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Llenvto oannoii padbomul aaaemca uccnedo8anue GU3UKO-XumMuuecKux u AHMUKoOppo3u-
onnbix ceoiicme Gelltex - 430 - o0ocmemueaemoii cmazouno-oxnaxcoarouieil 3HcuOKOCMU Ha oc-
HO8€ NOGEPXHOCMHO-AKMUGHBIX 6eujecme. Komnozuyua npeonaznauena 011 cMAa3vl@anus u
OXTIANHCOCHUA J1€36UIl HONCHUY KANeNbH020 numamensa cmexaogopmupyroujux mauwiun. Ona co-
oeporcum MUHepaiIbHble U pACHUMmEeIbHble MACTd, IMYIb2AMOPbl U UHZUOUmMOpL Koppo3uu. Cma-
304HaAA KOMRO3UUUA 3amedisem Koppozuw ovicmpopexcywien cmanu P6M5 ¢ neiimpanvhoit
cpeoe ¢ 3auumnovim Iphexmom 00 88% u umeem anoOHbIL MEXAHUIM UHZUOUPOBAHUS KOPPO3UU,
m.e. 3ameoiiien aHOOHYI0 RAPUUATLHYI0 KOPPO3ZUOHHYI0 DeaKuuto (OKUCIeHUue Memasiia) u cmu-
Mynupyem KamooHyo RapyuaibHy0 peakyuio (60CCMaHos1eHUe OKUCTUMEbHbIX KOMNOHEHM 08
KOppO3uoHHOIL cpedbl - Oenoaapuzamopa). Hcnonvzosanue 0aHHOU cCMA3KU 6 KUCO0I cpede A6~
emca HexcenameabHbIM, HOCKOTIbKY OHA MOJCEm Gbl36amp OXPYRUUGAHUE CINAIU 3a CYenm HABO-
ooposxcusanus. Cmaszka cnocobna K 06paA306aHUI0 PAZHBIX MUNOE MUUENT, YMO 00bACHACMCA
Hanuyuem 08yx 2OpuU30OHMAIbHBIX YUACMKOE HA U30MepMe NOGEPXHOCHHO20 HAMANCEHUS ee 800-
H020 pacmeopa. HU3zmenenue hopmol Muyens Moxcem no6AUAMs HA AHMUKOPPOZUOHHbIE CEOlI-
CMea CMa3Ku, WMo ROOMEEPHCOAencs pe3yibmamamnu 2pasumempuieckux uchoimanuii. Onmu-
ManvHoe pabouee pazbasienue 011 0annoii cmasxku cocmaeisaem 1:800, npu smom menvuee pasz-
Oasnenue modricem ymMeHbUUMb ee AHMUKOPPO3ZUOHHBLI Ihexm. /Kenamenvho, umoovl ouana-
30H pabouux pazéaeienull CMA3KU HAXOOUICA 8 nNpedenax 20PU3OHMAIbHOZ0 YUACMKA HA U30-
mepme nogepxHoCmHuo20 HamaxceHus. CMA3Ka CROCOOHA K 63AUMOOCICINEUIO C UOHAMU KATTbUUA
(803M0d4cHO, NymeM KOMNAEKCO00pa306anus uiu o0pa3oeanus 0caoKkos), Yumo 0Zpanuuueaem ee
HpUMEHEHUe 8 HCECMKOIl 800€ — CTUUIKOM GbICOKAA KOHUEHMPAUUA UOHO8 KATIbUUSA 6 600€ MO-
JHcem U3MeHUms ee CImpyKmypy u aHmMUKoppo3uoHHble Ceolicmad.
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The aim of the work is to research physico-chemical and anti-corrosion properties of sur-
factants-based water-miscible cutting fluid Gelltex G-430. This cutting fluid is designed for lubri-
cating and cooling of drop feeder scissors of glass-forming machines. It contains mineral and veg-
etable oils, emulsifiers and corrosion inhibitors. The cutting fluid slows the corrosion of the high-
speed steel P6MS5 in a neutral medium with a protective effect up to 88%. The cutting fluid demon-
strates anodic mechanism of corrosion inhibition. It slows anodic process (oxidation of the metal)
and stimulates cathodic process (reduction of the corrosive medium). Therefore, use of this lubri-
cant in acidic media is undesirable because it can cause hydrogen accumulation in the steel and
embrittle it. In a water solution, the lubricant builds different types of micelles, which is explained
by two horizontal sections on the surface tension isotherm. Change in form of the micelles can
affect the anti-corrosion properties of the lubricant. It is confirmed by gravimetric tests. The opti-
mum dilution for this cutting fluid is 1:800. A lower dilution can worsen its protective effect. The
range of recommended dilutons of the lubricant should be within horizontal sections on the surface
tension isotherm. The lubricant is able to interact with calcium ions (probably building complexes
or forming precipitates) and it limits its use in a hard water — a too high concentration of calcium
ions in the water can change the structure and anti-corrosion properties of the lubricant.
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INTRODUCTION

