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New lubricants based on vegetable oil were developed in this study. Different blends of canola oil mixed with fully synthetic two
stock engine oils were developed (0, 20%, 40%, 60%, and 80% of synthetic oil). The viscosity of the prepared blends was de-
termined at different temperatures (20°C-80°C). Tribological experiments were conducted to investigate the effect of the newly
developed oil on the wear characteristics of mild steel material compared with stainless steel when subjected to adhesive wear
loading. The weight loss (WL) and the specific wear rate (SWR) of the mild steel using each of the prepared lubricants were
determined. Scanning electron microscopy was used to examine the worn surface of the mild steel. The results revealed that pure
canola oil as a lubricant performed competitively against a blend of 80% synthetic and 20% canola oils. The viscosity of the canola
oil and its various blends with synthetic oil are controlled by the environmental temperature since an increased temperature
reduces the viscosity. Also, the experimental results revealed that operating parameters play the main role in controlling the wear
behavior of mild steel since increasing the sliding distances increases the weight loss. The specific wear rate exhibited a steady state
after about 5 km sliding distance, and different blends influenced the applied loads and velocity differently. The mixing ratio of
canola and syntactic oil was not particularly significant since the pure canola oil exhibited competitive wear performance
compared with the blends. However, an intermediate mixing ratio (40%-60% synthetic oil mixed with 60%-40% canola) can
produce a slightly low specific wear rate among other things.

1. Introduction

Recently, major concerns have emerged over the increasing
use of conventional fossil fuels in industrial products and
applications. The use of vegetable oil, an important dis-
covery, has been the focus of many contemporary techno-
logical and industrial researchers. Many studies have
recently explored the possibility of using vegetable oil as a
lubricant. The results are promising; vegetable oil has a good
chance of being a better alternative to mineral oil both
economically and environmentally [1-4]. In the contem-
porary world, biodiesel has continually received great at-
tention as being an alternative biodegradable and nontoxic
renewable source of fuel. Besides, in the industrial world, the
attention has further been shifted with the potential use of

this invention for lubrication. Initially, petroleum by-
products were the only ones used for lubrication [5]. This is,
however, a thing for the past. The emergence of the use of
vegetable oil has inspired the extension of this knowledge to
the extent that recent discoveries show that it is a better
alternative for conventional lubricants. Conventional lu-
bricants having numerous advantages have their share of
disadvantages [6]. The fact that conventional fossil fuel
petroleum is in abundance is worth noting. However, this
should not bling one to the fact that this fuel is exhaustible
[7]. This introduces a new twist in the large-scale application
of lubricants. Biodiesel, being the better alternative, con-
tinues to show unending promise as researchers invest
millions of dollars to try and implement biodegradable
alternatives.


mailto:ama.alajmi1@paaet.edu.kw
https://orcid.org/0000-0003-1115-9597
https://orcid.org/0000-0003-3847-5469
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2021/3795831

The application of vegetable oils for the lubrication of
machinery has been applied for ages. However, much at-
tention shifted the moment cheaper and more available
alternatives were found [7]. This attention has since been
refocussed due to the continued shrinkage of oil fields.
Vegetable lubricants have been majorly motivated by the
need to conserve the environment. The next decade is likely
to experience the use of biodegradable greases and lubes
than it has been in any moment of history. Great controversy
has recently emerged on ways to involve vegetable oils in
industry and manufacturing. Recent technological and en-
gineering studies have pointed to the possibility of vegetable
oil replacing fossil fuels, not just because of its numerous
inherent advantages but also because it is environmentally
friendly [8, 9]. In today’s world, biodiesel has always been
paid much attention as an alternative biodegradable and
nontoxic renewable source of fuel [7]. Moreover, the in-
dustry has also moved to consider the possible use of bio-
diesel for lubrication. Initially, petroleum by-products were
the only sources of lubricants [5]. But it is very uncertain
whether vegetable oils outdo conventional lubricants in all
respects. Despite being a renewable source of lubricants and
having the advantage in environmental conservation, their
demerits cannot be overlooked. For example, it is chal-
lenging to modify these lubricants due to issues of viscosity
and structural alteration. This is why researchers have in-
vestigated this vast field in the hope of improving green
sources, given their promise as the next generation of lu-
bricants in the field of tribology [10].

