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Immense study of environment friendly and renewable lubricant is now a day’s major field
of research for the overall sustainable development. Most of the challenges are taken towards
recyclable waste to product. The Present work investigates the characterization and friction-
wear behavior of Inconel 800 against 100Cr Steel applying Kitchen Chimney Dump Lard
(KCDL) as a bio-lubricant. The characterization study by FTIR (Fourier Transform Infrared
Spectroscopy) has shown the presence of fatty acid ester in KCDL. Tribological tests have

been performed on Inconel 800 at different load and speed in a lubricated condition. From the
experiment, it has been investigated that there is no such change in specific wear rate due to
better lubricity property and the presence of strong bonded beneficial tribofilm on KCDL.
The coefficient of friction (COF) increases with the increase in speed and load but it is less
compared to waste cooking oil, and Castrol GTX 20W-50.

1. INTRODUCTION

Tribology is a subject of science and engineering that deals
to interact between surfaces which have been showing great
challenges for the scientists and industrialists. The reduction
of wear and friction can help to reduce energy loss. To mitigate
the energy loss due to wear and friction, various studies have
been carried out by using different lubricant. Among all
lubricants used, vegetable based bio lubricants have shown
more advantage for their biodegradability, renewability and
excellent lubrication performance. Due to the better lubricity,
wear protection quality with excellent tribological behavior of
plant based biodegradable oil helps industrialist to choose it as
an environmental friendly lubricant. Better physico-chemical
properties, high viscosity index and high flash point offered
bio-lubricant a great alternative to reduce wear and heat from
matting surfaces [1-3]. Because of limitation to use edible
based bio-lubricant from vegetable oils (sunflower, coconut,
soybean etc.), waste cooking oil (WCO) collected from food
production industries, restaurants and Kitchen can be used as
an alternative [4]. It has been found that triglyceride structure
of vegetable oils provide quality which is desirable in a
lubricant. Experimentally it has been observed that long, polar
fatty acid chain provides high strength lubricant films that
interact strongly with metallic surfaces, which can helps to
reduce both friction and wear [5]. The triacylglycerol structure
with long fatty acid chain and presence of polar groups (like
carboxylic acids and esters) in palm oil and rocket seed oil
have shown almost similar spectra in Fourier transform infra-
red spectroscopy (FTIR) in the mid infrared region [6-7].
Different FTIR studies have been conducted by oils used in
fried foods, animal fat or several bio-oil which gave similar
types of absorbance at specific wavenumber/cm-1. Among
which most of the mono-alkyl ester based bio-oil has an
absorbance peak near 1700-1750 cm-1 that indicates the
presence of C=0 stretching vibration of the methy! ester [8-9].
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An experimental investigation of waste vegetable oil (WVO)
contaminated lubricants with amine phosphate as anti-wear
additive reduce more wear and friction compared to an
additive added normal lubricant. Contrary to that, waste palm
oil with amine phosphate could be an alternative resource as a
lubricant [10]. Using sesame and nigella sativa oils as
lubricant gives better COF compared to saline water while
studying tribological behavior of M30NW stainless steel
against UHMWPE. Compared to the dry test, nigella sativa oil
and sesame oil have shown reduced wear of 46% and 54%
respectively. Because of high carbon contents in these oils it is
advantageous for boundary lubrication which helps to form
multi-molecular layer to reduce friction and wear [11]. The
coefficient of friction and wear rate of Inconel 600 disk sliding
against AIS1 52100 pin lubricated with MO (mineral oil), AM-
101 (quaternary ammonium chloride), L-108 (1-methyl-3-
octylimidazolium tetrafluoroborate) and L-P106 (1-methyl-3-
hexylimidazolium hexafluorophosphate) at room temperature
have shown that the operation of quaternary ammonium
chloride is very similar to that of the mineral base oil. They are
higher in air as compared to water during sliding Inconel
690TT against AlISI 304. It has also been found that friction
and wear volume is minimal with room temperature water as
compared to water at 50 °C and 80 °C. As the temperature
increased, the wear amount increased because of the increase
of the micro-pitting wear [12]. The tribological behavior of
AISI 1045 steel on tri pin-on-disk reduced 91.5 %, 57 %, 53 %
and 23 % wear for rapeseed oil, diesel contaminated bio-
lubricant, biodiesel contaminated lube oil and used synthetic
oil respectively as compared to diesel contaminated
commercial synthetic lubricant (SAE 20W40). This clearly
indicates that bio-lubricant and biodiesel reduced friction more
effectively than diesel when contaminated with lube oil for
particular loading and temperature conditions [13].

