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Abstract. The article analyzes the alignment of a planned dissertation study
with the new European research paradigm. It explores the possibilities and
prospects of applying innovative methods for cleaning coolant-lubricating
fluids (CLFs) to improve the quality of ground surfaces. The relevance of the
research is emphasized in the context of sustainability, human-centeredness,
and practical impact.
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Introduction

Topicality. Modern mechanical engineering imposes increased
requirements on machining accuracy, surface quality, and environmental
safety of production. Meeting these requirements is impossible without
efficiency control of the condition of cutting fluids (coolants) during grinding
processes [1]. It is well known that during grinding, coolants become heavily
contaminated with fine abrasive and metal particles. These solid contaminants
worsen cutting conditions: they reduce cooling efficiency, accelerate wear of
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the grinding wheel, and deteriorate the surface finish of the work piece [2]. As
a result, surface roughness and waviness increase, tooling and maintenance
costs rise, and the stability of the technological process decreases.

International studies confirm that maintaining coolant in a purified state
significantly improves grinding performance. In particular, the use of clean
coolant promotes process stability, extends the service life of grinding tools,
and ensures higher surface quality of the parts. However, in Ukraine, the issue
of coolant purification has not yet been sufficiently studied experimentally and
has been poorly implemented in production. Existing research is mostly
theoretical, which creates a gap between scientific developments and industrial
needs. Therefore, this work i1s dedicated to applied approaches to coolant
purification and the assessment of their impact on grinding efficiency and
sustainable production indicators.

Object of research. the process of surface grinding of steel parts using
CLFs.

Subject of research: methods for cleaning CLFs from fine dispersed
contaminants.

Purpose of research: development and implementation of CLF cleaning
tools to improve the surface quality of ground parts, reduce tool wear, and
stabilize the grinding process.

The tasks of the research are:

1. Analyze existing methods of CLF processing and cleaning and model
the processes of removing fine-dispersed contaminants.

2. Develop and experimentally test equipment and techniques for CLF
cleaning.

3. Investigate the influence of cleaned CLF on cutting forces, grinding
wheel wear, and surface quality of parts.

4. Prepare materials for the implementation of the research results in
production and intellectual property protection.

Methodology. The research will be conducted using a combination of
theoretical and experimental methods, including literature analysis, laboratory
experiments on CLF cleaning, thermogravimetric analysis of impregnators,
surface profilometry, and acoustic and microscopic analysis of tools and
surfaces.

Discussion. To address the outlined objectives, an experimental study of
coolant purification processes 1s planned, utilizing specially designed
equipment with a multi-stage filtration system. A comparative analysis will be
conducted to evaluate the efficiency of different coolant purification methods
and their impact on tool wear and surface quality. The experiments are
scheduled to be performed on steel samples, with measurements of surface
roughness, coolant contamination levels, and grinding wheel wear intensity
before and after purification.
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Modern industry employs various CLF purification methods, from
mechanical filtration (fabric belt filters) and gravitational or centrifugal
separation (e.g., settling tanks or hydrocyclones) to magnetic separators and
high-precision micro/ultrafiltration [4]. Each technique has distinct advantages
and limitations.

For example, Transor (USA/EU) and Losma (Italy) offer filtration
systems that remove particles down to 1-5 pm, which ensures high machining
quality and extends coolant service life [3][4]. Implementing these high-
precision systems reduces tool wear, stabilizes the grinding process, and lowers
coolant replacement and disposal costs. European industry experience
indicates that investments in efficiency filtration pay off through reduced
machine downtime and savings on tooling and coolant.

Scientific studies also underscore the importance of maintaining high
coolant cleanliness. Fine abrasive particles recirculating in contaminated fluid
degrade grinding performance: they cause micro-scratches on workpiece
surfaces, clog the grinding wheel’s pores, increase surface roughness,
accelerate tool wear, and destabilize machining conditions [2]. By contrast,
using purified coolant improves heat dissipation in the cutting zone and
stabilizes the process, thereby reducing the risk of thermal damage. Clean
coolant also maintains a more stable friction coefficient and provides better
lubrication, which lowers cutting forces and reduces the need for frequent
wheel dressing. Consequently, machining accuracy and surface finish improve
while defect rates decrease.