In current engineering technologies, especially me-
chanical engineering, sliding and rolling surfaces are among
the most important topics to study. In designing machine
elements, it is essential to understand the principles of
tribology [11]. When two flat-looking surfaces are brought
into contact, their surface roughness causes points on the
two surfaces to make contact in different places, creating
interfacial adhesion. Then, friction occurs when the two
bodies try to move in relation to each other [12]. Due to these
friction forces, one or both surfaces experience the wear or
removal of material. If this continues for a long time, the
dimensions of the mechanical parts are altered and the
machine’s functionality is reduced [13].

Industries and researchers are searching for alternative
renewable sources of lubricants to be used in place of fossil
oils. Biobased lubricants have many properties that give
them an advantage over petro-based lubricants, but they still
have some undesirable properties which make petro-based
lubricants preferable for many applications. Research has
been done to improve the quality of physical attributes and
reduce the cost of using biobased lubricants so as to compete
with petro-based lubricants [14]. There are now policies to
improve the use of biobased lubricants, but the perception
and allocation of land for this purpose still create problems.
Countries cannot completely change from petro-based lu-
bricants to biobased lubricants overnight. This must be a
gradual process that requires support from the government,
agriculture, research, and industry. Due to the rapid eco-
nomic growth in Asia alone, the world demand for lubri-
cants has greatly risen [15]. Nagendramma and Kaul [15]
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report that the demand for lubricants is predicted to increase
by 1.6 percent annually for at least another three years
beyond the current demand of 40 million tons. Even though
the consumption is so high, only a small percentage is being
recycled. So, the need arises to find a renewable alternative to
satisty the growing need. Biobased lubricants are of limited
use, but they can be applied in several environmentally
sensitive industries such as agricultural machines and other
types of machinery used under or very close to water re-
sources. The reasons for this are that they are nontoxic and
create a very small disturbance to the ecosystem.

The biggest difficulty for research in the development of
biolubricants is to enhance their physical characteristics
without damaging their biodegradable, tribological, and
environmental properties. Controlling behavior consists of
the following aspects: control of their hydrolytic stability,
their physicochemical characteristics, their environmental
characteristics, their compatibility with materials and seals,
the temperatures when they are used, and their oxidative
stability [16]. Researchers have explored biodiesel tribo-
logical issues for close to three decades now. Seen from a
quantitative point of view, the amount of metal gives the
various engines their component of wear and tear. The
quantitative analysis tries to give a likely source of the metals.
The lubricity issue is central. The introduction of low sulfur
diesel fuels by regulators in countries such as the United
States has led to the failure of several engine parts such as
injectors [17]. This is because the pumps and the injectors
are lubricated by the same fuel.

In comparison to fossil fuels, the primary problem with
biodiesel is the concern about viscosity [17]. Viscosity is not
affected, and any effort to modify tribological compound
viscosity leads to substantial changes in lubricant structure
and effectiveness. These lubricants are sensitive in that any
small change in structure affects and reduces the effective-
ness of these substances. It is proved that it is very difficult to
make the tribological compounds more useful while
avoiding any alteration in their structure [18] because the
balance between these outcomes is delicate.

Vegetable oil types are numerous, and canola oil is one of
the most important types. It is available all around the world
and it is not expensive. In Canada today, canola oil is the
third most important product [19]. It can be blended with
other oils, which makes it one of the best lubricants. Canola
oilis rich in oleic and linolenic acids which lead to a healthier
life.

