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Abstract

This study investigates the effects of a mixture of graphite and snail slime as a lubricant on the wear performance of aluminum.
Environmental concerns associated with conventional lubricants have led to current attention on bio-based lubricants. Bio-based
lubricants have several positive effects on the environment that include: biodegradability, lower carbon footprint, non-toxicity,
and minimal waste generation. The current study considers the prospective of using snail slime as lubricants. The experimental
setup involved subjecting aluminum samples to various wear tests, with the use of different graphite and snail slime mixture as
lubricant. The wear test was done using a pin on disc tribometer, with aluminum as the pin. Through experimental testing and
analysis, it was found that this mixture exhibits promising results in terms of reducing material loss, volume loss and wear rate in
aluminum-based systems. Snail slime and graphite ratio of 2: 1 improves the lubricating effect of graphite by 89.84% with the
application of 10 kg load. The results show that the wear resistance of aluminum significantly improves with the addition of the
graphite and snail slime lubricant, compared to traditional lubricants. The incorporation of graphite and snail slime has shown to
improve the lubricating properties of the graphite, thereby enhancing the performance of aluminum in various applications. This
innovative lubricant has the potential to revolutionize the field of tribology and contribute to the development of more efficient
and environmentally-friendly lubricants. Further research is required to fully understand the mechanism behind the improved
lubrication and to optimize the composition of the mixture for different types of aluminum alloys. This study presents a novel and
effective solution for improving the wear response of aluminum, making it a valuable contribution to the academic literature on
tribology. The results of this research shed light on the potential of using unconventional lubricants, such as snail slime, to
enhance the wear performance of aluminum in various applications.
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1. Introduction

Most conventional lubricants are associated with envi-  are biodegradable and environmental friendly while control-
ronmental concerns making bio-lubricants viable alternatives ling friction, reducing wear and corrosion, and protecting the
with increasingly interests to researchers [1-4]. Bio-lubricants ~ components’ surface from excessive heat and debris. Mo-
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barak et al. [5] and Tuaweri and Ajoko [1] highlighted some
of the benefits of using bio-lubricants as low toxicity, good
anti-wear characteristics, excellent coefficient of friction,
natural multi-grade properties, rapid biodegradability and
emission of net zero greenhouse gases. Most studies on
bio-lubricants centered on plant oils [5-9].

There are various species of snails in the world, with four
being most prominent in Nigeria, namely; Archachatina
marginata (suturalis), Archachatina marginata (ovum),
Achatina achatina, and Limcolaria spp [10]. Snails and slugs
are characterized by slimy trails of their slime left behind their
path [11]. Snails secrete a certain slime whenever excited, and
this slime is made up of glycoproteins [12]. Slime is produce
by suprapedal glands and has the capacity to serve as moist-
urizer, lubricant and adhesive [13]. This hydrogel-like slime
has increasingly been used for medical, cosmetic as well as
bioengineering purposes. The medical aspect being that it aids
the formation of collagen and elastin, repairs damaged tissues,
restores hydration among many others [14]. It has been re-
ported that slime contains ingredients that have therapeutic
effects on human skin and has been used in cosmetic indus-
tries in the production of skin care creams [12, 14-16]. It can
be used in treating dry skin, wrinkles and stretch marks, acne
and rosacea, age spots, burns, scars and many more, including
razor bumps. Moreover, it is useful as antibacterial, analgesic,
and can be used in hemostasis [14]. Snail slime has been
reported to have lubricating effect [12, 13, 17] and this natural
property could be harnessed. Thus, with regard to bioengi-
neering, the slime is of a slippery nature, and is also able to be
used as a lubricant, as seen in snails themselves. Snails, in
movement, secrete slime to reduce friction between them and
the surface they move on, thus snail slime is in effect a lub-
ricant, and may be useful in contact engineering.

