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Abstract

This study investigated the influence of various surfactants and filler additives in oil emulsion
compositions on the emulsion's physical-mechanical properties, comparing samples prepared from
local raw materials with imported analogues, and developed a technology for producing oil
emulsion with quality indicators superior to imported products. The effects of these substances on
temperature resistance, color, adhesion, and consumption during wire drawing were studied, and
several locally-based samples were compared with imported oil emulsions (Russia, China). Results
showed that samples containing iron oxide and sodium fluoride were considerably more resistant to
high temperatures (170-240 °C) than imported products. Furthermore, the sample obtained through
a newly developed two-stage technology — heating followed by stepwise addition of calcium
stearate — barely melted at 170 °C, with a melting point above 250 °C. This new technology yields
a granular, non-monolithic product that is easier to crush, produces less dust, and consumes less
electricity. The findings confirm that oil emulsions produced from local raw materials can achieve
quality indicators superior to imported products, making them viable import substitutes.

AHHOTanusA

laHHOe rccejoBaHNe MOCBAIeHO U3YYeHUO BIUSHUS Pa3/TMUHbIX TOBEPXHOCTHO-aKTUBHBIX
BeIl[eCTB U HaroJHUTe/el, BXOJAIIUNX B COCTaB MaC/ASTHOU 3My/bCHH, Ha eé (PM3UKO-MeXxaHUueCKue
CBOWCTBA; TIPOBE/IEHO CpaBHEHWe 00pa3l[oB, MPUTOTOBJIEHHbIX HAa OCHOBE MECTHOTO ChIpbS, C

Bub6morpaduueckoe onucanue: BiysiHue GU3MKO-MeXaHUYECKHUX CBOWCTB BeIL|eCTB, BXOAALIMX B COCTaB MaC/IsSHOW 3My/IbCHH, HA
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UMIIOPTHBIMU aHajorTaMH, M pa3paboTaHa TEeXHOJIOTHS TIOyYeHUs Mac/sSHOM 3SMY/IbCUU C
ToKasaTe/siIMA KauyeCTBa, IPeBOCXOASALMMY WMIIOPTHbIE IIPOAYKTHL. BbIIO M3ydeHO BMsHUE
JlaHHBIX BeleCTB Ha TeIJIOCTOMKOCTb, 1[BeT, aZire3Ui0 U pacxoZ B NpoLiecce BOIOYEeHUsI [IPOBOJIOKH,
a TaKXKe COMOCTaBjeHbl 00Opa3lbl Ha OCHOBE MECTHOTO ChIPbs C WMIIOPTHBIMUA MAaC/ISTHBIMU
smyabcusivu (Poccusi, Kuraid). Pe3ynbraThl oKasaad, UTo 00pasifbl C OKCHZOM >Kesie3a U (hTOpUoM
HaTpusl 3HAUUTETbHO OoJlee YCTOMUMBEI K BBICOKUM Temrieparypam (170-240 °C), ueM UMITOPTHbIE
npoAyKThl. Kpome Toro, obpasell, To/IyYeHHBIH 110 HOBOM [IBYXCTaZIMMHOM TEXHOJIOTHM — HarpeB C
MOC/IeAYIOIIMM TI03TallHbIM A00aBlIeHreM CTeapaTa KalbLUs — TPAKTUYeCKd He TUIaBWIICS TIPH
170 °C, a ero Temneparypa IuiaBineHus TipeBbiliasia 250 °C. HoBasg TexHosorus [Jgaét
IpaHy/IMPOBaHHbIM, HEMOHOJIUTHBIA TPOAYKT, KOTOPBIM Jerye U3Me/buaeTCsl, MeHblle IbLIUT U
TpeOyeT MeHbIlle 37eKTpo3Heprud. [lomyueHHble pe3y/nbTaThl TMOATBEPKAAIOT, UTO Mac/IsTHbIE
SMY/IbCHM Ha OCHOBE MECTHOIO ChIPbSl MOTYT ZOCTWraTh IOKas3aTesjel KauecTBa, MPeBOCXOIALINX
VIMITOPTHbI€ TIPOAYKTHI, ¥ CITY>KUTh NTOJTHOLIEHHOM 3aMeHOW UMITOPTY.

