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Abstract. Efficient monitoring of metal-working fluids (MWFs) is crucial to maintaining optimal
machining performance and ensuring the safety and health of workers in the metalworking
industries. Knowledge of the performance of cutting fluids in the machining of various workpiece
materials is very important to improve the efficiency of any machining process. Metal machining
companies using MWS have the opportunity to choose the best product from the wide range
offered, which can differ in physical parameters as it is designed to be best for the selected process.
The unique adaptation to the manufacturing process poses certain challenges in monitoring MWS
quality during machining. The importance of MWS quality is crucial, which can lead to costly
defects and loss of workpieces. The monitoring only by the quality lab sometimes is insufficient.
This article presents the development of a sensor for the indirect monitoring of MWFs, aiming to
provide a cost-effective and nonintrusive solution to assess the quality and condition of these
fluids. The measurement results are compared with those of other emulsion quality control
protocols. Its implementation can significantly enhance the efficiency of MWF management,
leading to improved machining performance, reduced downtime, and enhanced worker safety.
The sensor's nonintrusive nature eliminates the need for frequent manual sampling, reducing costs
and minimizing the environmental impact associated with traditional monitoring practices.
Overall, the sensor described in this article offers a viable solution for indirect monitoring of
MWFs, contributing to the advancement of smart manufacturing and the optimization of
metalworking processes.

Keywords: cutting fluid, metalworking fluids, purification, level contamination measurements,
life cycle management, management, continual measuring.

1. Introduction

Currently, in the engineering industry, many technological processes of metal processing are
impossible without MWFs [1, 2], which contribute to the quality of the processing, and increase
productivity and tool life. Lubrication and cooling enormously affect drill life and machining
quality [3]. Generally, MWFs reduce not only the temperature but also friction between the tool
and the workpiece, extend the useful life of the tool, and improve efficiency and surface quality
[4]. During the machining process, the surfaces of the machine and tool experience high
temperatures, which affect the quality of metal machining [1,5]. The high-pressure cooling supply,
which was delivered to the tool, was facilitated in many metal machining processes of metal
machining [6, 7]. The most common properties of MWFs are high flash point, high heat
absorbency capacity, lubrication, odorless, stability in the required time, sustainability,
environmentally friendly use of resources, and the possibility of regenerating auxiliary materials
[8]. Oil-based MWFs are manufactured to inhibit shale, lubrication, and suspend cuttings [9],
formulated to be pseudoplastic with weak yield stress [10] and withstand thermal damage [11].
The selection of MWFs results in a cooling effect, lubrication, and transportation of the chip
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formed from the cutting zone, or due to the cutting edges of the drill tool, when chlorine or sulfur
additives are necessary to emulsion oils [5]. The machining of hard alloys plays an important role
in the development of new technologies [12, 13]. Effectiveness can be assessed on certain process
parameters such as flank wear, surface roughness, developed cutting forces, and temperature
developed at the tool-chip interface [14]. Several researchers are investigating nanostructured
microfiber structures with nanostructures and have a promising path for the machining industry
[15-20]. Conventional MWFs provide an excellent environment for microorganisms. Hence,
emerging methods for sustainable strategies to reduce MWF can significantly improve
manufacturing processes [21]. Bio-oil as cutting fluids for metal machining have attracted
interest [22].

Most often, there is a problem of compatibility between MWFs and workpiece materials when
new chips appear, shortening the service life of the emulsion, and processes have to be stopped,
increasing costs related not only to the price of the emulsion. Computational MWF dynamic
analysis based on a three-dimensional turbulent model can usually be applied to investigate
cooling possibilities [23]. A. Aggarwal [24] proposed a method to divide limitations for
conventional MWFs. The permeability of emulsion droplets was measured first one hundred years
ago by G. Clowes [25]. M. Abasi [26] represented the review of the emulsion. The emulsion
purification method was proposed by Y. Zelenko [27]. Circulation as a purification method for
MWFs was mentioned by X. Wu [28]. Taking into account the limitations of MWFs and cleaning
techniques, a self-adaptive flow supply system, and an MWF adjustment mechanism can be
applied [28, 29]. The MWFs depend on several factors, including the specific metalworking
process, the cutting speed, the temperature, the material being machined, and environmental
considerations [30, 31]. Identifying the changes that occur in MWFs during operation and the
importance of carefully monitoring these changes. Development of methods for detailed analysis
both on-site and in the laboratory [29, 32, 33].

