-
ve the potential to significantly enhance material
performance.

The feasibility of analytical research on porous
media has been substantiated in [23], while [24]
has identified the influence of pore structure on
the mechanical characteristics of materials. Mo-
dern nanotechnologies have created substantial
opportunities for the design of porous materials
[25]. Nanocomponents, in particular, have enab-
led the controlled formation of porous structures
with tailored properties [26].

A number of studies have highlighted the pro-
mising applications of magnetic nanomaterials [27].
These materials have provided new opportunities
for the retention of harmful metallic substances
[28, 29]. Moreover, when incorporated into po-
rous structures, they have generated forces ca-
pable of deforming and modifying the medium,
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Fig. 1. Components of iron oxides on the pore surface

thereby offering a pathway toward adjustable filt-
ration properties.

Based on the review of the main sources, it can be
concluded that the development of porous filters
with a controlled structure remains highly relevant.
The potential for achieving such effects through
magnetic nanotechnologies has been recognized, yet
this issue has not been sufficiently addressed in prior
research, which underscores the feasibility and ne-
cessity of further investigations in this direction.

Nanocomponents based on a mixture of divalent
and trivalent iron have been synthesized by com-
bining FeSO, and FeCl, solutions. The controlled
addition of NH,OH ensures the formation of mag-
netic components with nanoscale dimensions. The
synthesis technology of FeO and Fe,O, nanomix-
tures has been described in detail in [30, 31].

Porous and foamed materials with incorporated
nanocomponents have demonstrated a pronoun-
ced structural organization [32]. The geometry of
the pores can be defined at the production sta-
ge [33], while a specific concentration of nano-
components ensures the formation of open struc-
tures [34]. Although rapid prototyping methods
can also be used to produce open structures [34],
magnetic technologies have provided higher pro-
ductivity while maintaining structural quality.
Such properties are particularly relevant for filt-
ration applications, as magnetic methods enable
the adjustment of pore size to achieve the requi-
red filtration performance.
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The microscopic examination has shown that
the internal pore surfaces appear coated with iron
oxide components (Fig. 1).

The determination of the distribution of vi-
sible sizes has demonstrated the clear expedi-
ency of continuing the curve toward nanosizes
(Fig. 2).

At the same time, it is possible to take into ac-
count the presence of the limitation d > 0. That
is, the size of the particles shall have clear values.

The number of nanosized particles is determined
by the area under the graph (zone 1). This is app-
roximately 35% of the total number of particles.

The nanosize of the obtained structures is confir-
med by studies using electron microscopy (Fig. 3).

The porous material has been produced by mi-
xing polyurethane with azodicarbamide with the
molecular formula C,H,O,N,. Magnetic powder
based on a mixture of divalent and trivalent iron
oxides is added to the mixture. As a result of the
chemical reaction, a porous material has been ob-
tained. The porosity parameters depend on the
content of magnetic components.

Nanoparticles get into the irregularities of the
porous structure and provide their magnetic pro-
perties. The experiments have confirmed the att-
raction of these materials to magnets.

Placement of a magnetic porous material within
an annular magnetic field generates a distributed
load on each porous element, leading to either
tensile or compressive deformation (Fig. 4).
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In the course of the experiment, the induction
of the magnetic field changes from 0 to 0.1 mT by
adjusting the current in the electromagnet. The
change in size is determined by the tangential
method while measuring the flow of liquid mo-
ving throughout the porous medium.

The deformation of the porous element can
be determined in the model of the loaded cylin-
der [36, 37]:

. p(l + v) i
E 2
where E is the modulus of elasticity of a mono-
lithic material without pores; v is Poisson’s ratio;
d is the average pore diameter; p is the pressure
inside the pore.

Given sufficiently small values of the modulus
of elasticity, the deformations can reach values
comparable to the pore sizes. On the other hand,
this deformation is related to the initial d, and
the final pore diameter d:u =d — d,,.