Keywords: oil emulsion, surfactant, calcium stearate, sodium stearate, temperature resistance,
adhesion, wire drawing, drawing die, local raw materials.

KnroueBble ci0Ba: Mac/siHasi SMY/IbCHS, TTOBEPXHOCTHO-aKTMBHOE BeI|eCTBO, CTeapar
KasbLUsi, CTeapaT HAaTpWis, TEIUIOCTOWKOCTh, ajre3us, BOJIOYEHHE TIPOBOJIOKH, BOJIOUMJIbHAS
¢bunbepa, MECTHOE ChIPbE.

Introduction

Every substance possesses its own distinct nature and properties, and the purpose of
combining them into a single composition is to obtain a specific emulsion in which substances from
a group with differing characteristics complement one another. In the present work, the soap
contained in the composition of the oil emulsions for which a production technology is proposed is,
by nature, a surfactant.

The aim of this study is to investigate the effect of various surfactants and filler additives
constituting the oil emulsion on the physical-mechanical properties of the emulsion, including
temperature resistance, color, adhesion, and consumption during the wire drawing process; to
conduct a comparative analysis of samples prepared on the basis of local raw materials with
imported oil emulsions (Russia, China); and to develop a new, efficient technology for producing an
oil emulsion possessing high temperature resistance and quality indicators superior to those of
imported products, capable of substituting imports.

The chemical composition of the obtained and imported emulsions shows that stearates ensure
the smooth passage of the metal through the drawing die. Talc and borax, in addition to imparting a
distinctive color to the metal surface, also affect its anticorrosive properties.

A comparison of the chemical composition of the obtained samples with that of the imported
products shows that 90 % of the raw materials required for the samples are available within the
Republic, are inexpensive, and at the same time consist of substances that assist the functions of the
emulsion. These filler additives — lime, potassium fluoride, iron oxide, and sodium sulfates —

50



Ne 8 (149)

UNIVERSUM:
KWE HAYKWN

TEXHNYEC

aszycm, 2026 .

provide the temperature resistance of the emulsion (Figure 1), consistent with earlier findings on oil
compositions and emulsions obtained from local raw materials. Borax, talc, and sodium phosphate
(Na,PO,) likewise increase both temperature resistance and adhesion.

Figure 1. Substances forming the composition of the emulsion

Based on Table 1, the color and temperature resistance of the samples were compared,

presenting the melting behavior of the imported products and the samples as the temperature

increased.
Table 1.
Physical properties of the oil emulsions
No. Melting degree (%) Color
170 °C 200 °C 240 °C
1 Imported product (Russia) 15 60 100 Gray
2 Imported product (China) 20 67 100 Light gray
3 Sample 1 17 46 72 Gray
4 Sample 4 15 44 65 Pink
5 Sample 5 5 20 60 Light red

At 170 °C, mainly due to the heat generated in the drawing die, the Chinese oil emulsion was
observed to melt by 20 %. The melting temperature of the emulsions was found to be 240 °C; only
in sample 4, owing to the low mass fraction of calcium and sodium stearate salts, was 65 % melting
observed at 240 °C, forming a solid alloy. The iron oxide contained in sample 5, prepared on the
basis of local raw materials, ensures the high temperature resistance of the oil emulsion. The

sodium fluoride contained in sample 4, besides increasing the temperature resistance of the oil

emulsion, also reduces the flammability of the emulsion. For this reason, samples 4 and 5 are more
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resistant to high temperatures than the other samples and the imported product, which is consistent
with findings on the temperature-dependent behavior of stearate-based soap lubricants reported
elsewhere.

Materials and Methods

The oil emulsion obtained under laboratory conditions was divided into three groups
according to the degree of fineness. Sample 3, with a particle size of up to 0.2 mm, was used for
drawing hard non-ferrous metals. Sample 4, with a relatively larger particle size, was used for
drawing soft non-ferrous metals, since drawing soft wires does not require high pressure; it was
used to reduce the consumption of the oil emulsion. For single-stage wire drawing, samples 2 and 3
were found to be effective (Table 2).

The fat content and melting temperature of the oil emulsion are selected according to the
grade of the non-ferrous metal, since an increase in the carbon content of copper also increases the
temperature in the drawing die.