To understand the complexity of our task, we must mention the difference between a simple
solution with large metal shavings in it and a colloidal structure emulsion with microscopic
particles and distributed colloidal particles. The system we investigate is metal shavings of various
sizes dispersed in an emulsion of two phases liquid (oil in water), the stability of which is ensured
by emulsifiers, and surfactants, and it is a complex phase distribution [34]. Two-phase systems,
suspension, and emulsions are particularly prone to electrostatic charging during mixing [35]. The
rate of particle migration in the electric field is proportional to the electrokinetic potential [36].
With a decrease in charge, the droplets tend to coalesce into a single phase. It is known that the
surface charge depends on the pH of the system and that droplets can be reduced by adding
pH-dependent surfactants. The mixing rate and the mixing time are other important factors to keep
the emulsion stable [37].

The surfactant easily adsorbed at the oil-water interface can dissociate from the emulsion, with
a coalescence destabilizing emulsion [38]. The electrical double layer on the surface is significant
for particle agglomeration [39]. The initial colloidal system emulsion, which during machining,
was transformed into a suspension containing different-sized metal particles. The organic
molecules of emulsion located on the surface of the liquid drop are in contact with molecules of
other phase molecules (water drop, air) that is, they don't have or are “missing” neighbors with
whom they can construct intermolecular attractive interactions, resulting the higher energy in
comparing with molecules that are in the bulk of solution surrounded by similar molecules is
energetically different from that in the bulk [40], [41]. Typical interactions in suspension are the
Derjaguin-Landau-Verwey-Overbeek (DLVO) potential, resulting from the sum of a screened
Coulomb and van der Waals contributions [42], a short-range attraction represented by a square-
well (SW) [43]. Changes in the composition of the colloidal system should be noticeable shortly
before the aggregation of solid particles begins. The measurement of electrical resistance has been
successfully applied in the food industry to measure electrical resistance to evaluate the
emulsifying capacity [44], for asphalt studies [45], in bitumen emulsion [46], at the emulsification
process [47], in oil microemulsions by H. Singh [48]. The droplet size distribution is monitored
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by electrical impedance spectroscopy [49]. The external electric field can break down water-in-
oil emulsions [50]. G. Taylor [51] investigated the electro-hydrodynamics of emulsion droplets in
the electric field. The leaky dielectric model assumes that there is no charge on the net interface
and the electroneutrality of the bulk liquid [52]. The direction of the DC electric field is
proportional to the droplets and their elongation. At the same time, the continuous phase will act
as an insulator between two electrodes [50]. AC, DC, and pulsed DC act by different mechanisms
on emulsion to enhance phase separation by droplet-to-droplet coalescence causing an
agglomeration [53].

The adhesion between the MWFs and the mud is one of the important properties to maintain
stability [9]. Surface active materials producing self-assembled monolayers have catalytic activity
[54] but, in our case, complicated research. Adsorption is a very important interaction between
metal and organic matter, which also affects our proposed quality assessment method [55-57]. The
kinetics of adsorption on a metal electrode are influenced by factors: contact time, temperature,
and concentration [58-61].

The purpose of the study is to develop a method for measuring the degree of contamination of
the coolant, for a simple, but not required, analysis in a quality laboratory, for a quick
determination of the fluid quality suitable for the metal cutting process. The hypothesis of the
study is the possibility of measuring the degree of coolant contamination using electrical resistance
and refractive index. The scientific novelty is the result of the experiment showing the relationship
between the parameters of electrical resistance and the purity of the coolant.

This paper is dedicated to the research and analysis of early liquid pollution detection using
indirect methods.