Cutting fluids are designed to reduce wear and
heating of steel tools in the processing zone. A lot of
cutting fluids are used in the technology. Mineral, veg-
etable and synthetic oils [1] are, as a rule, the main
component of oil-based cutting fluids. Cutting fluids
reduce friction and wear, they inhibit corrosion, create
a protective film, and prevent the growth of bacteria
that can destroy the metal [2]. Water-miscible lubri-
cants always contain emulsifiers contributing to the
formation of oil-water emulsion. Various additives are
used to improve the properties of the lubricant: emul-
sifiers, foaming agents, bactericides [1-4]. There are
also some water-based lubricants which do not contain
oils and contain only water and anti-friction additives
[5-7].

Cutting fluids reduce financial losses from
metal wear, so elaboration of new cutting fluids is a
promising task. The basic requirements for cutting flu-
ids are efficiency, low consumption, easy disposal [8-10],
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cheapness (it is desirable to use secondary raw materi-
als for producing cutting fluids [11-14]). The toxicity
of cutting fluids must be as low as possible. According
to several studies, some lubricants can cause allergic
reactions and lead to oncological diseases [1, 10].

Anti-corrosion properties of the lubricant are
important [15]. They are crucial, for example, for
mechanisms operating at high temperatures or in an ag-
gressive medium. The anti-corrosion effect of the lub-
ricant can be achieved by adding corrosion inhibitors
to the composition [16]. As a rule, corrosion inhibitors
are surfactants that change the electrochemical poten-
tial between the metal and the corrosive medium [17].
Emulsifiers the lubricant contains can simultaneously
act as corrosion inhibitors.

They need to take into account that the corro-
sion mechanism may change during the operation of
the tool. For example, scissors of feeders of glass-
forming machines come into contact with glass mass,
which can reach a temperature of 1250 °C [18]. The
scissors are lubricated with an emulsion of a water-
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miscible cutting fluid. Prior to the contact with molten
glass, corrosion of wet scissors occurs by an electro-
chemical mechanism. When the scissors contact with
the glass, their temperature rises sharply, the emulsion
dries up, and a layer of lubricant remains on the scis-
sors. Corrosion mechanism, thus, changes [19].

When designing a lubricant, it is important to
consider the nature of the corrosive medium in which
they are to be used. Often, tap water is used as a solvent
for the cutting fluid. Tap water contains calcium, mag-
nesium and other ions. Metal ions and the lubricant can
interact with each other. The lubricant can build com-
plexes with metal ions, form a precipitate or the struc-
ture of the micelles can change. These transformations
can decrease the anti-corrosion effect of the lubricant.
Manufacturers often note the maximum water hardness
allowable for a cutting fluid [20, 21]. Catalytic activity
of the metal surface must also be taken into considera-
tion - chemical transformations are possible when the
cutting fluid is applied to it [22]. It is a promising idea
to use some additives which can bind metal ions into
lasting complexes because precipitation of salts on the
sheers reduces their life time.

For water-miscible cutting fluids, it is im-
portant to accurately determine the operating concen-
tration. If the concentration of the surfactant in the
emulsion is too low of too high, the anti-corrosion ef-
fect can decrease. The surfactants the cutting fluid con-
tains are characterized by the critical micelle concen-
tration (CMC), at which the surfactant begins to build
micelles. CMC can be changed by introducing various
additives to the composition [23, 24]. Determination of
the CMC is especially important if the lubricant con-
tains only surfactants and does not contain oils. CMC
of a mixture of n surfactants is determined by the addi-
tivity rule [25]:

CMCppizeure = CMCy * Ny + CMC, -

“Ny+...+CMC,, - N, 1)
where CMC;, CMC, and CMC, are critical micelle
concentrations of each surfactant;

N1, N2, N, — their mole fractions.