Table 2.
Emulsion consumption depending on wire-drawing speed
No. Product 0.5 (m/s) 1 (m/s) 5 (m/s) 9 (m/s) 12 (m/s)
1 China 0.30 0.52 0.65 0.73 0.83
2 Russia 0.26 0.51 0.73 0.74 0.82
3 Sample 1 0.30 0.61 0.70 0.75 0.82
4 Sample 2 0.26 0.57 0.73 0.77 0.86
5 Sample 3 0.28 0.57 0.69 0.73 0.80
6 Sample 4 0.30 0.61 0.69 0.75 0.80

Unlike the first method, in the new method of obtaining oil emulsion the filler products of the
emulsion are charged into the reactor once the equipment temperature reaches 160—165 °C. Stirring
is then continued for 35 minutes. Calcium stearate is added in 1-gram increments at 3-minute
intervals. The resulting granular mixture is cooled and fed to a ball mill. The differences between
this new technology and the previous technologies are as follows:

— the resulting product forms a granular, non-monolithic mass that is convenient for crushing;

—no paste (slurry) is formed during mixing;

— less time is required to obtain the finished product;

— since the filler products are heated together with the emulsion before the calcium stearate is
added, dust formation from the equipment is reduced;

— it is distinguished by higher electricity efficiency.

Results and Discussion

Obtaining the product on the basis of the new technology in the production of oil emulsion
requires less time and energy than traditional technologies. These factors reduce the cost price of
the product.
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Table 3.
Chemical composition of the newly obtained emulsion
No. 1 2 3 4 5 6 7
New Sample Castear- | Nastear- |sodium sul [ Borax sodium phos- | Na,SO, Water
ate ate fate phate
Mass fraction (%) | 15 15 5 25 10 10 10

The physical and chemical properties of the substances constituting the new sample obtained
by the second method, as well as the functions of the emulsion, were taken into account (Table 3).
Unlike the previous samples, this sample takes into account the diversity of filler products and the
conditions for optimizing the concentration of calcium stearate and sodium stearate salts in the oil-
emulsion composition.

The temperature resistance of this new emulsion was found to be higher than that of the
previous samples and of the imported emulsions. As can be seen from Table 4, the emulsion barely
melts at 170 °C. During passage through the drawing die, when the heat reaches 150-180 °C, the
adhesion and friction properties of the emulsions decrease. In this case, a low melting heat of the
emulsion has a negative effect on wire drawing.

Table 4.
Physical properties of the newly obtained emulsion compared with imported products
No. Product Melting degree (%) Color
170 °C 200 °C 240 °C
1 Imported product (Russia) 15 60 100 Gray
2 Imported product (China) 20 67 100 Light gray
3 New sample 3 12 40 Light brown

The fact that the melting temperature of the newly obtained sample exceeds 250 °C makes it
possible to resolve this problem. In the die box, the portion of emulsions with a low melting
temperature — up to 20 % — forms unnecessary waste. The distinguishing feature of the newly
obtained sample compared with the previous samples is that the emulsion obtained by the second
method does not form a monolithic, solid, alloy, and consequently the emulsion granules are easily
crushable. This property makes the oil emulsions obtained by this method suitable for
recommending them for drawing non-ferrous metals and non-ferrous metals with a low carbon
content. Since its melting temperature is higher than that of the previously obtained samples, it can
also be used for wire drawing at higher speeds.

Conclusion

The experiments conducted established that the substances constituting the oil emulsion have
a significant effect on the physical-mechanical properties of the emulsion. The samples prepared on
the basis of local raw materials stand out for their higher temperature resistance compared with
imported products, owing to the iron oxide and sodium fluoride in their composition. The newly
developed technology — adding the filler substances at a temperature of 160-165 °C and
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introducing calcium stearate in stages — yields an emulsion sample with a melting temperature

above 250 °C and high adhesion and friction properties, requiring less time and energy than the

traditional technology, reducing dust formation, and lowering the cost price of the product.

Thus, the oil emulsions developed on the basis of local raw materials are superior to, or equal

to, their imported analogues in terms of physical-mechanical properties, and are recommended for

production as import-substituting products.
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