Lubrication under dry condition is usually possible as a
result of solid lubricants, which have low shear strength.
Graphite, molybdenum disulfide and polytetrafluoroethylene
are some common solid lubricants. Graphite has excellent
lubrication characteristics when used as a solid lubricant [18].
About 3-4 wt % of graphite decreases the friction coefficient
of copper—graphite composites from 0.92 to 0.29 and reduces
the wear rate significantly [19]. Graphite-oil based nano-fluid
improves the friction-reducing and anti-wear properties of
vegetable based oil by forming a physical deposition film on
the friction surfaces [20]. Tribological investigations of
nano-lubricants reveal that nano-graphite-based
nano-lubricant contributes about seven times improvement in
the wear property and thirteen times amplification in the fric-

tional property, compared to conventional base engine oil [21].

It has been reported that using graphite as filler material
greatly enhances the tribological properties of the epoxy resin,
by reducing the friction coefficient and the wear rate [22].
Most engineering applications involve the relative motion
between contacting surfaces. The problem is the presence of
excessive friction in such engineering activities which causes
wear and damage of materials and equipment. Thus creating

92

the need for the production of a better lubricant to aid in
eliminating or reducing friction to the barest minimum. The
aim of this study is to investigate the wear response of alu-
minum, using graphite and snail slime mixture as a lubricant.

2. Materials and Methods

Aluminum with a diameter of 8 mm and a length of 30 mm,
2.0 g of Archachatina marginata snail slime and 3 kg of
graphite procured from Plateau State in Nigeria were used for
the investigation. Methods employed for the data analyses and
presentation are of three different categroies, there are:
characterization of snail slime, characterization of crystalline
graphite and wear test on crystalline graphite mixed with snail
slime.

2.1. Characterization of Snail Slime

Gas Buck 530 gas chromatograph equipped with an on-—
column automatic injector was used in determining the or-
ganic compositions of the snail slime. 5ml of the extracted
snail slime was mixed with 20ml of hexane. The mixture was
agitated and separated using separating funnel and the hexane
layer was used for the analysis. 1ml of hexane layer was
transferred into a vial ready for analysis.

Also, the inorganic compositions of the snail slime analysis
was conducted using Varian AA240 Atomic Absorption
Spectrometer. A series of standard metal solutions in the
optimum concentration range was prepared, the reference
solutions were prepared by diluting the single stock element
solutions with water containing 1.5ml concentrated nitric
acid/litre. A calibration blank was prepared using all the re-
agents except for the metal stock solutions. Calibration curve
for each metal was prepared by plotting the absorbance of
standards versus their concentrations.

2.2. Characterization of Crystalline Graphite

The graphite was ground into tiny particles using a ball mill,
and 10 g of graphite was weighed out with the Toolour E-100
weighing scale. The mineral content was determined using the
Shimadzu x-ray fluorescence analyzer EDX-720. The
graphite sample was fed into the inlet compartment for
radiation. As the graphite sample was radiated, the excited
electrons lost excitement and released the absorbed radiation.
The unique wavelengths of the rays released were observed
and the mineral contents were thus determine. The XRF
analysis was run twice, over a total period of 100 seconds, and
the XRF was fed with a voltage of 40 KV and a current of 50
mA.

2.3. Wear Test on Crystalline Graphite Mixed
with Snail Slime

The aluminium was heated to a temperature of 700<C in a
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gas furnace, past its melting point of 660<C to prevent
immediate re-solidifying upon extraction. The melted
aluminium was then poured into the mould shaped as the pin
with a diameter of 8 mm and a length of 30 mm, and allowed to
solidified in ambient temperture. The pin-shaped aluminium
was inserted as the pin in the Fadak pin-on-disc tribometer.
Snail slime was extracted by passing a low voltage through
the sample snails, producing 3 g of snail slime. The ground

graphite and the extracted snail slime were mixed in different
proportions. The mixture was stirred rigorously to obtain a
homogenous mixture. This graphite-slime mixture was
overlaid on the disc of the tribometer, and varying loads were
applied on the aluminium pin during the experiments, keeping
the pin in constant contact with the disc. The eight samples
used in the experimental runs were described in table 1. Table
2 presented the input parameters for the wear test.

Table 1. Description of samples.

