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ABSTRACT

The lubrication is one of the most significant operations in the process of steel cord drawing
which affects the final product quality. In this study, the effect of utilizing triple mixed
additive (pH stabilizer, antifoam, and biocide) on the variety analytical parameters of
lubrication medium such as pH, Fe and Cu concentrations, conductivity, fat content and
bacteria contamination were investigated. The used lubricant was analyzed via different
analytical methods in the presence and absence of triple-mixed additive over 30 days period.
The results showed that the pH values of the additive-involved lubrication medium are
changed in the lower ranges with more correlation than without additive medium. The Fe and
Cu concentrations of the additive-contained lubricant are increased with a smaller slope over
time. Consequently, the conductivity of the lubricant in the presence of triple-mixed additive
is increased very gradually with low slope and high correlation which can be attributed to the
synergistic effect of additive with lubricant ingredients in lubrication process. The fat content
of additive-included lubrication medium is slightly higher than that of lubrication without
additive. Moreover, the bacteria contamination in the presence of triple-mixed additive was
very lower than the medium without any additive. The obtained results showed that the
analytical characteristics of the lubrication medium were desirably affected by the triple-
mixed additive.
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1. INTRODUCTION

The operation of wire pulling in a die to
diameter decreasing or shape changing is
called wire drawing. Depending to their
thickness, the products of this process is
generally utilized in car tires, electrical
cables, bolts or fasteners manufacturing.
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Due to the wire-die friction, the wire
surface deteriorates over time. Therefore,
the process is actually required to utilize an
appropriate lubricant in the wire-die space
to decrease the needed load and the surface
quality degradation [1-3]. The efficacy of
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wire drawing is affected by metal-die
lubrication. The lubricant ingredients play
vital role in the lubricating effectiveness
for wire drawing. In the wire-die interface,
the drawing power is affected by friction
stress and temperature rises, consequently.
Using appropriate lubricants causes to low
friction, energy saving and decreasing
production costs. The variety parameters
such as material of die, drawing speed and
lubricant ingredients affect the lubricating
performance. Moreover, the useful life of
dies strongly depends on anti-wear
characteristics of wire [4-6]. So, it can be
said that the drawing performance
operation depends on three main factors:
(i) the die length and angle (ii) the wire
material characteristics, and (iii) the
drawing speed and friction at the die-wire
interface [7-12].

The objective of this investigation is to
study the effectiveness of pH stabilizer,
antifoam, and biocide agents as a triple-
mixed additive on the wire drawing
process of steel cord. The used mixed-
additive is supposed to be less in cost than
the used general lubricant's additives. The
different parameters such as pH, Cu and Fe
concentrations, fat content, conductivity
and bacteria contamination of lubricant
emulsion are compared with and without
using mixed-additive in a period of 30
days.

2. MATERIALS AND METHODS

The studies were performed via center lath
machine with a motor power of 10 kW.
The drum is located on the jaws of the
center lath with rotational speed 1500 rpm.
The raw material which is utilized in this
work was steel cord with initial diameter
1.75 mm. The annealing was performed at
temperature 40 °C for 10 minutes. After
turning on the drum and mounting by
screw bolt, the was passed through the
lubricant medium. The final diameter was
measured as of 0.3 mm. The utilized
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analytical instruments were pH meter
InoLab WTW 7310, conductometer
InoLab WTW series 1, and

Spectrophotometer Hach dr 4000U.

3. RESULTS AND DISCUSSION
3.1. Effect of triple mixed-additive on
pH of drawing lubrication medium
pH degree is the most appropriate factor to

determine the degree of acidity or
alkalinity of the drawing emulsion.
According to the definition, pH=7

corresponds to neutral solutions, values
between 0 and 7 for acidic environments
and pH between 7 and 14 for alkaline
environments. For drawing lubricants, the
best pH range is between 8 and 9.5.

The drawing emulsions are designed in
such a way that they always work in an
alkaline environment. Due to the
penetration of air into the emulsion and the
reaction between the oil and the oxygen in
the air, this amount always tends to
decrease. Therefore, controlling the pH of
drawing emulsion is very important. If the
pH level of the drawing emulsion is lower
than 8, the corrosion possibility of
different parts of the device increases,
which is caused by the creation of
electrolyte between steel and copper. This
will cause damage to the polished surface
of the tension sheets. Corrosion in this
environment may also be caused by the
passage of creeping currents caused by
ground connection of some parts.
Therefore, it is strongly recommended to
control the pH level in the following cases:

(i) In the heavy rod tensioning machines
whose wire is washed by acid. Due to the
presence of acid on these wires and its
penetration into the emulsion, pH value
decreases.