2. Methodology

Before conducting our measurements, a detailed literature analysis was conducted, and a
comparison with industrial devices for evaluating emulsion quality was obtained. Based on
collected information in publications, and knowledge of fundamental sciences, we conduct
experiments to propose a simple way to instant assessment of metal-cutting emulsion status. The
methodology of our research was to investigate the ability of simple assessment of metal cutting
emulsion quality by application of simple devices and to compare resistance measurements using
two electrode systems prepared from different metals and using a digital multimeter. The
two-electrode system was manufactured for measurements in liquids by multi-meter. For
resistance and all other experiments, the emulsion sample before metal cutting was selected as
“pure” and the sample of emulsion removed from the machine as not suitable for metal cutting
was set as 100 % contaminated, which diluted with deionized water was used for intermediate
measurements. All measurements were performed 3 times to ensure minimal data compliance
analysis. In parallel, we measured parameters of emulsions as usually investigated to submit
emulsion quality status by turbidimetric measurements, conductivity, refractive index, and pH and
optical microscopy of samples. The emulsion samples were taken in workplaces before metal
cutting and after metal processing. The concentration of pollutants was determined using samples
of processed emulsion removed from the machine. The calibration curves are calculated by
measuring pH, resistance, refractive index, emulsion residence time, and turbidimetric
measurements obtained from samples taken in different stages of emulsion quality. The obtained
curves were fitted, and the angle of inclination of the curve was determined for the next
measurements of specifically selected emulsions. Each emulsion from a different manufacturer
requires its calibration curve. To demonstrate the accuracy of our chosen measurement, we
selected emulsions from three different manufacturers from three different workplaces. The main
goal of this paperwork was to investigate the possibilities of testing the quality of the metal cutting
emulsion used using simple methods to reduce the costs of such testing and make it more
accessible for emulsion quality monitoring in the absence of industrial facilities.
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3. Devices for metal-cutting liquid quality investigation

Digital multimeters typically use the constant current method and voltage drop when
conversion from current to resistance. For measurements of resistance in emulsion, the digital
multimeter Vorel was applied with two copper electrodes placed at a constant distance between
them. The electrode system for resistance measurements was made of a dielectric sheet with a
copper coating, where two copper wires were soldered to the copper on the surface. Two separated
plates were created by etching a line about | mm one wide in the middle of the sample for a
constant distance between electrodes. The simple measurement stand is represented in Fig. 1(a).
Before measurement, these prepared electrode system surfaces were cleaned with 1Mol/L KOH
for a few seconds to remove grease and other contamination. The surface was washed in deionized
water and dried. The liquid with different concentrations of emulsion samples was prepared
according to the following procedure: 1 part of the initial liquid mixed with 9 parts of deionized
water, next- 2 parts with 8, etc. Before every measurement, the liquid was shaken manually. The
refractometer was used to measure the optical refractive index (Fig. 1(b)). The acidity or basicity
of the emulsion was investigated by a pH meter (Fig. 1(c)), and the electrical conductivity of the
liquid was measured by a conductivity meter to investigate the ability to transmit electrical charge
in the emulsion (Fig. 1(d). As represented in Fig. 4, our selected pocket devices are a simple
solution to collect additional data in the workplace of metal machining processes.

<) d)
Fig. 1. Simple investigation of emulsion quality: a) simple investigation of liquid by resistance
measurement with the multimeter and two electrodes, b) refractive index measurement
refractometer, c¢) pH meter, d) conductivity tester

All of our represented experiments are aimed at achieving simple metal-cutting emulsion
quality control to tests immediately, not requiring quality laboratory tests, using handheld devices.
We also conducted a second experiment by determining the degree of contamination of the liquid
using the transillumination method. To experiment, a sample of coolant was taken from the
working equipment and then poured into transparent glass containers. For comparison, clean
coolant and distilled water in a separate container were used. The coolant container was placed in
front of the light source. A white screen was placed behind the container on one side and a lux
meter opposite the other to measure light transmission. To quantify pollution, the turbidity
coefficient parameter was used, which was determined by measuring light transmittance. The data
represented in graphs of the change in electrical resistance as a function of measurement time were
plotted. Based on the experimental results, regression equations were compiled, and dependency
graphs were constructed.
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4. Analysis of the liquid refractive index dependence on the pollution level of metalworking
fluid

Usually, emulsions are inspected by centrifugation, measuring Zeta potential, viscosity, vetting
degree, turbidimetric evaluation, FT-IR Spectrometry, and contact angle investigation [62]. Not
all these investigation methods can be applied to drilling emulsions, especially polluted ones.
Oil-in-water emulsion can be investigated on buoyancy and refractive index changes [63]. The
optical refractive index explains the permeability of the material to electromagnetic waves, and
the dependency of the concentration of different materials on a refractive index is a common
research method. The optical refractive index is defined by the formula:

n=./€rphy (1

where n — optical refractive index, €, —relative dielectric permittivity of the material, y,. — relative
magnetic permeability.