Canola oil is considered a very healthy oil due to its fatty
acid composition. It averages about 60% oleic acid (C18:1),
20% linoleic acid (C18:2), and 10% ALA (C18:3) [20].
Canola oil is extracted from the seeds of the canola plant.
This plant was developed by plant breeders from the
rapeseed oil plant since rapeseed oil was risky for human and
animal health [21] because of its high proportion of erucic
acid. A significant quantity is present in the animal feed
made from rapeseed oil, known to inhibit animal growth
rates when taken with high quantities of glucosinolates.
Hence, plant breeders embarked on the development of
rapeseed plant types with a low content of erucic acid, low
erucic acid rapeseed (LEAR), and also low in glucosinolate
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[22]. For marketing purposes, rapeseed plant breeders in
Canada named LEAR ‘canola’. With its low levels of erucic
acid, glucosinolate, and saturated fats, LEAR (canola oil)
appealed to health-conscious consumers and increased the
demand for it. The production of canola oil has increased
dramatically since World War IIL.

Canola is also utilized in industry to produce biodiesel, a
type of biofuel used for automotive engines. Besides being
used to produce biodiesel [23], canola oil was also utilized to
create a range of consumer and industrial goods, including
lubricants, due to its nontoxicity [23].

2. Methodology

2.1. Selection and Preparation of Materials. In this study,
different blends of vegetable oil were mixed with fully
synthetic oil. The blend consisted of different proportions,
e.g., 20%, 40%, 60%, and 80% of synthetic oil supplemented
as necessary by vegetable oil. In this work, canola oil and
tully synthetic Castrol oil for two-stroke engines represent
the vegetable oil and the synthetic oil, respectively (see
Table 1). The specifications of the selected canola oil and
fully synthetic oil are given in Tables 2 and 3.

To get a homogeneous mixture of lubricants, the syn-
thetic oil had to be poured properly on the vegetable oil,
which was heated to 50°C. An electrical mixer at a very low
speed was also employed to achieve a good blend.

2.2. Tribology Machine and Experimental Procedure. In this
study, the wear characteristics of mild steel samples were
examined under ambient conditions (humidity =50% + 5,
temperature =25°C) and wet contact against a stainless
steel counterface (AISI 304, Ra (“roughness average”) =
0.1 um, hardness = 1250 HB). The tribological character-
istics of the samples were studied applying the BOR
(“block on ring”) method, with a newly built machine
designed to handle this technique as shown in Figure 1
[26]. The most essential components of the tribology
machine are the container filled with the various mixes
and the arm attached to the container that provides the
load for the samples. A sliding distance of 0-10 km, sliding
speed of (0-2m/s), and the applied load of (10 to 20N)
were maintained in the experiments.

Three samples for each set were tested, and the average
for each set was determined and the load cell was cali-
brated. It should be mentioned here that several attempts
have been adopted to get the precise procedure. The
samples were weighed, dried, and cleaned prior to the
operation of the machine. The specimens were then
mounted on the machine holder, the timer, and the load
cell reader set to zero before testing at the necessary load
distance. The samples were weighed, dried, and cleaned
after the test. The variation in sample weight was calcu-
lated. The loss of wear volume was determined employing
a weighing scale of +0.1 mg as a result of the WL of each
sample. Equation (1) was used to determine SWR. The
average measurement of each dilution of canola oil was
determined three times for each test.

SWR = 22, ()
LxD
where Aweight = weight (before) —weight (after), p is the
sample density, L is the applied load, and D is the sliding
distance.

The prepared mixture’s viscosity was calculated using a
“Viscometer” in the “University of Southern Queensland”.
Several oil temperatures were taken into account
(10°C-80°C). “Scanning electron microscopy” was employed
to analyze the worn surfaces of the samples of mild steel. This
microscopy is labeled as “Joel” which belongs to the
“University of Southern Queensland”.

3. Results and Discussion

In this section, the results will be addressed of testing the
viscosity of different blends at different temperatures, the
wear data from tribological applications, and the surface
characteristics of mild steel treated with tested with different
blends and applications. Each parameter and its effect on
aspects such as the surface and wear of mild steel are dis-
cussed hereinafter.

3.1. Blends’ Viscosities. The viscosity results of the prepared
blends at different temperatures as measured with a Vis-
cometer are shown in Table 4. The results show the rela-
tionship between the temperature in “C and Viscosity in
Cp = MPa for four blends after applying heat from 10°C to
80°C.

