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Development of New Copper Wire Drawing Lubricant
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Abstract: A wire-drawing lubricant using a base oil of refined and unrefined palm kernel origin blended
with chemical additives was produced. The blend was generated using extreme vertices design method that
makes use of constraints (the upper and lower bounds) within the simplex lattice to generate a number
of different blends of the constituents. The viscosities of the blends were determined and among the results
were these values for base oil of refined palm kernel: 58.56cSt, 35.92cSt, 27.56 cSt, and 18.73 cSt at
temperatures of 30EC, 40EC, 50EC, and 60EC respectively with a flash point of 120EC. Copper wires were
dipped in the lubricants for seven days and then left exposed for a period of 8 days prior to microscopic
examination. The micrograph revealed no corrosive layer on the wire. Also, when used by the
manufacturers of the wire drawing machine, the response was acceptable.
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INTRODUCTION

Lubrication is one of the oldest technologies in the
world. As technology advances, lubrication becomes
more sophisticated and theories of lubrication
(Tribology) took off with the industrial revolution in
the nineteenth century. The Jost Committee, in its
report to the British government in1966 defined
tribolgy as, "the study f the interactions between
surfaces in relative motion and the practice related
thereto" also, D.Scott, past editor of the tribology
journal Wear, simply used "the science and technology
of lubrication, friction and wear" as his definition.
(Tribology in the 80's, 1983)

In Industrial processes, the interface between tools,
die and work-piece is usually subject to contact
pressure relative speed and temperatures ranging from
ambient to almost melting. Lubricants serve as an
interfacing material to reduce frictional or adhesive
wear, remove impurities, reduce temperature and
increase production efficiency. They are made up of a
blend of mineral or synthetic or natural oils and
chemical additives,[3].

For lubricant base oils, the vegetable-derived
materials are preferred. Common ones include high
oleic canola oil, castor oil, palm oil, sunflower seed oil
and rapeseed oil from vegetable sources. Many
vegetable oils are often hydrolyzed to yield the acids
which are subsequently combined selectively to form

special synthetic esters. In addition, during high
temperature foam test, vegetable oils performed better
than comparative petroleum and synthetic based stocks.
These vegetable base oils have a unique fat acid
composition, which produces natural corrosion
protection and detergency factors, while providing a
long lasting film to form a protective boundary on
metal surfaces.

Substitutes and Other Constituents of New
Lubricant: The petroleum or synthetic base oil was
replaced with a vegetable oil of palm kernel origin
which is fairly cheap, readily available and
biodegradable. It is healthier because of the absence of
polycyclic aromatics (PCAs) which are present in
mineral oils and pose a high risk to human health,
particularly in circumstances where skin contact with
oil is involved. The free fatty acids which are active as
friction modifiers are obtained by hydrolysis of the
vegetable oil. The detergent is to be replaced by the
potassium soap of the base oil. The other compounds
used to satisfy the additive requirements are:

C Liquid fatty acid soap of the base oil. This
functions as a friction reducer and detergent by
increasing sliding tendency and by its cleaning
action.

C Fatty acids in the base oil which serve as
corrosion inhibitor, anti-oxidant and extreme
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pressure (EP) additive. The function of an
oxidation inhibitor is to prevent deterioration of the
lubricant associated with oxygen attack. These
inhibitors either destroy free radicals (chain
breaking) or interact with peroxides involved in the
oxidation mechanism. The EP additive is required
in high pressure zones to reduce friction effects.

C Glycerol and ethylene glycol, forming ethylene
glycol mono methyl ether, which act as biocide,
preservative, pour-point depressant (anti-freeze) and
dispersant. Pour point depressants inhibit formation
and agglomeration of wax particles keeping the
lubricant fluid at low temperatures. Dispersants
keep foreign particles present in a lubricant in
uniformly dispersed form. The foreign particles are
sludge and varnish, dirt, products of oxidants,
water etc.

C Methyl silicone as anti-foam agent. Agitation and
aeration of a lubricant occurring during application
may result in formation of air bubbles in the oil
(foaming). Foaming not only enhances oil
oxidation but also decreases lubrication effect
causing oil starvation. An anti-foam agent simply
reduces the tendency of oil to foam.

C Hydrogenated castor oil, an emulsifier and
coupling agent, used to create a homogeneous
suspension of compounds in base oil.