Wear is the undesirable progressive loss of material from
the working surfaces as a result of their motion relative to one



another. A number of studies have been performed over the
last several decades to determine the wear loss in the parts
which are in contact with each other. Wear leads to failure
which may give rise to losses in terms of energy, material,
economy and many other factors. Tribology helps in this
matter by controlling energy losses due to friction, wear losses
and oil consumption. The use of proper lubricant can helps the
problem of wear failure in the machine parts. Waste cooking
oil, natural fats and plant oil-based lubricants and derivatives
have shown excellent lubricity and biodegradability, for which
they have been investigated as a base stock for lubricants and
functional fluids. All the problems related to wear and friction
can be overcome by the application of KCDL as a lubricant
base stock. In this paper, chemical characterizations of KCDL
and tribological experiments have performed for Inconel 800
(nickel-chromium alloys) to investigate wear and friction at
different load and speed applying Kitchen Chimney Dump
Lard (KCDL) as a lubricant.

2. EXPERIMENTAL METHODOLOGY
2.1 Materials

The study has been carried by sliding test sample Inconel
800 (20>20>6 cm?®) against 100Cr Steel (10 mm diameter).
100Cr Steel ball is used to investigate tribology test for Inconel
800 with the help of KCDL as a bio lubricant. The tensile
strength of 100Cr steel and Inconel 800 is 650-880 and 520-
670 MPa respectively.

2.2 Collection and purification of KCDL

The identification of suitable feedstock and subsequent
biomass conversion would contribute significantly towards
futuristic bio-energy utilities. The feedstock used for this study,
KCDL has been collected easily from the kitchen chimney of
restaurant. KCDL is primarily a kitchen waste (a bio-waste
which is renewable in nature, since the primary feedstock is a
vegetable oil) which can be collected during cleaning from the
horizontal collecting duct present in a kitchen chimney
without any expense. It is formed as a result of frying
processes where the vapor of the cooking oil after
condensation gets stored in liquid form in a chamber inside the
collecting duct of a kitchen chimney. This type of oil can easily
collect also from a household kitchen exhaust by the user at a
certain day’s interval. Before the characterization and
triobology test, purification has been performed for KCDL to
remove water vapor and dust particles. A 250 ml of KCDL is
mixed with 5 mg of magnesium sulfate (MgSO.) in a plastic
bottle for about 7-8 hours for complete purification. The
details about the property of KCDL are shown in Table 1.
Viscosity is a common and most important property of a
lubricant that directly influence equipment wear rate, energy
consumption etc. As temperature rises viscosity of oil falls and
vice versa. As a result to measure the quality of the oil it must
also to have viscosity index. A high value of viscosity index
has been observed for KCDL that exhibits less change in
viscosity with temperature.

Table 1. Property of KCDL

Density (g/cm?®) Dynamic viscosity (centipoise) Kinematic viscosity Pour point Viscosity index
p U (centistoke)
Test method
Pycnometer Rotational Rheometer _HK Pour point
(brookfield dv-1 prime) p apparatus 402
40 € 100 40 € 100 < 40 T 100 < 13T
0.982 0.946 180 65 183 68.75 '

2.3 Experimental setup

2.3.1 Fourier Transform Infrared (FT-IR) spectroscopy

Fourier Transform Infrared (FT-IR) spectroscopy is a
technique based on the vibrations of the atoms of a molecule.
An infrared spectrum is commonly obtained by passing
infrared radiation through a sample and determining what
fraction of the incident radiation is absorbed at a particular
energy. Infrared spectroscopy is a versatile experimental
technique and it is relatively easy to obtain spectra from
samples in solution or in the liquid, solid or gaseous states.
Fourier transform spectrometer works in between 4000-0 cm-
! of mid infrared region that uses not more than 0.5 ml of
sample to get the spectra. Sample crystal was cleaned with
acetone-toluene-methanol based tri solvent mixture before the
operation and the results were obtained on a computer system
connected with the machine.

2.3.2 Pin on disk tribotester

The pin on disk Tribotester (model: TR-20LE) covers a
laboratory procedure for determining the wear of material
during sliding. Cross-section of the machine setup is shown in
Figure 1. The range of friction force and normal force between
which the machine works is 0 to 200 and 5 to 200 N
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respectively. Materials are tested in pairs under nominally
non-abrasive conditions. In the pin-on-disk wear test, two
specimens are required. One, a pin or ball that is positioned
perpendicular to the other, usually a flat circular disk that
rotates in between the speed range of 200 to 2000 rpm. The
tester causes stationary pin/ball to press against the rotating
disk at a known force and speed. In this present experiment
instead of pin, a ball of 10 mm diameter has been fixed into
the tester for the friction and wear test. The whole experiment
is conducted at an average temperature of 25 <C and relative
humidity of 60 %. During the test COF and specific wear rate
are measured and reported.