This work is devoted to the study of oil-based
water-miscible cutting fluid Gelltex-430 [26]. This cut-
ting fluid is used for lubrication and cooling of shears
of drop feeders of glass-forming machines. It is based
on mineral oils and also contains surfactants, corrosion
inhibitors and bactericides. The effect of the cutting
fluid on the corrosion of high-speed steel P6M5 in neu-
tral medium was investigated in the work. The steel has
the following composition (%) [27]: C —0.82-0.9; Si —
up to 0.5; Mn —up to 0.5; Ni —up to 0.4; Cr — 3.8-4.4;
Mo —4.8-5.3; W-5.5-6.5; V - 1.7-2.1; Co—up to 0.5;
S —upto 0.025; P —up to 0.03.
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Here are listed the physical and chemical prop-
erties of the lubricant which we are studying in this re-
search:

1. Surface tension of aqueous emulsion — c.

2. Possibility of interactions between the lubri-
cant and the corrosive medium.

3. Protective effect y of the lubricant which is
the ratio of corrosion rate without lubricant to the cor-
rosion rate in presence of lubricant.

4. Effect of the lubricant on partial corrosion
reactions (oxidation of the metal and reduction of the
depolarizing agent — oxidizing component from the
corrosive medium).

EXPERIMENTAL PART

To plot surface tension isotherm, we prepared
aqueous solutions of the cutting fluid with dilution
ranging from 1:200 to 1:1500 and with a step of 1:100.
The surface tension ¢ of these solutions was deter-
mined by the hanging-drop method using the Kruss
DSA25E device. We plotted a ¢ - C graph where C is
the volume concentration (dimensionless) of the lubri-
cant and o is the surface tension. The experiment was
repeated after 24 h. Consumers of the lubricant do not
always use the emulsion immediately after preparation,
S0 it's important to study its state some time later after
preparation.

To detect interactions between water hardness
ions and the lubricant, we measured the dependence of
electrical conductivity on the concentration for cal-
cium chloride and the cutting fluid. Conductivity was
measured using "Anion-4100" conductometer. The
time required for reaching an equilibrium state was
3 min. Solutions were prepared on bidistilled water us-
ing "chemically pure" grade reagents. Initially, we
measured electric conductivity for each of the sub-
stances separately. Then, we mixed the solutions of
these substances in certain proportions and measured
electric conductivity for obtained mixtures. We plotted
graphs for the dependence of Ak on the composition of
the mixture (Ax = KX - Kmixwure, Where kX is the sum of
the electrical conductivity of the complementary solu-
tions, Kmixwre IS the electrical conductivity of their mix-
ture). If there is a peak on the plot, it means that the
lubricant can interact with calcium chloride building a
complex or forming a precipitate.

The inhibiting effect of the cutting fluid was
determined by gravimetry method, according to GOST
9.506-87 [28]. For gravimetry tests, we used flat sam-
ples with dimensions of 30x20x2 mm, made of steel
P6M5. Before testing, the samples were treated with
sandpaper, degreased with acetone, rinsed with dis-
tilled water, dried and weighed on analytical scales
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with a precision of 0.0001 g. Further, the samples were
put into solutions imitating the corrosive medium - tap
water. The composition of the corrosive medium is
presented in Table 1. The lubricant was added to the
corrosion medium, in volume proportions of 1:1000,
1:800, 1:600. The solutions were thermostatized, the
temperature of the experiment was 40 °C. After a cer-
tain period of time, the samples were removed from the
solutions, rinsed with distilled water, cleaned from cor-
rosion products, degreased with acetone, dried and
weighed again. The corrosion rate was calculated by
the formula:

K= )
where K is the corrosion rate (g/m?-h); Am — mass dif-
ference of the samples before and after the test, g; S —
surface of the samples, m?; t — time of experiment, h.
Protective effect and inhibition coefficient

were calculated by formula:
z =57 1009, 3)
1

where K; is the corrosion rate in an uninhibited me-
dium, g/m?-h; K, — corrosion rate in an inhibited me-
dium, g/m?h.

Table 1
Composition of the corrosive medium (based on dis-
tilled water)
Taonuya 1. CocTtaB KOPPO3MOHHOII cpelibl (OCHOBA — 1M~
CTUVIMPOBAHHAasA BO}Ia)

Component Contain, mg/l
NaCl 37
Ca(OH). 9.25
H>SO,4 14.5
FeSO47H,0O 7
NaHCO; 361

To estimate the influence of lubricant on the
cathodic and anodic partial reactions, we used the po-
larization curves method. Potentiodynamic curves
were obtained using an IPC-pro potentiostat with po-
tential change rate of 0.02 mV/s. We used silver chlo-
ride electrode as reference electrode and platinum elec-
trode as auxiliary electrode. All the potentials in this
article are referred to the silver chloride electrode. The
temperature of the solutions was 313 K. The composi-
tion of the corrosive medium was the same as for gra-
vimetry tests.

The electrochemical inhibitory effect of the
lubricant was determined as the ratio of polarization
resistances for the "idle" experiment (without lubri-

cant) and for the experiment with lubricant:

y = —2 4)

Ry (idie)
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where Rp is the polarization resistance of the corrosion
process in presence of lubricant, Rp (idle) is the polar-
ization resistance of the "idle" experiment.