Then the current diameter of the pore under
the action of internal loads, given the direction of
pressure, is equal to:

dO

1ip(1+v)'
2F

In the presence of a magnetic field, ferromag-
netic materials experience a force that is gover-
ned by the magnetic field induction B. The force
distributed over the area is proportional to the
square of the magnetic induction:

2
Pk,
2u,
where p is the magnetic permeability.

For this case, the real force will depend on the
structure and distribution of nanoparticles and
cannot be theoretically recognized.

The pore diameter is also difficult to measure
continuously.

It should be noted that changing the pore dia-
meter also changes the filter capacity. We will de-

d:
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Fig. 2. Distribution of iron oxide particles by size 7 —
nanosizes; 2 — visible sizes; p is the probability density

Fig. 3. Image of iron oxide structures in an electron microscope
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Fig. 4. Loading of the porous element by magnetic forces
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Fig. 6. Dependence of liquid flow on magnetic field induc-
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Fig. 7. Change in the average diameter of the pores in the
magnetic field

fine this value as the flow rate of the liquid to be
filtered depending on the pressure.
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Small speeds of fluid movement inside the po-
res determine the laminar flow regime that is de-
scribed by the Poiseuille equation [38, 39]:

32:m-h-Q
ap n-d’
where 1 is the dynamic viscosity of the liquid pas-
sing through the filter; % is the length of the pore,
which is approximately equal to the thickness of
the filter; Q is the volume flow of liquid; Ap is the
pressure drop.

Given the value of the pressure created by the
magnetic field, and the change in the pore dia-
meter due to the action of this pressure, it is pos-
sible to write down the expression for the chan-
ge in the flow rate of the liquid passing through
the filter:

)

4

0= n-Ap d,

- 2

32:m-h 1J_r/e-B 1+v
2n, E

Thus, the magnetic field can affect the band-
width of the filter.

To verify this fact, the porous filter element 7 is
saturated with magnetic particles of a mixture of
divalent and trivalent iron (Fig. 5). This element
is placed in the tubular chamber 2 that, in turn, is
placed in the cavity of the ring electromagnet 3.
The voltage and inductance of the magnetic field
are adjusted using an autotransformer 4. The pres-
sure in the tubular element is created by the pis-
ton 5 and measured by a manometer. Liquid con-
sumption is determined by the amount of liquid
6 passing through the filter per unit of time.

The autotransformer regulates the voltage to
220 volts. At the same time, the magnetic induc-
tion can reach 5—6 mT.

The hydraulic oil used for the experiments is
SAE J300 APR97 0W-30 with a viscosity of 9.3 cSt.
The fluid flow rate through the filter is determi-
ned by the volume of fluid that flows freely under
its own weight per unit time. Figure 6 shows the
dependence of the fluid flow on the magnetic field
inductance at different pressure values. The graph
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demonstrates the ability to adjust the bandwidth
of the filter by electromagnetic means.

The experiments have confirmed an increase in
the liquid flow under the action of a magnetic field,
as a result of an increase in the cross-sections of
channels for the passage of liquid. With the use of
data on the change in the filter’s ability to pass
liquid, it is possible to determine the change in
the average diameter of the pores about the ini-

tial diameter.
7 _ 12
d, Q,

The expected change in the average diameter
of the pores depending on the magnetic induc-
tion, taking into account the experimental data,
is shown in Fig. 7.

The research results confirm the ability of the
obtained porous materials to change the geometric
parameters of the pores under the conditions of the
magnetic field that affects the parameters of the fil-
ter devices, their throughput, and cleaning purity.

The paper solves the problem of creating po-
rous systems with adjustable filtration parameters.
A porous structure with magnetic properties is
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PETYJIIOBAHHS OIIBTPAIIIT MACTUJIbHUX MATEPIAJIIB
EJTEMEHTIB MAIINH HAHOMATHITHVMMW 3ACOBAMMN

Beryn. CyuacHuil crad (iibTpyBaabHOI TEXHIKU BU3HAYAETHCS BUMOTAMU JI0 YMCTOTH OUMINEHHS TeXHIYHUX PiuH, 301/1b-
HIEHHS IOBFOBIYHOCTI (DiJIBTPYBAJIbHUX €JIEMEHTIB, MOKIMBOCTSAMH Cy4aCHUX HAHOTEXHOJIOTIN 3 ypaXyBaHHAM MarHiTHUX
BJIACTUBOCTE.