2.4 Friction and wear test

Experiments are conducted on a disk of Inconel 800 with
the help of 100Cr steel ball of 10 mm diameter under Kitchen
chimney dump lard waste oil using a pin-on-disk Tribometer.
Friction and wear test has been conducted with different wear
track diameter like 10, 14, 18, 22 mm and sliding speed 250,
300 and 350 rpm and for the loads 10, 20 and 30 N. The
specific wear rate (mm3/N-m) and coefficient of friction for
the distance of 300 meters are determined.
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Figure 1. Cross section of a pin on disc tribometer [13]

3. RESULTS AND DISCUSSION
3.1 FT-IR characterization

Figure 2 shows oil characterization of KCDL and engine oil
Castrol GTX 20W50 at different wavenumbers (cmt) from 0
to 4000. In Table 2 spectral location (cm™) and absorbance
band has been listed at specific absorbance peak. The region
between 600-900 cm? indicate the presence of =C-H
functional groups that possess bending vibration at low energy
frequency of the spectrum. At spectral location 722.03 cm™?
KCDL shows C-H bending vibration on 0.646 absorbance
level. The rocking mode of vibration C-H bond at 722.03 cm*
1[14] also helps to know about the presence of long chain fatty
acid ester of KCDL. A strong absorbance peak at 1743.54 cm-
! shows the presence of C=0 carbonyl group of a fatty acid
ester. The absorbance band at 2853.00 and 2922.19 c¢m
indicate the presence of long chain hydrocarbons of alkane
group [15] with sp® hybrid. Symmetric and asymmetric
stretching vibration of C-H alkane group at 2853.00 and
2922.19 cm™ is required high energy to cause vibration than
that of C-H alkene groups of bending vibration. The sp®-
hybridized C-H bonds in saturated hydrocarbons like octane
absorb in the 2850-3000 cm* region. The bond strengths of
carbon-hydrogen bonds are in the order of sp3>sp?>sp
(hybridization). Because of the increased ‘s’ character of the
hybrid, it gives better overlap with the hydrogen s-orbital.
From FT-IR spectrum of KCDL and Castrol GTX 20W50, it
is cleared that spectrum formed in both oil have similar peaks
at different wavenumbers with little change of absorbance
limit except a peak at the range 1735-1750 cm™.
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Figure 2. FT-IR spectra of KCDL and Castrol GTX 20W50

Table 2. Absorbance, wavenumbers, name of component

for KCDL
Spectral Absorba Absorption
location P Range(cm™)
1 nce bands
(cm™)
722.03 0.646 C-H 600-900
1161.72 1.165 C-O bands 1050-1150
1464.45 0.399 C=0 deformation 1450-1600
1743.54 1.536 C=0 stretching 1735-1750
285300 0565  SymMmeicC-H o oenh 3000
vibration
202219 0627  AsymmetricC-H o oe0h 5000
vibration

3.2 Coefficient of Friction (COF)

Figure 3(a) shows coefficient of friction at different sliding
speed of 250, 300 and 350 rpm at 10 N load. It has been found
that COF increases as speed increases. The average COF
measured for Inconel 800 is 0.03089, 0.05266 and 0.10329 at
250, 300 and 350 rpm respectively. The reason behind the
increase in COF with increasing sliding speed is because of
abrasive particles which formed during sliding because of
breakdown of surface peaks. Coefficient of friction at different
normal load 10, 20 and 30 N at 300 rpm speed have been
shown in Figure 3(b). It has also been observed that coefficient
of friction increases as load increases. The average coefficient
of friction measured for Inconel 800 is 0.05266, 0.08072 and
0.10945 for the load 10, 20 and 30 N respectively. In Figure
3(c) it has been found that COF for dry condition at 300 rpm
speed and 10 N load is 0.6741. Higher value of COF indicates
that at dry environment Inconel 800 with 100Cr Steel is more
prone to wear.
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Figure 3. (a) COF at varying speed and constant load 10 N;
(b) COF at varying load and constant speed 300 rpm; (c)
COF at 10 N load and 300 rpm speed at dry condition

3.3 Specific wear rate

Figure 4(a, b) shows the specific wear rate at varying speed
(at 10 N load) and varying load (at 300rpm) respectively for
wet and dry condition. From the Figure 4 (a) it can be
concluded that as speed changes there is no such change in
specific wear with the application of KCDL. Whereas it is easy
to explain that because of plastic flow of metal along the
surface due to increase in load a little increase in specific wear
rate has been found (in Figure 4 (b)). Specific wear rate and
volume loss are calculated using following equations.

volume Ioss(mm3)
~ load (N)xsliding distan ce (m)

Specific wear rate mm’
Nm

Volume loss (mm?®) = zD x Cross section area of wear track

Sliding velocity (ﬂj _ N

sec) 60,000
DNT
Sliding distance (m) = T
60,000

where, 1=3.142, D is diameter of the wear track in mm, N
is disc speed in rpm, T is time duration in second.