The inhibition factors of partial reactions ya, yc
(anodic and cathodic reactions, respectively) were de-
termined as the ratio of current densities in uninhibited
and in inhibited solutions:

l(idle
Vae =72 (5)

where iaee) IS the current density for “idle” experiment,
i is the current density for the experiment with lubri-
cant. For the anodic reaction, we selected current den-
sity at -0.35 V, for the cathodic reaction — current den-
sity at -0.55 V.

RESULTS AND DISCUSSION

1. Lubricant aggregation into micelles.

Fig. 1 shows plots of the "surface tension —
concentration” dependence. The surface tension iso-
therms have horizontal sections. Within limits of these
horizontal sections, micelles of specific kind are
formed.

G, UN/m
50

45

40

35

30

25
0.002 0.003

C. dimensionless
Fig. 1. Dependence of the surface tension on the volume concen-
tration of the solution (exposure time is 1 h and 24 h after prepa-
ration); 1 — exposure 1h, 2 — exposure 24 h
Puc. 1. 3aBUcHMOCTh MOBEPXHOCTHOTO HATSDKEHHUS OT 00BEMHOM
KOHIIEHTpallUU pacTBopa (BpeMs BbLIepKkH | 4 1 24 4 nocne
IPUTroTOBJIEHUs); 1 — BBIAEpkKKaA 1 U, 2 — BBIIEpXKKa 24 4

0 0.001 0.004 0.005

Dilution ranges in which the surface tension of
the lubricant emulsion remains constant are:

- 1:1300 - 1:700 for exposure time of 1 h;

- 1:1200 - 1:900, 1:600 - 1:200 for exposure
time of 24 h.

It is possible to assume the existence of two
types of micelles because surface tension isotherms
have two horizontal sections. In 24 h after preparation,
the cutting fluid reduces the surface tension of water to
a greater extent than in 1 h after preparation. Perhaps a
lower surface tension means a better lubricity [29].
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The operating concentration of the lubricant
should be within a horizontal section on the surface
tension isotherm. In this case, some errors made while
preparing the emulsion will not significantly affect the
protective effect of the lubricant because the form of
micelles and their way of adsorption on the metal sur-
face will not change significantly if the concentration
is changed.

2. Study of interactions between lubricant and
metal ions.

Fig. 2 shows plots of dependence of change in
specific conductivity Ak on the volume of salt solution.
The total volume of salt solution and of distilled water
added to it is 25 ml. There is a peak on the plot we
obtained. Presence of this peak means that the lubricant
can interact with calcium ions.

—
=1
(==

90
80
70
60
50
40
30
20
10

AK, pS/cm

0 4 8 12
V. ml
Fig. 2. Dependence of change in conductivity Ak on the volume
of added salt
Puc. 2. 3aBUCHMOCTD H3MEHEHUS IEKTPOIPOBOTHOCTH AK OT
oObeMa J100aBJICHHOH coyn

e 20 24

3. Gravimetric tests.
Results of gravimetric tests are presented in
Table 2.

Table 2
Results of gravimetric tests
Tabnuya 2. Pe3yabTaThl IPABUMETPUYECKHAX UCIIBITAHMIA

Dilution Protective effect Z,% after exposure time, h
3 7 12 18
1:1000 32.43 60.94 65.16 63.50
1:800 57.08 71.59 68.19 84.40
1:600 65.03 88.45 72.22 72.68

The highest protective effect of this cutting
fluid is obtained after 18 h with a dilution of 1:800. At
a higher dilution, the concentration of micelles in the
solution decreases and the protective effect decreases.
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At a lower dilution, other types of micelles are formed
(see Fig. 1) and the protective effect also reduces.
Thus, a too high concentration of the lubricant is harm-
ful, it can worsen the anti-corrosion properties of the
lubricant. The optimum dilution for this lubricant is
1:800.

4. Electrochemical tests.

Polarization curves are shown on Figs. 3, 4.