(ii) Stretching machines, some of which
use special grease for lubrication. In this
type of equipment, the pH level tends to
increase. When the volume of wire that is
thinned by the device is very large
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compared to the volume of circulating
emulsion, the pH tends to increase. In
these cases, it is recommended to increase
the circulating emulsion volume or
increase the drawing oil concentration
instead of correcting the pH value with
acidic substances [13-15].

The effect of the mixed-additive
addition on the pH of drawing lubricant is
represented in Figure 1. The pH of the
lubrication medium was monitored with
and without addition of mixed-additive for
a 30 days period. The pH values of
lubricant were changed in the range of
8.38-9.20 and 8.74-9.50 with and without
additive addition. The pH values in both
environments tend to increase over time. It
can be seen that the pH values in the
presence of additive were changed slightly
with more correlation (R?= 0.769) in
comparison with additive absence (R*=

15
Days

0.5387). Obviously, using mixed-additive
in the lubrication medium could adjust pH
variation in the lower ranges. It can be
concluded that the addition of triple mixed-
additive in the lubricant improves the
lubrication operation quality by adjusting
the pH of lubrication medium.

In order to better evaluate of pH
changes in both lubrication mediums,
normality test, outlier test and F test also
were performed on the obtained pH values
(Fig. 2). According to the normality test
results, the distribution of pH data in the
WA and WOA mediums were pass and
fail, respectively (Fig. 2a). The outlier test
results show that there is no any outlier pH
data in both WA and WOA mediums (Fig.
2b). Due to the P value > 0.05, it can be
said that the data distribution is acceptable
(Fig. 2¢).

. £ .. WOA

: WA

R!=0.769

20 25 30

Fig. 1. pH values alterations of the lubrication medium with (abbreviated as WA) and without triple mixed-
additive (abbreviated as WOA) during 30 days period time.
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Fig. 2. Performed normality test (a), outlier test (b) and F test (c) on the obtained pH values. The lubrication
medium with triple mixed-additive is abbreviated as WA and without triple mixed-additive is abbreviated as

3.2. Effect of triple mixed-additive on Fe
concentration of drawing lubrication
medium

The Fe concentration of the lubrication

medium increases overt time due to the

steel cord abrasion in the wire-die interface

[16]. The effect of triple mixed-additive on

the Fe concentration of lubrication medium

WOA).

in the 30 days period is demonstrated in
Figure 3. The Fe concentration of the
lubrication medium was changed in the
range of 2.2-388 mgL™ and 1.1-812 mgL™
with and without addition of triple-mixed
additive, respectively. It can be seen that
the Fe concentration increment in the
lubrication medium is performed in a
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lower slope in the presence of triple
mixed-additive in comparison with the
lubrication medium without any additives.
It can be attributed to the synergistic effect
between mixed-additive and lubricant
ingredients for lubricating the wire-die
interface which is caused to improve
drawing process. R? values for the
obtained data with and without additive
were obtained 0.9435 and 0.9422
respectively which demonstrate that the Fe
concentration values have very good
correlations in both studied mediums.

3.3. Effect of triple mixed-additive on
Cu concentration of  drawing
lubrication medium

Similar to the previous section, the Cu

concentration of the lubrication medium

increases due to the abrasion of the brass-
coated steel cord in the wire-die interface
in the drawing process. Figure 4 shows the

Cu concentration changes of lubricant in

the presence and absence of triple-mixed

additive. The Cu concentration has altered

in the range of 3.1-796 mgL™ and 1.2-1928

mgL'l with and without addition of

additive to the lubrication medium,
respectively. Clearly, utilizing the triple
mixed-additive not only decreases the
domain of Cu concentrations over time,
but also causes to lower slope of increasing
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Cu concentration in the 30 days period.

3.4. Effect of triple mixed-additive on
the conductivity of drawing lubrication
medium

The conductivity of the lubrication

medium tends to increase over time due to

the raising Fe, Cu and Zn concentration
because of wire abrasion in the wire-die
interface and entering the produced
splinters into the lubrication medium. The
effect of the triple-mixed additive addition
in the lubricant mix on the conductivity of
the lubrication medium is shown in Figure
5. The conductivity of lubrication medium
is increased from 4 uS/cm to 7.6 puS/cm
and from 4.01 puS/cm to 9.5 puS/cm in the
presence and absence of mixed-additive,
respectively. It can be seen that the
conductivity increment has been happen in
a lower slope in the presence of additive.
The reason of this effect may be due to the

lower production of Fe, Cu and Zn
splinters in the triple mixed-additive
included medium which reduces the

abrasion amount of steel-cord in the wire-
die interface. Furthermore, the
conductivity of the lubricant is slightly and
regularly increased with mixed-additive
addition which is caused to very good R?
value 0.9778 compared with R® value
0.7611 without additive addition.