Sample Description
A The control test without any lubricant
0.5 g of snail slime only used as lubricant

o 0.5 g of graphite only used as lubricant

D1 0.5 g of snail slime mixed with 0.05 g of graphite

D2 0.5 g of snail slime mixed with 0.10 g of graphite

D3 0.5 g of snail slime mixed with 0.15 g of graphite

D4 0.5 g of snail slime mixed with 0.20 g of graphite

D5 0.5 g of snail slime mixed with 0.25 g of graphite

Table 2. Input parameters for the wear test.

Sample Load (kg) Speed (rev/min) Time (sec) Distance (m)

A 2 1400 90.47 530.154
5 1400 180.65 1058.609
10 1400 179.29 1050.639

B 2 1400 90.49 530.271
5 1400 180.64 1058.550
10 1400 179.35 1050.991

C 2 1400 90.43 529.920
5 1400 180.69 1058.843
10 1400 179.29 1050.639

D1 2 1400 90.44 529.978
5 1400 180.58 1058.199
10 1400 179.38 1051.167

D2 2 1400 90.48 530.213
5 1400 180.65 1058.609
10 1400 179.23 1050.288

D3 2 1400 90.49 530.271
5 1400 180.23 1056.148
10 1400 180.30 1056.558
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Sample Load (kg) Speed (rev/min) Time (sec) Distance (m)
D4 2 1400 90.22 528.689

5 1400 180.31 1056.617

10 1400 179.30 1050.698
D5 2 1400 90.25 528.865

5 1400 180.47 1057.554

10 1400 180.12 1055.503

There were eight samples used in the twenty four
tribological tests, running three tests per sample at different 3. Results and Discussion
loads, and three tests for the control test. The samples were
placed at a radius of 40 mm from the centre of the disc, and
the pin was set to make contact at the same distance from the
centre. All tests were conducted at a rotational speed of 1400
rpm, and the wear of the aluminium pin was observed by the
continual weighing of the pin. The three loads used were 2 kg,
5 kg and 10 kg. The 2 kg were tested for a duration of roughly
90 seconds, and the 5 kg and 10 kg loads were tested for
durations of roughly 180. Basically, the amount of wear of the
aluminum pin was measured, as the aluminum pin was
weighed before and after each experiment. The most wear
was experienced in the control test which had neither snail
slime nor graphite as a lubricant.

3.1. Gas Chromatograph Analysis of Organic
Metals of Snail Slime

Gas chromatograph test conducted on the snail slime
revealed that about twelve organic compound are present in the
snail slime as indicated in table 3. The organic components
comprise of long linear chains and benzenoic chains. Notable
among the component is octadecane used as solvent, lubricant,
transformer oil and anti-corrosion agent. Moreover, diethyl
phthalate is used as a plasticizer in a wide variety of consumer
products, including plastic packaging films, cosmetic
formulations and toilrtries, as well as in medical treatment
tubing. Cyclotrisiloxane hexamethyl an organosilicon com-
pound with single bond aromatic ring has an excellent mois-
turizing property and has been reported as one of the major
compounds in essential oil of sedum pallidum [23].

Table 3. Organic Components of Sample Snail Slime.

Component Retention Area Height External Units
Oxime-methoxy-phenyl 1.883 3733.4476 212.018 8.4108 Ppm
Cyclo-trisiloxanehexamethyl 4.596 3462.5282 210.938 2.0044 o/ml
Hexadecane 8.746 17782.1411 968.052 11.7090 Ppm
Diethyl phthalate 12.666 6589.1400 373.983 2.4256 po/ml
10-methylnonadecane 15.696 15646.2445 872.729 13.5857 o/mi
Pentadecane 18.260 10783.8175 578.227 15.6016 ro/ml
Hexatriacontane 24.106 4628.3302 262.965 5.5363 o/ml
1-2-Benzene dicarboxylic acid 29.116 17749.1294 994.076 10.2745 Ppm
Vitamin C 31.413 8523.0996 483.918 5.6122 mg/ml
Tetradecane 32.353 13097.7557 739.537 2.0231 Ppm
Nonadecane 39.246 5361.1156 304.460 0.9534 Ppm
Octadecane 45.350 8269.4048 477.570 3.6309 Ppm
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3.2. Atomic Absorption Spectrometer Analysis

An atomic absorption spectrometer was used to investigate
the inorganic components of the snail slime. The snail slime
was found to contain the following elements; zinc, iron,
manganese, calcium, molybdenum, sodium, potassium,
phosphorus, silicon, magnesium, carbon and oxygen. Table 4
shows the various inorganic components found in snail slime
and their compositions.