Table 4 reveals that the viscosity of all the blends sig-
nificantly depends on temperature. In other words, the
results state that viscosity is reduced as temperatures in-
crease. The table demonstrates that the rise in the synthetic
percentage also rises the viscosity. The additive synthetic
appears to stabilize and increase the viscosity in the prepared
mixture because of the presence of the lubrication additives.
This rise in viscosity with the adding of synthetic oil may be
because of the fact that the synthetic oils include additives
like EVA which may substantially enhance viscosity, as
stated by Quinchia et al. [27].

3.2. Wear Behavior of Mild Steel Lubricated by Pure Canola
Oil. Figure 2(a) displays the WL in samples from mild steel
to sliding distances when lubricated by pure vegetable oil.
The figure illustrates that any rise in the sliding distance rises
the WL. This phenomenon may be described by the fact that
the rise in the sliding distance rises the material elimination
from the soft rubbing port surface which in this case is mild
steel. This result has been demonstrated by many articles
such as [28, 29]. The sliding distance linearly increases the
WL, as is well known, given the process of integration and
adoption between the rubbed surfaces, [30]. To explain this
further, the wear data are signified by a different type of
wear, the SWR against the sliding distance. The SWR in-
dicates the volume loss by the materials in terms of applied
sliding distance and load. This can help to clarify the use of
sliding surfaces when the rubbing time or the sliding
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TaBLE 1: Blend oil percentage.
Blend Percentage of canola Percentage of fully synthetic Castrol oil
1 100 0
2 80 20
3 60 40
4 40 60
5 20 80
TaBLE 2: Canola oil specification [24]. the sliding, not enough is being lifted to the surfaces. At high
speed, however, pure canola oil may separate the mild
Parameter Value . . .
lative density (g/cm’ 20°Clwater 2t 200) 09140917 stainless steel from the stainless steel counterface at a certain
Relative density (g/cm i water a OET level, resulting in poor material removal.
Cold test (15 hours at 4°C) Passed . .1
- o To show the influence of the sliding speed on the wear
Thermal conductivity (W/m’K) 0.179-0.188 . . . .
Refractive index (nD 40°C) 1.465-1.467 behavior .of the .mllld steel, ‘Fhe §pec1ﬁc wear rate of the ml@d
Smoke point (°C) 220-230 steel against sliding velocity is generated and plotted in

Viscosity (kinematic at 20°C, mm?/sec) 78.2

Specific heat (J/g at 20°C) 1.910-1.916
Crismer value 67-70
Flash point, open cup ("C) 275-290"

TasLE 3: Fully synthetic oil specification [25].

Colour Deep red
Base number 2.5
Sulfated ash, mass% <0.10
Flash point 94
Biodegradability, OECD 301B, % 64
Viscosity index 175
Density at 15°C, kg/L 0.895
Viscosity, kinematic, cSt

At 40°C 39

At 100°C 7.8

distance rises. Figure 2(b) shows the SWR against the sliding
distance of mild steel lubricated by pure vegetable oil. The
SWR begins at a high level and subsequently declines.
However, as the sliding distances increase, the decline in the
SWR value is not so marked. A technique is carried out
during the initial step of the rubbing process. In other terms,
the two surfaces are adopting one another for greater surface
integration. With further sliding (over 5km), the SWR is
steadily lower which represents the steady state of the
rubbing procedure. In other terms, the material elimination
remains constant corresponding to the sliding distance. It
must be noted that the “steady state” of the specified wear
rate is the value that the designer takes into account in the
production of components. This is a frequent trend in metals
and polymers because the interface or rubbed surfaces are
not very much modified while sliding. This behavior by two
different types of steel has recently been reported [31, 32].

The SWR of mild steel versus sliding velocity is created
and shown in Figure 3(a) to illustrate the impact of a sliding
speed on the wear performance of mild steel. This figure
demonstrates that the SWR against the counterface speed of
mild steel lubricated with pure vegetable oil is high when the
velocity is at a low level.