-35 -3 -25 -2 -15 -1 -05 0 05
lg i. (i. A/cm?)
Fig. 3 Polarization curves for P6MS steel in the corrosive me-
dium: 1 —no lubricant, 2 — 1:1000 dilution
Puc.3. Ilonsgpuzanuonssle kpuBsble uid cTanu P6MS B koppo3u-
OHHOI cpenie: 1 — 6e3 cMazku, 2 — 00beMHOE pa30aBiIeHNE CMa3KU

1:1000
EV
) /
0.2 /{"
g, o R
................... /
04 | T
e
-0.6 Ry
\-
%
%
-0.8 %,
%,
%,
23 <,
A",
%
\
<12
A5 B A28 48 15 < 0% 0 08

lg i. (i. A/cm?)
Fig. 4. Polarization curves for P6MS5 steel in the corrosive me-
dium: 3 — 1:800 dilution, 4 — 1:600 dilution
Puc. 4. [TonsgpuzaiyionHsle KpuBble 114 cTaau P6MS B kopposu-

OHHOI cpene: 3 — pa3zdasienue cmaszku 1:800, 4 — pa3baBneHne
1:600

We calculated inhibition factors for anodic and
cathodic reaction at potential values E = -0.35 V and
E = -0.55 V, respectively. These values are presented

43



A.C. KoloKoJIbHUKOBA H .

in Table 3. Inhibition factor of the cathodic reaction is
lower than 1, it means that if the potential value is
shifted to the cathodic domain of the polarization
curve, the rate of the cathodic process increases.

Table 3
Inhibition factors for partial corrosion reactions
Tabnuya 3. KodppnuueHThI TOPMOKEHHs NapUHAJIb-
HBIX KOPPO3HOHHBIX peaKuuii

Inhibition factor| Inhibition fac-
I Inhibition |for anodic reac- |tor for cathodic
Dilution . .
factor y tion by reaction by
E =-0.35V E =-0.55V
1:1000 1.61 9.3 0.13
1:800 1.70 5.81 0.21
1:600 1.65 15.5 0.13

Thus, this lubricant has an anodic mechanism
of corrosion inhibition. Use of anodic inhibitors in
acidic media is undesirable because it can lead to the
embrittlement of metal due to hydrogen accumulation
in it. Moreover, anodic inhibitors can increase the cor-
rosion rate by certain concentrations [30].
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CONCLUSIONS

Cutting fluid Gelltex G-430 is an efficient cor-
rosion inhibitor for high-speed steel in neutral media.
However, consumers of this lubricant should use it
strictly following the manufacturer’s instructions. This
lubricant has an anodic mechanism of corrosion inhi-
bition, so use of this lubricant in acidic media or at a
too high concentration can reduce its anti-corrosion ef-
fect. The optimum dilution for this cutting fluid is
1:800. Consumers should also control the hardness of
the water which is used for preparing lubricant emulsion
because the lubricant can interact with calcium ions and
a too high concentration of these ions is undesirable.

The research was supported by the Perm Re-
search and Education Centre for Rational Use of Sub-
soil, 2021.

The authors declare the absence a conflict of
interest warranting disclosure in this article.

Hccnedosanue evinonneHo npu noooepoicke
Tlepmcroco Hayuno-obpazosamenbHoO20 YeHmpa payu-
OHANbHO20 Hedponoav3osanus, 2021 a.

Aemopbl 3aa615ai0m 06 omcymcmeuu KOH-
@auxkma unmepecos, mpedyroue2o packpvimus 8 0aH-
HOlU cmambe.

REFERENCES

1. Wickramasinghe K.C. Green Metalworking Fluids for sustain-
able machining applications: A review. J. Cleaner Prod. 2020.
V. 257. P. 120552. DOI: 10.1016/j.jclepro.2020.120552.

2. Galkin M.L., Manohina N.G. Innovative corrosion inhibi-
tor for water and emulsion systems. Bezop. Tr. Prom-sti.
2017. N 9. P. 37-45 (in Russian). DOI: 10.24000/0409-2961-
2017-9-37-45.

3. Gurbanov G.R., Adygezalova M.B., Pashaeva S.M. Study
of a universal combined inhibitor for the oil and gas industry.
ChemChemTech [lzv. Vyssh. Uchebn. Zaved., Khim. Khim.
Tekhnol.] 2020. V. 63. N 10. P. 78-89 (in Russian). DOI:
10.6060/ivkkt.20206310.6063.

4. Cambiella A., Benito J.M., Pazos C. The effect of emulsi-
fier concentration on the lubricating properties of oil-in-wa-
ter emulsions. Tribol. Lett. 2006. V. 22. P. 53-65. DOI:
10.1007/s11249-006-9072-1.

5. Chen W. Macroscopic friction studies of Alkylglucopyra-
nosides as additives for water-based lubricants. Lubricants.
2020. V. 8. N 1. P. 11. DOI: 10.3390/lubricants8010011.

6. Benedicto E. Formulation of Sustainable Water-Based Cutting
Fluids with Polyol Esters for Machining Titanium Alloys. Met-
als. 2021. V. 11. N 5. P. 773. DOI: 10.3390/met11050773.