The emulsion residence time E(t) can be calculated from the refractive index by converting
to concentration ¢(t) and using a calibration curve [64]:

c(t)
Jy tat

E(t) = )

where t is the time each measured c(t).
5. Analysis of the liquid pollution stages

The analysis of contamination in MWFs involves assessing the presence and levels of
pollutants in these fluids. MWFs can become contaminated with various substances during their
use, storage, and handling, which can affect their performance and pose risks to human health and
the environment. Here is a description of the analysis process for contamination in MWFs.

— Sample collection: Representative samples of MWFs are collected from different points in
the manufacturing process. This includes sampling from fluid reservoirs, sumps, machine tools,
filtration systems, and any other relevant locations. Samples can also be collected from wastewater
discharges or spills of wastewater.

— Physical Examination: The collected samples are visually examined for signs of
contamination, such as discoloration, sedimentation, or unusual odors. The appearance and
physical properties of the fluids are noted, including color, clarity, viscosity, and acidity level.

— Chemical Analysis: Analytical techniques are employed to determine the presence and
concentrations of contaminants in MWFs.

Common contaminants include:

a) Metals: Metal concentrations are measured using techniques such as inductively coupled
plasma mass spectrometry (ICP-MS) or atomic absorption spectroscopy (AAS). Common metals
of concern include lead, chromium, nickel, cadmium, and zinc [65].

b) Organic Compounds: Volatile organic compounds (VOCs) and semi-volatile organic
compounds (SVOCs) can be analyzed using gas chromatography (GC) or liquid chromatography
(LC) coupled with mass spectrometry (MS). These compounds can include hydrocarbons, cutting
oils, coolants, and additives.

¢) Microbial contamination: Microbiological analysis can be conducted to detect and quantify
microbial contaminants, such as bacteria, fungi, and algae, which can degrade the performance
and cause health risks [66].

There are also other methods of MWFs monitoring, one of these is monitoring and predicting
the emulsion stability of MWFs using the salt titration and laser light scattering method [67].

By conducting a comprehensive analysis of contamination in MWFs, industries can effectively
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manage and control the quality of these fluids, minimize risks, and maintain optimal performance
in metalworking processes. Monitoring of MWFs is an important stage in the life cycle of a liquid.
In this article, the method of electrical resistance is proposed to assess the degree of contamination
of MWFs.

Previously, we developed a method to clean the coolant with ultrasound, which showed the
effectiveness of this method.

During the experiment, when exposed to ultrasound directly on the coolant, small black
nodules appeared, which included metal particles, dust, and other debris (Fig. 2(a)).

When exposed to the vessel walls, air bubbles formed next to them, including more metal and
debris than in the previous experiment (Fig. 2(b)). These bubbles rose to the center, creating a
pattern, and gradually a contaminated layer formed at the top of the vessel (Fig. 2(c)).

<)
Fig. 2. Visual representation of MWFs in different stages of status: a) cavitation, leading formation of
small vapor-filled cavities in the liquid, b) coagulation — when chemical destabilization is observed,
c) separation, when stability of emulsion is lost due to large amount of floating metal particles

In Fig. 1(a) is represents the view of the normal MWFs with emulsion droplets distributed even
in the volume of liquid or dispersed liquid. As is represented in Fig. 1(c), the metal particles in
small amounts demonstrate flotation, and when the amount of metal pollution becomes large, the
sedimentation process begins, when aggregated particles of metal with emulsion droplets are
collect on the bottom of the vessel. Based on the results obtained as a result of this study, it became
necessary to develop a new method for determining the degree of coolant contamination, taking
into account the separation resulting from ultrasonic cleaning. In this article, the use of the
electrical resistance method is proposed to assess the degree of coolant contamination.