It is also been cleared from Figure 4(a, b) that specific wear
rate at wet condition is much lower than that of dry condition.
It can be explained that at high load the real surface area of
contact increases, causing an increase in space connection due
to which friction force and coefficient of friction increased
[16]. Higher polarizability for the carbon atoms in the double
bonded organic compound has high localized electron and
charge density. The interaction between the metallic bodies
due to presence of high-density charges is helpful for the
formation of a strongly bonded beneficial tribo-film. In
boundary lubrication, fatty acid oil migrated to the substrate
where vacant sites are available. For the reason, high oxygen
content of KCDL leads to an additional improvement in
overall lubricity of the material [17]. Much faster wear
progression has been found at the starting of operation. During
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this period asperities on the sliding surface are cut off and the
contact area of sliding surface grows to an equilibrium size.
As a result, after a certain period of time because of
equilibrium condition of contact surface, wear becomes steady.
It has been observed that at higher loads, the lubricating film
thickness become thinner than some of the asperities present
in the boundary lubrication regime. But the progression of
wear has been controlled by long chain fatty acid and the esters
in KCDL which acts as a surfactant [18].
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Figure 4. (a) Specific wear rate at varying speed and constant
load (10 N); (b) Specific wear rate at varying load and
constant speed (300 rpm)

3.4 Comparison of KCDL with different engine oil

Figure 5 shows the coefficient of friction for KCDL, waste
cooking oil (WCO) and Castrol GTX 20W50. Coefficient of
friction found at an average of 0.085, 0.0610 and 0.05266 for
Castrol GTX 20W50, WCO and KCDL respectively. From the
Figure 5 it is cleared that KCDL oil gives minimum values of
coefficient of friction 0.05266 at 10 N load and 300rpm speed
as compared to WCO and Castrol GTX 20W50. Based on the
result obtained it is cleared from the Figure 5 that as compared
to synthetic lubricant bio-degradable waste cooking and
KCDL oil show minimum coefficient of friction. Low
coefficient of friction of KCDL compared to Castrol GTX
20W50 and WCO is because of the presence of fatty acid
compound and long hydrocarbon chain that gives better
performance compared to other base lubricating oil.
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Figure 5. COF of different engine oil
3.5 Surface image analysis

Figures 6-8 show 3D profile images of Inconel 800 disk at
different operating condition. From the close inspection from
Figure 6(a), 6(b), 7(a), 7(b), 8(a) as load increases the worn
surface shows the presence of deep longitudinal grooves that
are parallel to wear direction. More metal transfer and pits
which are an indication of little abrasive wear mainly
attributed due to the absence of anti-wear additives in KCDL
lubricant. Whereas there is no such change in surface
morphology due to increasing speed. The maximum depth of
penetration on changing speed is found very less as compared
to changing load. Maximum depth of penetration at 250, 300
and 350 rpm (at 10 N load) is found 0.344 pm, 0.424 pm and
0.428 pm respectively. Whereas depth of penetration of 14.5,
14.3 and 16.2 pm is found for 20 N, 30 N and dry condition
(at 300 rpm) respectively. From the Figure 8 (b), it is observed
that more pits are formed due to pull out of material from
surface at dry condition.

Figure 6. 3D profile image of Inconel 800 at (a) 250rpm and
10 N, (b) 300rpm and 10 N using KCDL

Figure 7. 3D profile image of Inconel 800 at (a) 350rpm and
10 N, (b) 20 N and 300 rpm using KCDL

(a) 50’“
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2125
10
75
5
25
:;; 0

Figure 8. 3D profile image of Inconel 800 at (a) 30 N and
300 rpm using KCDL, (b) 10 N and 300rpm without using
KCDL (dry test)

4. CONCLUSIONS
In this study chemical characterization and tribology study

has been performed for KCDL. Following are the important
points have taken as conclusion from this work is as,



Experimental study on FT-IR shows KCDL as a high
free fatty acid ester of long carbon chain (C18:2) with
two strong carbon-carbon double bonds.

FT-IR spectra of KCDL shows almost 80% similar
trends of Linoleic acid methyl ester (unsaturated fatty
acid).

At constant load and increasing sliding speed,
coefficient of friction increases and specific wear rate
decreases 8.16 % and 2.23 % respectively for every
50rpm increase in speed under lubricated condition.
At constant speed and increasing load both

coefficient of friction and specific wear rate increases.

As load increases from 20 N to 30 N specific wear
rate increases 10.88 %.

The low values of specific wear rate are only because
of the presence of triglyceride in KCDL which helps
to form a thin tribo-layer in contact region.

There is no such change in specific wear rate with
varying load and varying speed due to the tribo-film
formation during the moving of contact surface with
the help of KCDL.
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FTIR Fourier transform infra-red
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