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Testing and selection of lubricant emulsions for reduction of unwanted
soot marks during annealing of cold-rolled steel coils

Volodymyr Kukhar', Oleksandr Spichak?, Volodymyr Pashynskyi' and Khrystyna Malii'¢
'Technical University “Metinvest Polytechnic” LLC,
2PJSC “Zaporizhstal”

%kvv.mariupol@gmail.com, aleksandr.spichak@zaporizhstal.com,
¢volodymyr.pashynskyi@mipolytech.education, kristina.maliy@mipolytech.education
ABSTRACT

The paper analyses the causes of soot-type defects after annealing coils rolled with emulsions and
identifies the need to reduce these problems by establishing requirements for the physical and
chemical properties of lubricating and cooling fluids. A methodology was developed for testing the
tendency of emulsions to form soot after annealing in coils.

KEYWORDS: cold rolling, emulsion, emulsol, lubricating-cooling fluid, physicochemical properties,

requirements, soot, burnt, propensity for soot formation.

Introduction

Emulsions are widely used in cold rolling of
bars and plates due to several positive effects.
These include [1]: energy management during
rolling, improved contact lubrication and
cooling conditions, improved surface finish,
greater corrosion resistance, and possible
environmental and economic advantages.

Materials and Methods

A special practical research methodology
was developed to determine the soot formation
tendency of emulsol. The experimental
emulsion (concentrate) was applied to two
samples (Fig. 1) of 150x150 mm in size from
cold-rolled metal, the samples were stacked
together and fixed in a brace , after which they
were annealed in a gas cap furnace in an
atmosphere of protective HNx gas.

Fig. Samples with emulsol concentrate
applied

Practical experience has shown that an
emulsion with a low saponification number (up
to 50 mgKOH/g) is prone to soot formation if
it gives a burn value above 1.

Results

A total of 54 different types of emulsions
were tested in the laboratory. All of them had
different physical and chemical characteristics.
Based on the results of the laboratory tests, 28
products out of 54 emulsifiers were
recommended for pilot testing.

As a result of processing following
regression  equations ~ were  obtained:
mathematical dependences on the initial data
of the indicator (in points) of plate annealing in
a brace with the applied concentrate (Y1), the
hydrogen pH of a 3% water emulsion prepared
with hard water of 4.6 mg-eq/dm® (Y2), and
the indicator of the tendency to soot and burn
formation of a 4% water emulsion (Y3):

Y1=-7.194+8.67-X1 +0.013-X2 + 0.013-X3; 1)
Y2 =-34.669 +51.372-X1 — 0.054-X2 — 0.037-X3; (2)
Y3 =-28.454 +33.255-X1 - 0.014-X2 + 0.002-X3, (3)

where X1 is the density at 20 °C, g/cm?; X2
is the kinematic viscosity at 50 °C, mm?/s; X3
is the saponification number, mgKOH/g.

Conclusions

The article shows the relevance of the use
of emulsions in cold rolling, analyses the
causes of surface defects such as soot after bell
annealing of emulsion-rolled coils, and
demonstrates the need to reduce soot formation
and burning by formulating requirements for
the physical and chemical properties of cutting
lubricants. The values of soot formation after
annealing of prototypes were determined by
means of a point system as a result of testing
54 emulsions of different brands and
manufacturers during cold rolling at PJSC
“ZAPORIZHSTAL”.
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