Table 4. Inorganic components of snail slime.

Element Composition Unit
Zinc 0.024 Ppm
Iron 0.272 Ppm
Manganese 0.088 Ppm
Calcium 1.834 Ppm
Molybdenum 0.305 Ppm
Sodium 6.372 Ppm
Phosphorus 0.834 mg/I
Potassium 7.082 Ppm
Silicon 0.00 Ppm
Magnesium 2.878 Ppm
Carbon 0.147 %
Oxygen 50 mg/kg

Phosphorus at high temperatures of about 200 <C, can be
converted to a flaky black crystalline form which somewhat
resembles graphite, and is the most stable known form of
phosphorus. This temperature can be achieved during some
activities involving friction, and the graphite-like state which
is the most desirable state of phosphorus is attained.
Additionally, due to the electronic configuration of
phosphorus, phosphorus forms covalent bonds. The outer
shell arrangement containing five electrons has three
half-filled orbitals, each capable of forming a single covalent
bond and an additional lone pair of electrons. The single
standing electrons form covalent bonds, and as such can give
it an oxidation state of +3 or -3. Oxygen is also present among
the constituents of the snail slime sample. It plays an
important role in the slimy nature of snail slime, aiding the
formation of glycoproteins. Phosphorus calcium, and zinc
have been identified as major additives in virgin lubricating
oils [24].
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Carbon is known to bond commonly with nitrogen, oxygen
and phosphorus. Graphite however bonds under special
conditions. For a graphite bond with oxygen. The graphite
needs to have attained a high enough temperature of roughly
400°C. It plays an important role in the slimy nature of snail
slime, aiding the formation of glycoproteins. Carbon also
bonds with silicon which is of a similar composition, having
the same number of electrons in the outer shell, but a greater
number of shells. But graphite bonds mainly in high heat
conditions. However, oxidized graphite can be decomposed
thermally or electrically, but since friction has minimal
activity to do pertaining electricity, the main concern is the
thermal decomposition of graphite oxide. Graphite gets
reduced when subjected to annealing (great heating, then slow
cooling) in the presence of nitrogen. But the magnitude of
nitrogen present is not enough to have this effect, neither is the
heat generated in the lubricating process enough.

3.3. X-ray Fluorescence on Graphite

A sample of graphite was tested for its mineral content
using the XRF analysis and seven components were found as
seen in figure 1

Graphite Content (%)

1.28

2.36

3.12

m fe

Figure 1. Pie chart representing atomic components of graphite.

The elements detected in the graphite are oxygen making
up 45.51% of the graphite, carbon at 24.55%, silicon at 11.6%,
aluminium at 10.38%, copper at 3.12%, bromine at 2.36% and
iron being the least present at 1.28%.

3.4. Tribology of Graphite-Slime Mixture

The results of the wear tests are presented in Table 5.
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Table 5. Wear test results.

Sample Weight before (g) Weight after (g)
8.385 8.373 0.012
A 8.373 8.361 0.012
8.361 8.312 0.049
8.336 8.331 0.005
B 8.331 8.326 0.005
8.326 8.316 0.010
8.219 8.210 0.009
C 8.210 8.180 0.030
8.180 8.162 0.018
8.384 8.377 0.007
D1 8.377 8.362 0.015
8.362 8.350 0.012
8.324 8.324 0.000
D2 8.324 8.322 0.002
8.322 8.309 0.013
8.363 8.363 0.000
D3 8.363 8.363 0.000
8.363 8.352 0.011
8.319 8.319 0.000
D4 8.319 8.319 0.000
8.319 8.310 0.009
8.263 8.263 0.000
D5 8.263 8.263 0.000
8.263 8.258 0.005

For the control (sample A), the pin reduce from a weight of
8.385 g to a weight of 8.373 g with the application of 2 kg load.
The pin was then observed to reduce from the weight of 8.373
g to the weight of 8.361 g after 180.65 seconds with
application of 5 kg load. Finally, after 179.29 seconds with
application of 10 kg load, the weight was reduced from 8.361
gto 8.312 g. There was a total weight loss of 0.073 g.