7. Winter M., Bock R., Herrmann C. Investigation of a new pol-
ymer-water based cutting fluid to substitute mineral oil based
fluids in grinding processes. CIRP J. Manufact. Sci. Technol.
2013. V. 6. N 4. P. 254-262. DOI: 10.1016/j.cirpj.2013.07.003.

8. Manvelov AN. Ponomarev A.Ya., Shmyrev V.l
Shmyrev D.V., Bulaev V.A. Comparative analysis of eco-
logical safety and exploitation characteristics of cutting fluids.
Chelovecheskiy Kapital. 2017. N 1. P. 72-75. (in Russian).

W3B. By30B. XuMus u xuM. TexHonorus. 2022. T. 65. Beim. 4



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Kacarkuna M.B., 'opoxos M.B., UBanos C.1O., Maypun
I'.A., ABanoB B.H. Ecmu He MbI, TO kT0? (OmBIT paspa-
GOTKM M MPOU3BOJICTBA YHUBEPCATBHOTO, YKOJIOTHIECKH UH-
croro COTC). Memannoobpabomxa. 2001. Ne 3. C. 50-51.
Katna R., Suhaib M., Agrawal N. Nonedible vegetable
oil-based cutting fluids for machining processes—a re-
view. Mater. Manuf. Process. 2020. V. 35. N 1. P. 1-32.
DOI: 10.1080/10426914.2019.1697446.

Epmaxos C.®., llyabasikos P.A., Ilapkanos B.I1., My-
asipuuk B., Koncrantunos B., lanumesckuii B. Antu-
(pUKIMOHHBIE MIACTUYHBIE CMAa3KH Ha OCHOBE HMPOMEXKY-
TOYHBIX HPOJYKTOB MepepadoTKu HEPTH U KUIKOKPUCTAII-
JIYecKux coeguHeHuil. Tpenue u usnoc. 2008. T. 29. Ne 1.
C. 92-102.

I'puropos A.B. IlonyuyeHue NIACTUYHBIX CMa30K IIyTEM
TEePMHUYIECKOHN JECTPYKLUH OTPabOTaHHBIX Macel. JKon02us
u npom-cmo. 2019. Ne 2. C. 70-76. DOI: 10.35477/2311-
584x.59.70-76.

Octpukos B.B., Tynoruinos H.H., Marbiuus I'. /L., 3umMun
A.I'. Cma3ouHble MaTepHaibl U3 PaCTUTEIBHBIX Macell U MX
0TX0J0B. Texnuka u o6opydosanue ons ceaa. 2010. Ne 2.
C. 24-26.

Memepsiko C.B., Epemun U.C. Hedreconepxamme ot-
XOJIBI KaK MOJIC3HBIN pecypc. Duepeem. noaumuxa. 2020. Ne 6.
C. 88-95.

Aunexcanapos A.FO., Koporaes /.B., Jlansxun H.B.,
Hazapenko E.C. O0 aHTUKOPPO3HOHHBIX U (U3HMYECKUX
CBOMCTBaxX 00pa3IOB HEKOTOPBIX OPYKEHHBIX Macel. TexH.
nayku. 2020. Ne 4. C. 280-285.

Pymsinuesa H.IL., beaosa B.C., Baamacos A.B. Vccneno-
BaHHE BIIMSHUS a30TCO/EPIKAIIETO HHTHONTOPa Ha KOPPO3H-
OHHYIO CTOMKOCTh KOHCTPYKLIMOHHBEIX CTaneil. /36. 8y308.
Xumust u xum. mexnonoaus. 2020. T. 63. Beim. 11. C. 65-70.
DOI: 10.6060/ivkkt.20206311.6222.

Ko3znosa JI.C., Cuduiena C.B., Yecnoxos /I.B., KyTsipeB
A.E. Nuruburops! xopposuu (0030p). Asuay. Mamep. u
mexnon. 2015. Ne 2 (35). DOI: 10.18577/2071-9140-2015-0-
2-67-75.

Tepemenko U.M. OGopymoBaHHE CTEKOJBHBIX IPOU3-
BoactB. Munck: BI'TY. 2010. 111 c.

CemenoBa U.B., ®aopuanosuyu I'.M., Xopommnios A.B.
Kopposus u 3amuta ot xopposuu. M.: DUSMATIINUT. M.:
2002. 336 c.

AIMOL GLASSTECH COOL BIO. Cutting fluid for glass
drop feader scissors (n.d.). Retrieved October 22, 2021 from:
https://aimol.ru/catalog/stekolnaya-promyshlennost/glass-
tech/aimol-glasstech-cool-bio-/.

Biosol RCAM Synthetic oil (n.d.). Retrieved October 22,
2021 from: http://glasslub.ru/catalog/p/64-biosol-rcam-sin-
teticheskoe-maslol.