R2 = 0.9422 a A

a
A.Aﬂﬂ

R? = 0.9435

20 25 30

Days

Fig. 3. Fe concentration values of the lubrication medium with (abbreviated as WA) and without triple mixed-
additive (abbreviated as WOA) during 30 days period time.
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Fig. 4. Cu concentration values of the lubrication medium with (abbreviated as WA) and without triple mixed-
additive (abbreviated as WOA) during 30 days period time.
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Fig. 5. Conductivity of the lubrication medium with (abbreviated as WA) and without triple mixed-additive
(abbreviated as WOA) during 30 days period time.

3.5. Effect of triple mixed-additive on the

fat content of drawing lubrication
medium
Emulsion fat changes wunder various

factors. The continuous release of the wire,
which is always covered with some fat, or
the settling of copper particles separated
from the wire during the drawing process,
which is covered by a layer of fat, reduces
the total amount of fat in the emulsion. At
the same time, the constant evaporation of
water and its insufficient compensation
also cause an increase in fat. Based on this
fact, the amount of fat in the stretching
emulsion should be controlled and
recorded at regular intervals. This amount

52

is usually declared by the manufacturer,
but it should be in the following range:

e Heavy drawing machine 10%-17%.
Medium drawing machine 4%-8%.

Fine drawing machine 2% to 4%.

Super fine drawing machine 1% to 2%.
Annealer water 0.5% to 1.5%.

Undoubtedly, the above values will
depend on the quality of the wire, the type
of machine and its linear speed. For
example, the presence of too much fat
causes it to deposit on the output wire and
cause problems in the continuation of the
process. At the same time, high fat causes
a decrease in the pH level of the emulsion
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and dirt and sometimes clogs the iron hole.
It should be noted that cooling in high fat
emulsions is not done well and this leads to
the short life of die. Too little fat also
causes excessive tearing of the wire and
rapid corrosion of the iron and tension
flakes.

The effect of addition of triple mixed-
additive in the lubricant on the fat content
of lubrication medium is represented in
Figure 6. The fat content of the lubrication
medium is changed between 11%-16.5%
and between 6%-16.5% in the presence
and absence of additive, respectively. It
can be seen that the fat content increases in
both medium; however, it raised gradually
with low fluctuations in the presence of
additive. The increase of the fat content
may be due to the water evaporation of the
lubrication medium.

3.6. Effect of triple mixed-additive on the
bacteria contamination of drawing
lubrication medium

Bacterial contamination of big circulating

oil systems in steam turbines, paper

machines and similar systems is a growing
problem. Drawing lubricants generally
contain already some bactericides, but due

to inappropriate working conditions or a

contaminated water supply, the growth

of bacteria can be turned into a very
critical problem [17]. As mentioned
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earlier, one part of the used triple mixed-
additive was biocide. The bacteria
contamination of the lubricant medium
was monitored at initial and final of 30
days period using appropriate test Kits.
(Fig. 7). Obviously, using triple mixed
additive addition, the bacteria growth in
the lubrication medium has been
significantly decreased. Therefore, it can
be concluded that the utilized mixed-
additive shows excellent efficiency as an
antibacterial agent.

CONCLUSION

It has been demonstrated that the lubrication
medium of the wire drawing machines and its
ingredients and analytical characteristics affect
the quality of final product, energy consuming,
overall yield, waste value, etc. The results of this
study showed that the utilizing of triple mixed-
additive in the lubrication medium causes an
adjustment and proper regulation of pH values, a
reduction in wire-die abrasion, subsequent
decrease in slope of Fe and Cu production and
medium conductivity. The fat content of medium
increases slightly with lower fluctuations in
additive-involved medium. Furthermore, the
bacteria growth in the triple mixed-additive
included medium decreases considerably. All the
obtained results proved the efficiency of used
additive in the lubrication medium of steel cord
drawing. These investigation results could be
utilized in the steel cord drawing industries for
performing of novel technologies in this area.
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Fig. 6. Fat content of the lubrication medium with (abbreviated as WA) and without triple mixed-additive
(abbreviated as WOA) during 30 days period time.
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@ ®

Fig. 7. Bacterial contamination test Kit at its pristine form (a), after 30 days in lubrication medium with triple
mixed-additive (abbreviated as WA) (b), and after 30 days in lubrication medium without triple mixed-additive
(abbreviated as WOA) during 30 days period time.
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