C Demulsifiers (xylene), which holds water molecules
in suspension, preventing corrosive action.
The formulation of the new lubricant was done

using design of experiments which is a planned
approach for determining cause and effect relationship
of the various blends of a mixture that replaces the old
'trial and error' procedure, saving experimental time and
materials. It makes use of the simplex lattice that gives
the general designs for the multi-component blends.
Furthermore, the use of extreme vertices design to
generate the appropriate blends from the simplex is
based on the constraints imposed on the mixture in the
form of lower and upper bounds. The generated blends
were tested for their viscosity at various temperatures
flash points, chemical effects on copper wires and
moisture absorption.

Experimental Procedures: Lubricants are multi-
component mixtures where definite limitations are
imposed on ratios of individual components which are
often upper and/or lower-bound constraints of the form
Li, Xi, Ui; 
Where i = 1, 2, 3... q, 
Li is the lower bound for the ith component,
Ui is the upper bound for the ith component and q is
the number of components[6]. 

The general form of the constrained mixture
problem is 

X1 + X2 + X3+ …+ Xq = 1

Li # Xi # Ui for i = 1, 2, 3...q where Li $ 0 and Ui $
1 

Li # Xi # 1 for i = 1, 2, 3...q 

Considering this work, a 6-component situation,
only the lower bounds in the above equation are
imposed;

X1 = 0.6, X2 = 0.001, X3 = 0.02, X4= 0.015, X5= 0.002,
X6 = 0.15

With the sum of the upper bounds; Ui $= 1 Ui =1.
139

Using Minitab, a computer-aided programme, the
following blends were developed by extreme vertices
design method and gave the resultant blends shown
below:

Std Run Blocks A B C D E F
Order Order
23 1 1 0.80475 0.03025 0.04925 0.04425 0.30125 0.17925
14 2 1 0.60000 0.17650 0.02000 0.01500 0.17750 0.15000
7 3 1 0.77550 0.17650 0.02000 0.01500 0.00200 0.15000
25 4 1 0.62925 0.03025 0.22475 0.04425 0.30125 0.17925
19 5 1 0.60000 0.00100 0.02000 0.19050 0.17750 0.15000
9 6 1 0.77550 0.00100 0.02000 0.01500 0.00200 0.15000
11 7 1 0.77550 0.00100 0.02000 0.01500 0.00200 0.32550
22 8 1 0.65850 0.05950 0.07850 0.07350 0.06050 0.20850
16 9 1 0.60000 0.00100 0.19550 0.19050 0.00200 0.15000
13 10 1 0.60000 0.17650 0.02000 0.19050 0.00200 0.15000
18 11 1 0.60000 0.00100 0.19550 0.01500 0.00200 0.32550
17 12 1 0.60000 0.00100 0.19550 0.01500 0.17750 0.15000
21 13 1 0.60000 0.00100 0.02000 0.01500 0.17750 0.32550
S 14 1 0.60000 0.35200 0.02000 0.01500 0.00200 0.15000
20 15 1 0.60000 0.00100 0.02000 0.19050 0.00200 0.32550
28 16 1 0.62925 0.03025 0.04925 0.04425 0.03125 0.35475
24 17 1 0.62925 0.20575 0.04925 0.04425 0.03125 0.17925
10 18 1 0.77550 0.00100 0.02000 0.01500 0.17750 0.15000
8 19 1 0.77550 0.00100 0.19550 0.01500 0.00200 0.15000
12 20 1 0.60000 0.17650 0.19550 0.01500 0.00200 0.15000
15 21 1 0.60000 0.17650 0.02000 0.01500 0.00200 0.32550
5 22 1 0.60000 0.00100 0.02000 0.01500 0.35300 0.15000
3 23 1 0.60000 0.00100 0.37100 0.01500 0.00200 0.15000
26 24 1 0.62925 0.03025 0.04925 0.21975 0.03125 0.17925
4 25 1 0.60000 0.00100 0.02000 0.36600 0.00200 0.15000
1 26 1 0.95100 0.00100 0.02000 0.01500 0.00200 0.15000
6 27 1 0.60000 0.00100 0.02000 0.01500 0.00200 0.50100
27 28 1 0.62925 0.03025 0.04925 0.04425 0.20675 0.17925

The design gave 28 different blends as shown
above and based on laboratory tests (viscosity at
various temperatures using Tamson Viscometer), flash
point, blend uniformity, microscopic views of wires
soaked in the blends and actual machine tests by the
machine manufacturer, the optimal blend was selected,
which corresponded to run order that is standard order
22.
Legend;
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A Base Oil (Palm kernel oil)
B Detergent (potassium soap of base oil)
C Dispersant/Biocide (Ethylene-glycol-mono-methyl-

ether)
D Demulsifier (Xylene)
E Anti-foam (Methyl silicone)
F Emulsifier (Hydrogenated castor oil)

The detergent (potassium soap of the base oil) is
blended by adding to the base oil a solution of 0.1M
of potassium hydroxide in the ratio of 6:1 respectively.
The reaction is at room temperature a milky solution of
soap-less detergent is formed.