Consequently, the wear test was performed on sample B,
showed that the pin reduce from a weight of 8.336 g to a
weight of 8.331 g, giving a weight loss of 0.005 g due to wear
after 90.49 seconds of applying 2 kg load. The pin was then
observed to reduce from the weight of 8.331 g to the weight of
8.326 g, producing a weight loss of 0.005 g due to wear after
180.64 seconds of application of 5 kg load. Finally, after
179.35 seconds of application of 10 kg load, the weight
reduced from 8.326 g to 8.316 g, with a weight loss of 0.01 g.
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Weight loss (g)

Volume loss (m®) Wear rate (mm?*/N-m) x107

4.4444 4.2728
4.4444 0.8559
18.1482 1.7608
1.8519 1.7800
1.8519 0.3567
3.7037 0.35923
3.3333 3.2060
11.1111 2.1394
6.6667 0.6468
2.5926 2.4933
5.5556 1.0703
4.4444 0.4310
0 0
0.7407 0.1427
4.8148 0.4673
0 0

0 0
4.0741 0.3931
0 0

0 0
3.3333 0.3234
0 0

0 0
1.8519 0.1788

The total weight loss for sample B was 0.02 g. Thus, there was
less wearing of sample B than observed in the control sample.

Moreover, the wear test performed on sample C showed the
the pin reduce from a weight of 8.219 g to a weight of 8.210 g,
with a weight loss of 0.009 g after 90.43 seconds of applying 2
kg load. The pin was then observed to reduce from the weight
of 8.210 g to the weight of 8.180 g, giving a weight loss of
0.030 g after 180.69 seconds of application of 5 kg load.
Finally, after 179.29 seconds of application of 10 kg load, the
weight reduced from 8.180 g to 8.162 g, with a weight loss of
0.018 g. The total weight loss obersved with sample C was
0.057 g. This showed more weight loss than using only snail
slime as lubricant. In essence, though graphite has a
lubricating effect, snail slime seems to reduce wearing of
aluminum better.

Considering sample D1, the aluminum pin was noticed to
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reduce from a weight of 8.384 g to a weight of 8.377 g, with a
weight loss of 0.007 g after 90.44 seconds of applying 2 kg
load. The pin was then observed to reduce from the weight of
8.377 g to the weight of 8.362 g, producing a weight loss of
0.015 g after 180.58 seconds of application of 5 kg load.
Conversely, with application of 10 kg load at 179.38 seconds,
the weight was reduced from 8.377 g to 8.350 g, with a weight
loss of 0.027 g. The total weight loss experenced by the
aluminum pin with the mixture of 0.05 g of graphite and 0.5 g
of snail slime was 0.034 g. This was an improvement on using
only graphite as lubricant.

The wear test was performed on sample D2 indicated that the
pin maintain the weight of 8.324 g after 90.48 seconds of
applying the load of 2 kg. The pin was then observed to reduce
from the weight of 8.324 g to the weight of 8.322 g, producing a
weight loss of 0.002 g after 180.65 seconds of applying 5 kg
load. The application of the 10 kg load for 179.23 seconds led
to reduction of weight from 8.322 g to 8.309 g, with a loss of
0.013 g. There was a total weight loss of 0.015 g. This ratio of
snail slime to graphite has therefore proven to be a better
lubricant than snail slime alone, in that lost of material to wear
was less.