IIpo6GaemaTuka. BrpoBajskeHHs HaHOMATHITHUX CKJIa0BHX Ha OCHOBI OKCH/IIB 3aJ1i3a MOXKE SAKICHO 3MIHUTU CTPYKTYPY
i TapaMeTpy MOPUCTUX MaTepiaiB, 0 BUKOPUCTOBYIOThCS Y (DiTBTPYBATBbHUX MPUCTPOSIX. TeXHOJIOTIi 3MiHN IIMX TTapaMeTpiB
B YMOBAX /lii Mar"iTHOTO I10JISI He iCHYE.

Marepiaum i MeToiu. BUKkopucTaHo OpuCTi MaTepiasn Ha OCHOBI THOTIOJIYPETAHIB, SIKi HACUYYIOThCS HAHOCKJIA/[OBU-
MU OKCH/IiB /IBOBAJICHTHOTO i TPUBAJICHTHOTO 3aJ1i3a. 3aCTOCOBAHO €KCIICPUMEHTAIbHI METO/IM BUMIPIOBAHHS MarHiTHOI iH-
JIYKIIi1 Ta ITPOILYCKHOI CIIPOMOXKHOCTI IIOPUCTOTO €JIeMEHTY, TEOPETUYHI MEeTO/IM BU3HAUECHHS 3aJI€3KHOCTEN CUJL, 1110 BUHUKA-
I0Th Y MarHiTHOMY TIOJIi, & TAKOK PiBHIHHS Ti/[POAMHAMIKY B KaHAIAX.

Peayabsratu. [lopucri dinsrpyBanbii MaTepianu, HaMOBHEHI MAarHITHUMW HAHOCKJIAJOBUMH HA OCHOBI CyMIillli OKCH/IiB
JIBOBJICHTHOTO 1 TPUBAJIEHTHOTO 3aJ1i3a, B YMOBAX /[ii MarHITHOTO IO 3MIHIOIOTh CBOIO CTPYKTYPY. 3allporioHOBaHa CUCTe-
Ma yIpaBIiHHS mapaMeTpamMu (igsTpa, HAMOBHEHOTO MarHiTHUMU HAHOCKJIQZIOBUMH 3 €JIeKTPOMArHiTHUM KOHTPOJIEM, J10-
3BOJISIE PETYJIIOBATH CTPYKTYPHI XapaKTepPUCTUKU (DiJIbTPyBasbHOTO pucTporo. [Ipu 3mini inaykitii MarsitHoro noJs 3 0 10
0,2x10°2 T 3mimHa PoIycKHOT CIIPOMOKHOCTI (bibTpiB migBuiyeTbes B 1,7—1,9 pasu npu 3mini cepeiHbOro giaMeTpy mop
B 1,24—1,17 pasu. 3anpornoHoBaHU TIPUHIIUIT JO3BOJISIE 301IbITYBaTH TIPOIYCKHY CIIPOMOKHICTD (hiTbTpa mpu Horo 3abpy/i-
HEHi, a TAKOXK PEryJII0BATH PO3Mip MOPOXKHIH /IS YTPUMAHHS IIKIZVIMBUX KOMIIOHEHTIB 3a/[aHOTO PO3MIpY.

BucuoBku. /locimkenns 10Besro peaqbHy CIPOMOSKHICTD PETYIIOBATH CTPYKTYPHI TapaMeTpH (ibTpyBaTbHUX TTOPHC-
THX MaTepiasiB 3 /10/[aBaHHSIM MarHiTHUX HAHOCKJIQJ0BUX. ElekTpomMarHiTHe KepyBaHHS J03BOJISIE CTBOPIOBATH 3a/1aHy IIPO-
IIYCKHY CIIPOMOKHICTD (Di/IBTPYBATbHUX €JIEMEHTIB.

Kmouoesi cnosa: ountiienHs pijiH, HAHOMATEPiaiu, TOPUCTICTh, PiIBTPYBAJIbHI €JIeMEHTH.
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