From the viscosity data presented in Table 4, it seems
that the pure canola oil velocity is low. In other terms, during

Figure 3(a). In Figure 3(a), the specific wear rate against the
speed of the counterface on mild steel under the pure
vegetable oil lubricant condition shows that the specific wear
rate is high at the level of low velocity. From the viscosity
data presented in Table 4, the velocity of the pure canola oil is
low. In other words, there is not enough lifting to the
surfaces during the sliding. However, at high speeds, the
pure canola oil can separate the mild steel from the stainless
steel counterface at a certain level which resulted in low
removal of materials.

The influence of the applied load lubricated by pure
vegetable oil on the SWR is demonstrated in Figure 3(b).
This figure shows that the SWR decreases with a load in-
crease from 100N to 140N and then increases with an
intermediate load value of 180N and then a sudden drop
with a very high load of 200 N. The rise in applied load must
be indicated here as a proportional relationship of the weight
loss to the material removed. However, it is extremely
difficult to connect this with the relationship between the
SWR as well as the applied load. These scattered measure-
ments of the SWR were prevented by numerous writers, who
present the data in terms of WL (such as [33]), or volume
loss (such as [34]). In contrast, Chin and Yousif [35] have
found comparable scattered values of SWR when testing
polymeric composites against stainless steel under various
applied loads. From this evidence, the findings of the tests in
the present research agree with those in the current
literature.

3.3. Wear Behavior of Mild Steel Lubricated by 20% of Syn-
thetic Oil and 80% of Canola Oil. This section is identical to
the above except that the lubricant properties could be
expected to be different because the findings in this section
are produced by a mixture condition of 80% of canola oil and
20% of synthetic oil. The findings are given in the same way
as those of the previous section. In other terms, wear test
results are studied under various operating conditions. With
respect to the loss in weight versus the sliding distance,
Figure 4(a) illustrates the WL versus sliding distance on mild
steel lubricated with a mixture of 80% of canola vegetable oil
and 20% of synthetic oil. The WL trend is like the trend
shown by the pure canola oil as a lubricant because an
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FI1GURE 1: The Tribo-test machine. 1 = counterface, 2 =BOR-load lever, 3 = dead weights, 4 = BOR-specimen, and 5=BOR-load cell.

TABLE 4: Viscosity findings for different percentage blends at various temperatures.

Temperature ("C) 80% SNO +20% VGO (mPas) 60% SNO +40%VGO (mPas) 40% SNO +60% VGO (mPas)

20% SNO +80% VGO

(mPas)
10 185.2 177.4 170 156
20 145.5 132.9 121 111
25 120.4 106.6 92 85
30 96 87.3 81.5 72
40 65 60.9 56.8 52.5
50 49 44.6 40.6 36.6
60 37.8 32.7 30.5 28
70 30.6 27.6 23.8 20.7
80 23.8 20.5 17.6 14.8
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FIGURE 2: (a) Weight loss and (b) SWR versus sliding distance of mild steel lubricated by pure vegetable oil.

increase in sliding distance raises the accumulated WL in the
preceding section (see Figure 3(a)). This is fully described in
the preceding section, where the removal of material is in a
proportional ratio to the sliding distance and is explained
and approved in the literature. However, it would be noted
here that the difference between this result and the preceding
one is that the viscosity of the lubricant is greater now than
before, which could have impacted the values of wear.

To display the SWR for the mild steel lubricated with 20
percent of synthetic oil mixed with 80 percent of canola in
connection with the sliding distance, Figure 4(b) is plotted.
The SWR rises with the rise of the sliding distance. This is not
the typical depiction with sliding distances of the SWR. The
typical pattern is a rise followed by a drop and then a steady
state. It seems that the major problem to raise here is the low
SWR on small sliding distances. This may be primarily
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FIGURE 4: (a) Weight loss and (b) SWR of mild steel versus sliding distance lubricated by a blend of 20% of synthetic oil and 80% of canola

oil.

because of the greater viscosity of the mixtures as compared
to pure canola, which indicates the common trend of the
SWR in relation to sliding distance (Figure 3(b)). Never-
theless, the mild steel was coated with lubricant at the initial
stage of the rubbing resulting in a drastic high reduction of
the material removed. This action has been reported by Mat
Tahir et al. [36] describing a PKAC-E (“palm kernel acti-
vated carbon-epoxy”) composite tested at high temperature.
In his study, he provided the presence in the interface of a
third body as the cause for the rise in the SWR, and the same
reason may also account for the present results.