The result of the wear test performed on sample D3 showed
that the pin did not loss any weight when a load of 2 kg was
applied for 90.49 seconds. The pin did not even reduce in
weight with the application of 5 kg load for 180.23 seconds. It
maintained its weight of 8.363 g after of application 5 kg load.
But with the application of the 10 kg load for 180.30 seconds
the weight was reduced from 8.363 g to 8.352 g, with a weight
loss of 0.011 g. Therefore, the mixture of 0.5 g of snail slime
with 0.15 g of graphite proved to be an efficient wear reduction
medium. It recorded only a total wear lost of 0.011 g which is
less when compared with when either snail slime or graphite is
used alone.

The wear test performed on sample D4 revealed that the pin
did not wear out when loads of 2 kg and 5 kg were apllied for
90.22 seconds and 180.31 seconds respectively. Nevertheless,
it lost a weight of 0.009 when a load of 10 kg load was applied
for 179.30 seconds. It implies that the mixture of 0.5 g of snail
slime with 0.20 g of graphite exhibited an excellent lubrication
ability. The mixture performed better than using the lubricants
independently.

The wear test performed on sample D5, having 0.5 g of
snail slime mixed with 0.25 g of graphite showed that the pin
maintained its weight of 8.263 g with the application of 2 kg
and 5 kg load for 90.25 seconds and 180.47 seconds
respectively. The appplication of 10 kg load for 180.12
seconds led to weight reduction from 8.263 g to 8.258 g, with
a weight loss of 0.005 g. Hence, the total weight loss was
0.005 g signifying that the ratio of 0.5 g of snail slime to 0.25
g proved to be the most efficient in wear prevention than the
previous tests, with a negligible wear. In general, there was a
noticeable trend in wear rate being directly proportional to
graphite quantity in the mixture, with an exception of sample
D1, and there was also visible wear prevention, or minimal
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wear, under conditions of low load. The respective total
weight lost in each of the eight lubrication conditions are
represented in Figure 2 with the most weight loss occurring in
sample A and the least weight loss is associated with sample
D5. Therefore, mixing graphite with snail slime reduces ma-
terial loss due to wear in aluminum surface contact.
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0.07 -
5006 -
2 0.05 -
0.04 -
0.03 -
0.02 -
0.01 -

0 .

Weight los

A B C D1 D2 D3 D4 D5

Samples

Figure 2. Plot representing total weight loss by the samples.
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Figure 3. Volume loss by the samples with application of 2 kg load.

The volume lost by the samples due to the applications of
various loads are presented in figures 3 to 5. The volume loss
was evaluated using equation 1. The loss of volume due to the
application 2 kg load is illustrated in figure 3. It was found
that the most volume loss of 4.44 m*was due to wear in the
experimental run with sample A, followed by the run with
sample C, where a volume of 3.33 m* was lost. Sample B
recorded the lowest volume loss of 1.85 m®. Samples D2, D3,
D4 and D5 recorded negligible volume losses indicating that
at lower loading, the mixture of graphite and snail slime has
the capacity to serve as a good lubricant.
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Figure 4. Volume loss by the samples with application of 5 kg load.

The volume loss due to the application of 5 kg load was
illustrated in figure 4. It was found that sample C lost most
volume (11.1 m®) due to wear, followed by the run with
sample D1 that lost a volume of 5.56 m>. Sample D2 recorded
least volume loss of 0.74 m®while and samples D3, D4, and
D5 recorded no volume loss. It implies that at moderate load
of 5 kg, samples having 0.5 g of snail slime with 0.15 g of
graphite, 0.5 g of snail slime with 0.20 g of graphite and 0.5 ¢
of snail slime mixed with 0.25 g of graphite gave excellent
wear resistance.

20

Qo

(=]

E 151

:E

w) -

R

3 =

5 5

=

>

0 -
A B C D1 D2 D3 D4 D5
Samples

Figure 5. Volume loss by the samples with application of 10 kg
load.

The loss of volume by the samples with application of 10
kg load was illustrated in figure 5. It was found that the most
volume was lost due to wear in the experimental run with
sample A, followed by the run with sample C, the run with
sample D2, the run with sample D1, the run with sample D3,
the run with sample B, the run with sample D4 and finally the
least volume loss was seen in the run with sample D5. All the
samples recorded volume lost with the application of 10 kg
load, though sample D5, 0.5 g of snail slime mixed with 0.25
g of graphite, exhibited reasonable wear resistance. The
combination of graphite and snail slime improves the
lubricating capability of graphite and reduces the volume loss

98

by contacting members.