Jlateimes B.H., HaymoB A.I'. MexaHusM paauKalbHO-
LETMHBIX PEaKIUil IpH Je3BUHHON 00paboTKe MeTaioB. Me-
mannoobpabomka. 2009. Ne 3. C. 8-16.

Hluaosa C.B., ®ananeea T.C., TperbsikoBa A.fl., bapa-
0anoB B.Il. Bimsaue npomaHona-1 Ha MHIEIIO00pa3oBa-
HHE aJIKHIICYIb()aToB HATPHsI B BOAHBIX PAacTBOpax. Becmu.
Kaszan. Texnon. Yuue. 2014. T. 17. Ne 11. C. 57-60.
Baxkeesa P.®., Pazuna U.C., 3akuposa I'.A., Bapa6anos
B.I1., Comnn B.®. Ananu3 GpakTopoB, BIUSIONIMX HA KPH-
THUYECKYI0 KOHICHTPAIWIO MHIEINIO00pA30BaHUS C ITOMO-
HIbIO IPUYMHHO-CJICICTBEHHON AuarpamMmbl. Becmu. Kasan.
Texnon. Ynue.2012. T. 15. Ne 5. C. 17-22.

ChemChemTech. 2022. V. 65. N 4

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

A.S. Kolokolnikova et al.

Kasatkina M.V., Gorokhov M.V., lvanov S.Yu., Maurin
G.D., lvanov V.N. If not we, then who? Experience of elab-
oration and production of a universal and ecologically clean
cutting fluid. Metalloobrabotka. 2001. N 3. P. 50-51 (in Russian).
Katna R., Suhaib M., Agrawal N. Nonedible vegetable
oil-based cutting fluids for machining processes-a re-
view. Mater. Manuf. Process. 2020. V. 35. N 1. P. 1-32.
DOI: 10.1080/10426914.2019.1697446.

Ermakov S.F., Shuldykov R.A., Parkalov V.P., Mul-
yarchik V., Konstantinov V., Danishevskiy V. Anti-fric-
tion plastic lubricants based on intermediate products of pe-
troleum and liquid crystal compositions. Trenie I1znos. 2008.
V. 29. N 1. P. 92-102 (in Russian).

Grigorov A.B. Production of plastic lubricants by thermal de-
struction of used oils. Ekologiya Prom-st'. 2019. N 2. P. 70-76
(in Russian). DOI: 10.35477/2311-584x.59.70-76.

Ostrikov V.V., Tupotilov N.N., Matytsin G.D., Zimin
A.G. Lubricants from vegetable oils and their waste.
Tekhnika Oborudovanie dlya Sela. 2010. N 2. P. 24-26 (in
Russian).

Meshcheryakov S.V., Eremin L.S. Petroleum-containing waste
as useful resource. Energet. Politika. 2020. N 6. P. 88-95 (in
Russian).

Aleksandrov A.Yu., Korotaev D.V., Danyakin N.V., Naza-
renko E.S. About anti-corrosion and physical properties of sam-
ples of some weapon oils. Tekhn. Nauki. 2020. N 4. P. 280-285
(in Russian).

Rumyantseva N.P., Belova V S., Balmasov A.V. Investigation
of the influence of a nitrogen-containing inhibitor on the corrosion
resistance of structural steels. ChemChemTech [lzv. Vyssh.
Uchebn. Zaved. Khim. Khim. Tekhnol.]. 2020. V. 63. N 11.
P. 65-70 (in Russian). DOI: 10.6060/ivkkt.20206311.6222.
Kozlova L.S., Sibileva S.V., Chesnokov D.V., Kutyrev
A.E. Corrosion inhibitors —a review. Aviats. Mater. Tekhnol.
2015. N 2 (35). (in Russian). DOI: 10.18577/2071-9140-
2015-0-2-67-75.

Tereshchenko I.M. Equipment of glass industries. Minsk:
BGTU. 2010. 111 p.

Semenova 1.V., Florianovich G.M., Khoroshilov A.V.
Corrosion and corrosion protection. M.: FIZMATLIT. 2002.
336 p. (in Russian).

AIMOL GLASSTECH COOL BIO. Cutting fluid for glass
drop feader scissors (n.d.). Retrieved October 22, 2021 from:
https://aimol.ru/catalog/stekolnaya-promyshlennost/glass-
tech/aimol-glasstech-cool-bio-/.

Biosol RCAM Synthetic oil (n.d.). Retrieved October 22,
2021 from: http://glasslub.ru/catalog/p/64-biosol-rcam-sin-
teticheskoe-maslol.