Figure 5(a) indicates the impact of the sliding speed on
the SWR of the mild steel lubricated by a 20 percent syn-
thetic mixture. As with the previous data concerning pure
canola oil (Figure 3(a)), a drop in the SWR is shown with
every rise of the velocity. The primary reason is that more
lubricant is on the interface at a higher speed.

In the preceding section, the applied load influence on
the SWR was not significant, as the data were scattered

(Figure 3(b)). The SWR versus the load applied to mild steels
lubricated by a blend of a 20 percent SN as well as pure
canola oil reveals the same trend as the previous one as in
Figure 5(b). The discussion in the last part is identical to the
one given here. Despite these variations in the data, the
changes in the SWR are very small, a power of 10°%. In a
component design, it could be stated that no effect can be
traced on the mild steel wear performance on the applied
load because this is not a noticeable change in SWR values
[37].

3.4. Wear Behavior of Mild Steel Lubricated by 40% of Syn-
thetic Oil and 60% of Canola oil. This section discusses the
wear behavior of mild steel with a 40% synthetic oil mixture
in a lubrication state. Figure 6(a) shows the materials re-
moved during the rubbing process from the mild steel when
lubricated by a blend of 40 percent of synthetic oil over a
sliding distance. Similarly, to previous linked sections, the
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FIGURE 6: (a) Weight loss and (b) SWR of mild steel versus sliding distance lubricated by a blend of 40% synthetic oil and 60% canola oil.

weight loss of mild steel rises with a rise in the sliding
distance owing to the first removal from the surface of the
material, when pure canola (Figure 2(a)) and a synthetic oil
mixture of 20 percent were used (Figure 4(a)). It should be
noted here that the rubbed surfaces in the early stage have
tips that may be eliminated (high loss in weight) easily and
that sometimes the surfaces undergo pure adhesive wear.
Scherge and Linsler [38] thoroughly discussed and described
this step in the testing under lubricant contact circumstances
of various metal-metal contacts. However, in that study, the
primary emphasis was on the run-in stage, which may
provide a similar interpretation in relation to the friction
coefficient.

Figure 6(b) displays the SWR against the sliding distance
of mild steel lubricated by a 40 percent SN as well as pure
vegetable oil blended. The figure indicates variations in the

SWR value; however, it must be noted that variation in terms
of value is extremely small, as the range of the SWR is
approximately +0.25 10~%. As already stated in Section 3.3,
this quantity can safely be ignored in the design of the
component. In other words, it can be said that the sliding
distance has a very minor influence on the SWR of the mild
steel. This may be because of the increased proportion of
synthetic oil compared to the blend in earlier sections. Some
additives such as EVA serve as coating agents in synthetic oil
to inhibit material removal.

Figure 7(a) introduces the SWR against the counter-
face sliding speed on mild steel lubricated by a 40%
percent synthetic oil mixture. The SWR starts high and
then decreases. Generally, the figure indicates that the rise
of the sliding velocity leads to a decrease in SWR. The
trends in the SWR in the connection to velocity are similar
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FIGURE 7: SWR of mild steel lubricated by a 40% synthetic and 60% canola oil blend against (a) speed and (b) load.

to those shown in this section in the 40 percent synthetic
oil mixture in Figures 3(a) and 5(a) for pure canola and
synthetic oil mixture lubricants of 20%. Likewise, the rise
in velocity encourages the lubricant to flow over the in-
terface where the lubricant acts as a separating agent. Yet,
very small amounts of materials are removed, amounting
to 107° value. Figure 7(b) presents the SWR versus the
load applied on the mild steel lubricated by a 40 percent
synthetic oil mixture. The SWR begins to be high and then
drops to a low level. However, when we determine the
weight loss only, a rise in the applied load rises the re-
moval of materials. The SWR is reduced in terms of
material removal in relation to the applied load values.
The drop value is approximatelyl10™'° mm?/N.m.