The initial liquid was investigated under the microscope scanning micro-robotic system. These
micrographs are shown in Fig. 3.

a) b 0)
Fig. 3. Visual representation of different phases in MWFs: a) droplets of oil in the fluid emulsion.
Mag 20%0.40%4, wd1.4; b) metal parts in emulsion, Mag 20x0.40x2, wd 10.4,
¢) contaminations in emulsion Mag 20x0.40%1.5, wd 10.4

As represented in Fig. 3, the oil droplets in the emulsion are separated from each other at a
distance larger than the diameter of the droplet, so it is a stable enough system. The metal
contamination is the fluid’s sharp structure. Hence, the product for investigation contains two
unmixable liquids, solid phase metal cuttings, and gas phase bubbles. In Fig. 3(c) there is a visible
emulsion coalescence effect.
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6. The electrical resistance of emulsion

As aresult of the experiment, it was proved that with an increase in contamination of the liquid
with metal shavings, the electrical resistance changes.

The high electrical conductivity of metals is because they have a large number of current
carriers — conduction electrons formed from valence electrons of metal atoms that do not belong
to a particular atom. An electric current in a metal arises under the action of an external electric
field, which causes an ordered movement of electrons. Electrons moving under the action of the
field are scattered inhomogeneities of the ion lattice (on impurities, lattice defects, as well as
violations of the periodic structure associated with thermal fluctuations of ions). In this case, the
electrons lose momentum, and the energy of their movement is converted into the internal energy
of the crystal lattice, which leads to the heating of the conductor when an electric current passes
through it.

With increasing contamination by metal particles, the conductivity of the liquid increases due
to the large number of charge carriers (conduction electrons) in the metal, which, in turn, reduces
the electrical resistance of the liquid. In this case, the regression equation describes how the
concentration of metal particles in a liquid affects its electrical resistance.

The resistance measurement using a multimeter schematic electrical circuit is represented in
Fig. 4. To conduct the measurement, we selected Al, Cu, and Fe metal electrodes with a surface
area of 50 mm?, the distance between electrodes was 1 mm, and the volume of solution used was
I mL.

1
®)

ol

LB

5
Fig. 4. Resistance measurement visual representation: 1 — multimeter; 2 — connecting wires,
3 — container for liquid; 4 — liquid for measurement; 5 — metal electrodes

Currently, the methods elaborated to divide a pool of samples into calibration and validation
subsets for multivariate modeling gained significant speedup during the last few decades including
methods for selecting samples and parameters for quality parameters [68], [69], including
simulation [70] where uncertainty quantification remains underexplored [71].

To perform an investigation on the dependence of pollution of drilling emulsion on the
measured resistance of liquid, the calibration curve was built (Fig. 5). As represented in Fig. 5, the
differences in resistance in MQ vary from 0.26 to 0.16 MQ. This could be a solution, but the
calibration curve has to be created for each different emulsion by the users themselves.

As it is represented in Fig. 5, the linear trendline corresponds worse to experimental data,
which is generally typical for most electrically conductive solutions measurements. Polynomial
order 2 or quadratic polynomial This means that at least one of the variables should be raised to
two, and the powers of the other variables will be less than or equal to two but greater than —1.

The graph shows how the electrical resistance of the liquid decreases with increasing
contamination by metal shavings. The actual data (marked with dots) are compared with the
predicted values of linear regression (red line), which demonstrates a close linear relationship
between the degree of contamination and electrical resistance for this experiment. The decrease
in resistance is due to an increase in the conductivity of the liquid as the concentration of metal
particles increases since metals contain free electrons that facilitate the passage of electric current.
It was performed an experiment in which the degree of coolant contamination was determined by
light transmission. During the experiment, the degree of MWF contamination was assessed by the
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transillumination method. For a quantitative assessment of contamination, the turbidity coefficient
(T, %) parameter was used, which was determined by measuring light transmission. To analyze
the dependence of the turbidity coefficient on the concentration of contaminants, the linear
regression method is used:

T =aC +b, 3)

where: T — turbidity coefficient (%), C — concentration of contaminants (mg/L), a, b — regression
coefficients.