Future gains can be achieved by integrating innovative techniques into
CLF management. One approach is to combine multi-stage filtration with
continuous coolant monitoring. Installing particle or turbidity sensors in the
circulation loop enables real-time contamination tracking and timely filter
regeneration or replacement. Another innovation is impregnated abrasive
tools—grinding wheels embedded with solid lubricants such as graphite,
molybdenum disulfide, or waxes. These self-lubricating wheels prevent chip
adhesion, thus reducing fine particle generation and wheel clogging [6]. A
combined strategy incorporating multi-stage filtration, ‘“self-cleaning”
impregnated wheels, and real-time coolant monitoring is expected to maintain
a higher level of coolant cleanliness and process stability over extended periods
than any single method alone.

Correspondence to New European Research Paradigm:

Sustainability (economic—ecological-social). CLF cleaning contributes
to sustainability by reducing water and chemical use, minimizing hazardous
waste, and improving energy efficiency. Economically, it extends fluid service
life and reduces tool wear, cutting costs. Ecologically, it lessens burdens on
wastewater systems and lowers harmful emissions. Socially, it improves
workplace safety and helps meet EU environmental standards.
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Human-centered — Wellbeing. A cleaner production environment
reduces operators’ exposure to harmful aerosols and chemical residues. Lower
noise and vibration during grinding improve worker comfort and decrease the
risk of occupational illness. Maintaining clean, controlled conditions in the
workplace thus promotes employee well-being and fosters a culture of safe,
ergonomic manufacturing.

Impact-oriented — Multi-agent/Sector/Disciplinary Co-Creation. This
project exemplifies a co-creation model bringing together researchers,
equipment manufacturers, and industry. Such multi-sector partnerships
facilitate knowledge exchange and ensure that scientific results are translated
into practice.

Conclusions. The planned research has significant potential to enhance
the efficiency of grinding processes and aligns with the priorities of the new
European research paradigm. It is expected that the implementation of
advanced coolant purification systems, combining multi-stage filtration and
impregnated abrasive tools, will significantly improve the surface quality of
machined parts, reduce tool wear, and increase process stability. Compared to
traditional coolant purification approaches, the proposed integrated method is
intended to ensure a higher level of coolant cleanliness, more efficient resource
utilization, and safer working conditions for operators. The innovative aspect
of the approach lies in the integration of existing technologies with new
solutions, fully consistent with the strategic goals of sustainable development,
human-centered orientation, and the practical value of the results. The
preliminary results obtained provide a solid foundation for further optimization
of the filtration system, quantitative assessment of the economic and
environmental impact, and adaptation of the developed technologies for
implementation in Ukrainian industry.
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Abstract. This work focuses on the development and investigation of new
functional nanomaterials in the form of thin-film coatings based on
nanocrystals, quasicrystals, and approximant phases (1/1, 2/1) in the Ti-Zr-N1
system. Special attention is given to the study of mechanical properties and
potential applications of these coatings in hydrogen energy, aviation
technology, and nuclear fusion energy.
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Introduction. The creation of new functional nanomaterials is a
fundamental scientific problem of global significance. Of particular interest
are quasicrystals — a novel class of metallic materials that are actively studied
by researchers worldwide. Their unusual atomic structure results in numerous
anomalous and unique physical properties that differ significantly from those
of conventional metallic alloys.

Materials and Methods. This study investigates thin-film coatings
based on Ti-Zr-Ni system phases, specifically nanocrystalline,
quasicrystalline, and approximant phases of the 1/1 and 2/1 types. Modern
thin-film deposition techniques, structural analysis methods (X-ray
diffraction), and testing for hardness, wear resistance, and thermal stability
were applied.

Results and Discussion. Ti-Zr-Ni alloys have demonstrated their
efficiency as hydrogen storage materials. They are capable of storing
hydrogen in solid solution form at concentrations up to 2 hydrogen atoms per
1 metal atom. Preliminary studies of mechanical properties have shown the
promising performance of coatings based on the quasicrystalline Ti-Zr-Ni
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