2
:q 45 4.2728
=y} 4 -
T =
2 0 35 - 3.206
sz 3 2.4933
Em 2.5 -
£ g 5 | 178
S~ 15 -
B .
1 -
0.5 - 0o 0 0 o0
0 T T T T T 1
A B C D1 D2 D3 D4 D5
Samples
Figure 6. Plot of wear rate at load of 2 kg.
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Figure 7. Plot of wear rate at load of 5 kg.

Figure 6 depicted the wear rates of the samples due to the
application of 2 kg load. The wear rate is computed using
equation 2 [25]. It was found that the highest wear rate of 4.27
X 107 mm®N-m is associated with sample A being the con-
trol sample without any lubricant. Sample C, having 0.5 g of
graphite only as lubricant that recorded wear rate of 3.206 X
10" mm?/N-m. Sample D1, having 0.5 g of snail slime mixed
with 0.05 g of graphite recorded wear rate of 2.49 X 107
mm?N-m, while sample B with 0.5 g of snail slime only as
lubricant had the least wear rate of 1.78 mm®Nm. Samples D2,
D3, D4, and D5 recorded zero wear rate.

Aw

- PXV XtXF

O]

Figure 7 represented the wear rates as evaluated for 5 kg
loading for the eight samples. It was found that the highest
wear rate is associated with sample C, followed by sample D1,
sample A, sample B and finally sample D2, with the rest of the
samples having negligible wear rates.
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Figure 8. Plot of wear rate at load of 10 kg.

Figure 8 represents the wear rates of 10 kg loading for the
eight samples. It could be observed that the highest wear rate
of 1.76 X 107 mm*N-m is associated with sample A, being
the control sample without any lubricant. It is followed by
sample C, having 0.5 g of graphite only as lubricant that rec-
orded wear rate of 0.65 X 107 mm®*N-m while sample D5,
having 0.5 g of snail slime mixed with 0.25 g of graphite
recorded the least wear rate of 0.1788 X 107 mm?N-m. It
could be seen that as load increases, graphite lubricating
prowess decreases; but it could be enhanced by adding snail
slime. The addition of 0.5 g of snail slime to 0.25 g of graphite,
that is snail slime and graphite ratio of 2: 1 improves the
lubricating effect of graphite by 89.84%.

Experimental runs with application of 2 kg load revealed
that sample A experienced the highest wear rate of 4.2728 X
107 mm®N-m. Whereas in the experimental runs with ap-
plication 5 kg load, sample C recorded the highest wear rate of
2.1394 X 107 mm*N-m. Finally, with application of 10 kg
load, sample A experienced the highest wear rate of 1.7608 X
107 mm*/N-m. It implies that at moderate loading, graphite
can serve as a good lubricant but at low and high loadings, the
addition of snail slime might be needed to reduce the effects
of wear to as low as practically possible.

4. Conclusions

This work considered with the development of improved
lubricant (graphite-slime mixture), for the solution of the
persistent problem of wear due to relative moving members.
It was found that there was more evident of wear in the
control sample without any lubricant compared to the
slime-only, graphite-only, and graphite-slime scenarios. It
was also found that there was more evident of wear in the
graphite-only scenario than in the slime-only, indicating that
snail slime is natural lubricant containing octadecane,
phosporous, and carbon with other components. It was found
that the wear was greatly reduced by graphite-slime mixture.
Snail slime and graphite ratio of 2:1 improves the lubricating
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effect of graphite by 89.84% with the application of 10 kg
load. Thus, the graphite-slime mixture is a viable lubricant,
with a higher lubricity and lower wear rate.

Abbreviations

F Force (N)

t Time (sec)

P Density (g/cm®)

% Velocity (m/s)

W  Wear Rate (mm%N-m)
AV Volume Loss (m°)

Aw  Change in Weight (g)
AV Volume Loss (m®)
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