0.27

y = -8E-06x’ - 0.0002x + 0.2582
R?=0.9842

Electrical resistance, MQ
o
N
[y

0.15
0 20 40 60 80 100
Contamination ratio, %

Fig. 5. Calibration curve for electrical resistivity measurement with polynomial Order 2 trend line
to represent the effect of contamination on electrical resistance of emulsion. The calibration curve
for determination of pollution rate of drilling emulsion by measurement of resistance between
two copper electrodes placed at a distance of 1 mm

The determination coefficient shows a good fit of the experimental data to the linear model
and for the quadratic polynomial (Order 2), which corresponds to other authors’ emulsion
investigations [72-74].

100
90

. y = 0.0048x2 + 0.4736x + 1.4056

-2
70 R*=0.9979

60
50
40

30

Turbidity Coefficient, T (%)

20

10

0 20 40 60 80 100
Contamination Concentration , C (mg/L)
Fig. 6. Investigation of contamination degree of MWFs by turbidimetry. Dependence on turbidity on
contamination concentration dependence curve (a) measurement results and linear fitting,
(b) measurement results and fitting line polynomial Order 2

Fig. 6 represents how the turbidity coefficient varies with the degree of contamination of the
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liquid. The actual data (marked with dots) are compared with the predicted values of the linear
regression (red line), which demonstrates a close linear relationship between the degree of
contamination and the turbidity coefficient. This method is suitable for the presence of a Quality
lab.

7. Measurements of emulsion physical parameters

In our investigation, we selected 3 emulsions from different manufacturers. The refractive
index of the emulsion was measured at room temperature. The refractive index analysis, using a
Fisher Scientific Abbe refractometer, followed a calibration protocol. The specific electrical
conductivity, liquid pH, and resistance 10 times. The samples were shaken before measurements
to distribute solid particles in the solution. The measurements were taken in sequence on the same
day. The error bars are derived from all ten measurements. The measurements performed started
with ‘clean’ samples. After every measurement, especially after contaminated emulsion samples,
the devices were cleaned according to equipment usage procedures specified by the manufacturer.
The results of all selected parameter measurements are represented in Table 1.

Table 1. Results of parameters measurement of different metal-cutting liquids

Emulsion number pH Specific electrical Optical refractive | Resistance,
conductivity, mS cm’! index MQ
No. 1 clean | 8,51+0,15 2,41+0,05 1,3522+0,0005 1,5+0,5
: polluted | 8,67+0,12 3,28+0,1 1,3575+0,002 1,1+0,7
No. 2 clean 9,47+0,1 0,23+0,02 1,3467+0,0002 1,1+0,2
) polluted |  9,39+0,1 0,03+0,01 1,3589+0,001 1,92+0,3
No. 3 clean 9.85+0,14 3.81+0,2 1.3557+0,0002 1,240,05
: polluted |  9.48+0,2 2.49+0,2 1.3563+0,0003 3.62+0,3
Water, deionized 5,55 0.00002 1,3303 1,6=0,01

As it is represented in Table 1, the differences in pH, specific electrical conductivity, and
optical refractive index depend on contamination concentrations, but increasing or decreasing
measured results depends on the electrical conductivity of contaminations. Also, contamination
causes emulsion degradation, so the refractive index may be determined by sampling method,
when naturally near the liquid surface more organic molecules after degradation of emulsion, are
collected. Hence, optical refractive index measurements are complicated by sampling. The
measurement of emulsion pH depends on acidity and degree of dissociation of contamination
material. Hence, it can’t be a proper measurement, because contamination is not always a
dissociable substance. Specific electrical conductivity is facing a similar problem, where the
reduction of the emulsifier is shown, but not other changes in emulsion composition. All these
measurement methods require some preliminary work to create a calibration curve.

The resistance results depend on the metal of the electrodes. We selected 3 emulsions from
different manufacturers to investigate how emulsion composition and different metal-cutting
procedures influence measurements.

As it is represented in Table 2, the results influenced metal surfaces which can be chemically
active- copper (Cu), and chemically inert- aluminum (Al) or aluminum oxide (ALOs). The
processes of electrode-electrolyte surface contact are influenced by the natural properties of the
material nature. Steel is a metal popular in dialectical material tests, but common metals are copper
and aluminum. Comparing the results measured with different metal electrodes is important. The
definition of the electrochemical double layer is essential to understand the measured conductivity
or resistivity under DC [75]. The limiting types in this measurement can be electron transfer,
reactions when some material produces strong bonding with the electrode surface [76]. Hence,
our chosen metals meet all theoretical considerations.