3.5. Wear Behavior of Mild Steel Lubricated by a 60% Synthetic
Oil and 40% Canola Oil Blend. Figure 8(a) illustrates the
sliding distance versus weight loss on mild steel lubricated by
60 percent synthetic oil mixed with 40 percent canola oil.
Essentially, the increase in the sliding distance results in an
increased WL. The linear relationship between WL and the
sliding distance is evident in this figure, which resembles
those exhibited before involving pure canola, a 20 percent
synthetic mixture, and a 40 percent synthetic mixture. The
reason for this behavior is discussed in depth in previous
sections.

Figure 8(b) shows the SWR versus the sliding distance
of mild steel lubricated with 40 percent pure vegetable oil
and 60 percent SN blend. The SWR starts at high and then
maintains a steady state. This behavior is common of all
the substances that manifest high material eliminated in
the 1° phase, the running-in interval, by following a
steady state that presents the efficiency of the mild steel for
long periods when lubricated by this blend. From this
figure, the SWR of the mild steel is equivalent to 3
10" mm’/N.m at the steady stage after approximately
5km sliding distance or more.

Figure 9(a) introduces the SWR versus the velocity of the
counterface on mild steel lubricated by a 60 percent syn-
thetic oil mixed with 40% canola oil. The SWR is fluctuating.
In comparison to previous findings for pure canola, 20
percent synthetic, and 40 percent synthetic lubricants, the 60
percent of synthetic oil illustrates an unremarkable impact
on the SWR of the mild steel with respect to velocity. This
may be caused due to a variety of factors, like the dirt
thickness, lubricant adherence to the surface, or debris
washing on the interface. On the basis of the available data,
the high viscosity of this mixture is the main cause con-
trasted with the low proportion of syntactic oil in other
mixtures. The high-velocity oil enters the interface and
performs an important role in cooling down the area car-
rying the debris or/and spreading it over the surface.

Figure 9(b) presents the SWR against the load applied on
the mild steel lubricated by 60 percent synthetic oil. Like the
preceding trends in pure canola, the applied load for this
combination is 20 percent of synthetic oil and 40 percent of
synthetic oil.

3.6. Wear Behavior of Mild Steel Lubricated by 80% of Syn-
thetic Oil and 20% of Canola Oil. The wear findings of the
mild steel sliding versus the counterface of the stainless steel
lubricated by 80 percent synthetic oil mixed with 20 percent
canola oil are shown in Figures 10 and 11 in various op-
erating conditions. In regard to weight loss, Figure 10(a)
displays the WL versus sliding distance on mild steel lu-
bricated by an 80 percent synthetic oil mixture. Generally,
the increase of sliding distance leads the weight loss to rise.
This is a trend similar to those demonstrated before when
various mixtures were employed; the rise in WL is a well-
known phenomenon.

Regarding the sliding distance effect on the SWR,
Figure 10(b) shows the SWR versus the mild steel sliding
distance lubricated by an 80 percent synthetic mixture.
The SWR range may be observed at approximately 8
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FIGURE 9: SWR of mild steel lubricated by 60% synthetic and 40% canola oil blended against (a) speed and (b) load.

10~* mm’/N.m. The change in the SWR is in a range of +2
10" mm’/N.m. The substantial effect of the sliding dis-
tance on SWR cannot be seen. It may be suggested that the
cause for this is the high viscosity of the blend, which
consists of 80% synthetic oil, introducing a higher vis-
cosity than any previous blend. At their high viscosity, the
ability to separate mild steel and stainless steel on two
rubbed surfaces is greater than separating those at the
low-viscosity surfaces.

Figure 11(a) represents the SWR versus the counterface
sliding velocity on mild steel lubricated by 80% of synthetic
oil blended with 20 percent of canola oil. Generally, it may be
observed from this figure that a rise in velocity increases the
SWR. It was noted that the lubricant utilized to gain this
result is highly viscose. The high viscosity related to high
interface speed may exert an adverse effect on the material’s
wear rate [39, 40].

Figure 11(b) shows the SWR versus load applied to mild
steel lubricated by the 80 percent synthetic oil mixture. The
rise in the applied load displays a reduction in the SWR; this
behavior was shown earlier by mild steel under the con-
ditions imposed by other mixtures. The cause for this is
described above.