Dispersant/Biocide (Ethylene-glycol-mono-methyl-
ether) is a mixture of 4% glycerol and 96% ethylene
glycol. The base oils are refined palm kernel oil and
unrefined palm kernel oil and when analyzed gave acid
value and free-fatty acid value of 0.4833 and 0.02431
respectively for refined palm kernel oil while the acid
value and free-fatty acid value were 0.7791 and
0.03919 respectively for unrefined palm kernel oil.

Mixture Analysis and Results: Analysis of the
mixtures revealed the following percentage composites:
C Base oil 55%
C Emulsifier /rust inhibitor 30% 
C Extreme pressure agent (free-fatty acid) 1.5%
C Coupling agent (glycerol) 3.5%
C Preservative 2.0%
C Water 5.0% 
C Anti-foam agent 0.5%

Fig. 1 shows the effect of temperature on the
viscosity of the unrefined palm kernel oil based
lubricant.

From the graph above, the viscosity at 30% which
is about room temperature and is close to the melting
point of fat. One of the major constituents of vegetable
oil is high when compared to the viscosity as
temperature increased by 10oC, showed a drop due to
the melting of the fat in the oil. A further increase in
temperature shows a reduction in the rate of viscosity
change which is high. The lubricants flash point (the
minimum temperature it can attain before ignition) was
determined to be 310 oC which is high for a vegetable
oil. This is as a result of the refining process and the
chemical additives (anti-oxidants, deodourizers and
decolourizers) used during the refining process.

The above result in Fig. 2 showed a more stable
reaction to heat as seen in the viscosity drops that were
more constant. The lubricants flash point (the minimum
temperature it can attain before ignition) was
determined to be 120oC which is acceptable for a
vegetable oil based lubricant. Therefore, this is more
stable than that of refined palm kernel origin. It was

thus used for further tests.
By soaking copper wires in the lubricant for seven

(7) days after which they were exposed to atmospheric
air for another eight (8) days to see the effect of
moisture, corrosion and any other chemical attacks. At
the same time a bare copper wire was kept exposed to
atmospheric air without soaking to serve as control. At
the end of the exposure period, microscopic pictures of
both the soaked and un-soaked wires were taken and
compared. The pictures are shown below in Fig. 2:

From the micrograph of both wires, it is clearly
shown that there is no form of moisture absorption by
the soaked wire. Consequently, no corrosion and other
chemical reaction were observed on all the wires
except from the scaling and scratches produced on the
wire during the drawing process. Also, when the
lubricant was used by the manufacturer of the wire-
drawing machine, the response was acceptable.

The lubricants (refined and unrefined), when
graded on the viscosity chart was found to be SAE 20.

Conclusions: Studies estimate that as much as one-
third of the energy produced by all usable devices is
lost to friction. Also, reactive maintenance costs have
been shown to triple that of planned maintenance. In
addition to energy waste, friction and wear also affect
product reliability, service, safety, life, and
maintenance.

By applying the science of tribology (the reduction
of friction and wear between parts in relative motion),
to these problems, various savings can be made. This,
however, does not give a complete solution as
practically all technology comes with its inherent
problems. In the lubricant industry, these problems are
associated with the use of mineral and/or synthetic base
stocks and certain additives such as chlorine
compounds.

The use of vegetable oils in lubricants is driven
mostly by environmental and health issues, as well as
economic and supply factors. The supply of vegetable
oil is plentiful in many parts of the world, including
areas where mineral oil is expensive and either in short
supply or unavailable. Vegetable oils are free from
polycyclic compounds (PCAs) and low in potential
pollutants like sulfur-containing compounds. They have
added advantage as environmental concerns grow in
that they are biodegradable and are from a renewable
source. 
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Fig. 1: Graph of viscosity versus temperature (refined palm kernel oil).

Fig. 2 Graph of viscosity versus temperature (unfined palm kernel oil).

Fig. 3:
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