Latyshev V.N., Naumov A.G. Mechanism of radical-chain
reaction by blade treatment of metals. Metalloobrabotka.
2009. N 3. P. 8-16 (in Russian).

Shilova S.V., Falaleeva T.S., Tret'yakova A.YA., Bara-
banov V.P. Influence of propanol-1 on micelle formation of
sodium alkylsulfates in water solutions. Vestn. Kazan.
Tekhnol. Univ. 2014. V. 17. N 11. P. 57-60 (in Russian).
Bakeeva R.F., Razina 1.S., Zakirova G.A., Barabanov
V.P., Sopin V.F. Analysis of factors influencing on the crit-
ical micelle concentration using a causal chart. Vestn. Kazan.
Tekhnol. Univ. 2012. V. 15. N 5. P. 17-22 (in Russian).
Holmberg K., Jensson B., Kronberg B., Lindman B. Sur-
factants and polymers in water solutions. M.: BINOM. 2007.
528 p. (in Russian).

45



A.C.

25.

26.

27.

28.

29.

30.

46

KonokonsHukoBa u zip.

Xoaméepr K., Menccon B., Kpon6epr B., Tunaman B. ITo-
BEPXHOCTHO-aKTUBHBIC BEIICCTBA M INOJIUMEPHI B BOAHBIX
pactBopax. M.: BMHOM, 2007. 528 c.

Cutting fluid for scissors Gelltex-430 (n.d.). Retrieved Octo-
ber 22, 2021 from: https://nppsintez.com/product/produkty-
dlya-steklotarnoy-promyshlennosti/smazka-dlya-lezvij-
nozhnic-gelltex-430/.

Steel P6M5 (n.d.). Retrieved October 22, 2021 from:
http://tekhnar.ru/materialy/rém5.html.

I'OCT 9.506-87 — 1988 (1993). Enunast cucTeMa 3aIyuThl OT
xopposuu u crapeHus (EC3KC). MHruburops! kKoppo3uu Me-
TAJUIOB B BOIHO-HE(QTAHBIX cpernax. MeTonbl onpeneeHus
3aMUTHOMN cnocoOHocTH. M.: U3a-Bo cranmapros. 1993.
Kaamsbixos B.B., Measnukos /I.A., l'op6aueBa M.C., Cy-
xapeBa A.A. lccienoBanue 3aBHCHMOCTH CMa3bIBaeMOCTH
KOHCTPYKIIMOHHBIX MaTepHaloOB OT BEMYMHBI IIOBEPXHOCT-
Horo HaTspkeHus Macell. Cogp. Haykoemk. mexnon. 2017. Ne 6.
C. 47-51. DOI: 10.17513/snt.36696.

KazaxoBa M. E., Kopmuinusina A. A., Koanenko B. B.
AHayn3 HHrHOUTOPOB KOPPO3MH AJIS 3AIIUTHI HeTenepe-
pabartsiBatomero obopynosanus. C6. mat. Kong. «Cospe-
MEHHBIC TEXHOJIOTHH B Hayke W obOpasoBanmu — CTHO-
2016». 2016. C. 119-121.

26.

27.

28.

29.

30.

Cutting fluid for scissors Gelltex-430 (n.d.). Retrieved Octo-
ber 22, 2021 from: https://nppsintez.com/product/produkty-
dlya-steklotarnoy-promyshlennosti/smazka-dlya-lezvij-
nozhnic-gelltex-430/.

Steel P6M5 (n.d.). Retrieved October 22, 2021 from:
http://tekhnar.ru/materialy/rém5.html.

GOST 9.506-87 — 1988 (1993). Unified corrosion and aging
protection system (ESZKS). Metal corrosion inhibitors in
water-oil media. M.: Izd-vo standartov. 1993 (in Russian).
Kalmykov V.V., Mel'nikov D.A., Gorbacheva M.S., Su-
khareva A.A. Investigation of dependence of lubrication of
construction materials on the oils surface tension value. Sovr.
Naukoemk. Tekhnol. 2017. N 6. P. 47-51 (in Russian). DOI:
10.17513/snt.36696.

Kazakova M.E., Kormilitsyna A.A., Kovalenko V.V.
Analysis of corrosion inhibitors for protection of oil machin-
ery. Coll. of mat. “Sovremennye tekhnologii v nauke i obra-
zovanii — STNO-2016". 2016. pp. 119-121 (in Russian).

Ilocmynuna ¢ pedaxyuio 09.11.2021
Ipunsima x ony6auxosanuio 28.02.2022

Received 09.11.2021
Accepted 28.02.2022

W3B. By30B. XuMus u xuM. TexHonorus. 2022. T. 65. Beim. 4