3.7. Influence of Synthetic Oil on Wear Behavior of the MS.
To display the” impact of various mixtures on the SWR of
the mild steel due to an optimized “mixing ratio”, the SWR
versus the mild steel sliding distance lubricated by all kinds
of mixtures is shown in Figure 12. It may be said that the
findings for all the blends here are comparable. The pure
canola vegetable oil displays intermediate behavior com-
pared to synthetic oil, particularly under steady-state con-
ditions. The combination of the two oils appears to have
distinct effects as the low synthetic oil percentage sub-
stantially improves the lubricant characteristics of the oil,
resulting in the lowest SWR of all. But adding a high per-
centage of synthetic oil worsens the lubricant characteristics
that indicated a high removal of materials from the mild
steel.

3.8.  Scanning  Electron  Microscopy  Observations.
Figures 13-15 show the surface morphology of the surfaces
worn with mild steel. They were tested using various lu-
bricants at 2m/s sliding velocities, 10 km sliding distance,
and 20N applied load.

In the condition of pure canola oil lubricant
(Figure 13(a)), pure adhesive wear seems to be a smooth
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surface. This shows the removal of few materials from the  Figure 13(b) displays the 20 percent synthetic oil mixed with
mild steel surface, which supports the findings provided in 80 percent canola utilized as the lubricant is an indication of
Figure 12. Low-viscosity oil may assist in heat reduction in  the abrasive nature of the mild steel surface. This may en-
the interface and debris washing [41, 42]. On the other hand, = courage the concept that increasing the viscosity of the
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lubricant allows the debris to be carried away and enters the
interface by adding the synthetic oil. In other terms, the
adhesive wear transfers into an abrasive surface.

Figure 14 exhibits the surface morphology of the worn
surface of mild steel lubricated by 40% synthetic oil and 60%
canola oil. Figure 14 shows further abrasiveness similar to
what appears in Figure 13(a). As a higher viscosity lubricant
was utilized to create the worn surface in this figure, it
verifies the concept of high viscosity removing debris and
therefore converting adhesive wear into abrasive surfaces
leading to the removal of the plentiful material (Figure 12).

Figures 15(a) and 15(b) show the severely abrasive
surface and the mild steel degradation, supposed to be
caused by the three abrasive characteristics.

4. Conclusions

The primary aim of this work was to analyze the canola oil
viscosity and its mixtures with various totally synthetic oil
ratios and to examine the effect of those developed mixtures
on the wear behavior of mild steel, rubbed against the
counterface of stainless steel. The findings showed a
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relatively low viscosity of canola oil compared to oils pre-
viously examined in the literature like cotton, soy, and palm.
However, this may be advantageous for some uses of low-
viscosity canola oil, like bushes, slides, and bearings. Some
particular results of this study may be discovered in the
following points.

Table 4 evidently shows that the viscosity of all the blends
together relies upon temperature; that is, the outcomes
reveal that viscosity is diminished as the temperature rises.

(1) Mixing canola oil with synthetic oil enhances the
lubricant’s viscosity, thus improving its properties
under certain circumstances. The lubricant is capable
of spreading the two rubbed surfaces using a lu-
bricant layer with high viscosity. However, high
viscosity oil may carry away the worn debris, and this
debris may enter the interface and create three-body
abrasion, leading to the removal of such material

(2) For the tribological findings, the operating condi-
tions have the fundamental charge of regulating the
wear performance of the mild steel lubricated by all
kinds of blends. Increasing the sliding distances
increases the WL in all working conditions and
mixtures of the mild steel. However, for most of the
operating conditions, the SWR achieved a steady
state after approximately 5km sliding distance

(3) Regarding the effect of the mixtures on the wear of
the mild steel, the mixing ratio of canola and syn-
tactic oil had no influence, as pure canola oil revealed
competitive wear performance, as did the various
blends. Yet, the intermediate mixing ratio (40% to
60% synthetic oil blended with 60% to 40% canola
oil) generated slightly low SWR compared with the
others
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