The estimation of errors in resistivity measurement arises because of the type of material
applied for electrodes. The choice of electrode is very important in resistivity measurements.
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Practically, the measurement of contaminated emulsion and clean emulsion by resistance data
corresponds to the stage of emulsion decomposition and metal selected for the electrode. Copper
and iron are metals that can chemically react with hydroxides, electrolytes, and dissociated liquids.
Aluminum has various oxide and hydroxide structures on the surface, but it suffers a decrease in
clean surface area because organic compounds in the emulsion are polar and like all the surfactants
can form a monolayer on all metals.

Table 2. Results of resistance measurement of different metal-cutting liquids using Al and Cu electrodes

Emulsion No and Electrode metal Cu, Electrode metal Al, Electrode metal Fe,

status Resistance, MQ Resistance, MQ Resistance, MQ
1 clean 0,85+0,2 1,5+0,5 1,60,9+0,3

1 polluted 1,194+0,5 1,1+0,7 3.6+0,6
2 clean 0,22+0,1 1,1+0,2 0,3+0,2

2 polluted 0,44+0,2 1,92+0,3 0,9+0,6
3 clean 1,07+0,1 0,15+0,1 1,3+0,55

3 polluted 0,25+0,15 2.56+0,06 0,7+0,4

8. Conclusions

Metal cutting emulsions operate in an environment unfavorable to the structure of metal.
Emulsions used for metalworking are the product of a rapidly changing two-phase system, which
quality must be monitored as frequently as possible. Temperature and metal cuttings destroy small
droplets of emulsion. Substances ensuring emulsion stability have a finite ability to care about the
quality of a product. Due to its purpose in the technology of metalworking and the conditions
under which emulsions are used, the planned replacement does not always correspond to the
approach of economical use of resources. It is very important to notice the time when to replace
emulsion and to avoid major losses. The requirement to control the quality of emulsion has
solutions like industrial devices, but simple procedures are the preferred solution. In this article,
we have presented the development of a sensor for the indirect monitoring of MWFs using a
simple multimeter and a few metal electrodes mounted in a vessel for liquid. The measurement is
based on resistance measurement between two constant distance and constant area electrodes. A
drop of emulsion is sufficient to measure the resistance. The results of our laboratory and lab
testing demonstrate that the developed method is capable of accurate and reliable measurements
compared to conventional manual methods. As with most research data, to assess the quality of
metal cutting emulsion, before the testing in the working place it is necessary to establish the
calibration curve for the specific product. We conclude, that by operating metalworking it is
possible to qualitatively monitor the condition of emulsion status by industrial devices or by
conventional multi-meter with two copper electrodes. Turbidimetric study and resistivity
measurements correspond to quadratic polynomial, which consists of an investigation of other
emulsions according to results submitted in the ScienceDirect source. The measurements of
conductivity, refractive index, pH, and turbidimetric measurements show that the resistance
measurement corresponds to the trends of results obtained by other methods and can be applied to
monitor the state of the emulsion.

Our study offers a cost-effective and non-intrusive solution for MWF monitoring, eliminating
the need for frequent manual sampling and reducing associated production, time, and other costs
and environmental impact. Our proposed tests cannot replace testing by accredited labs, but the
quality of emulsion quality critical changes can be monitored using additional tools in the
workplace to assess the situation. With choosing this additional monitoring, the calibration curve
would have to be created for each specific workplace, emulsion quality, and damages caused to
the emulsion by the work performed with increasing productivity and efficient use of resources.

Our proposed solution to detect emulsion quality by electrical resistance measurement
experienced some challenges. Due to natural processes on metal eclectrode surfaces, the
performance of solution resistivity measurements is complicated by adsorption. Some surface-
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active compounds will absorb onto a metal surface, so drifting in the results in the first few seconds
is inevitable. The advantage of this method is the ability to construct measuring equipment at a
metal cutting site without great expense. The standard multimeter, a few metal strips for
electrodes, and a small container can be elaborated as the emulsion quality device.
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