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ABSTRACT

In this study, two stock engine oils were developed using different blends
of a vegetable oil (canola oil), mixed with fully synthetic oil (0 %, 20 %, 40
%, 60 %, and 80 % of synthetic oil). The viscosity of the prepared blends
was determined at different temperatures (20 °C - 80 °C). Tribological
experiments were conducted, according to the conditions of the prepared
lubricants, to investigate the influence of the newly developed oil on the
frictional characteristics of mild steel material against stainless steel
subjected to adhesive wear loading. Scanning electron microscopy was
used to examine the worn surface of the mild steel. The results revealed
that blending the canola oil with synthetic oil increases the viscosity of the
lubricants. Moreover, the viscosity of the canola oil and its blends with
synthetic oil is controlled by the environmental temperature since
increasing the temperature reduces viscosity. The experimental results
revealed that the frictional coefficient of the mild steel was dependent on
the applied load and velocity rather than the sliding distance. In addition,
pure canola oil as a lubricant was able to compete in performance with a
blend of 80 % synthetic and 20 % canola oils.

© 2020 Published by Faculty of Engineering

1. INTRODUCTION

and this creates interfacial adhesion [5,6]. Then
friction occurs when the two surfaces move in

Tribology contains the concepts of friction,
lubrication and wear. This field of technology is
closely associated with mechanical engineering
and materials science, as stated by many
researchers [1-4]. Two physical phenomena are
set up when two surfaces with relative motion
between them are in direct contact. However,
surface roughness causes the points on the
surfaces to make contact in discrete positions

relation to one another. Within this development
of force, mechanical energy is transformed into
other forms such as heat. Due to the friction
forces and associated heat generation, the
topography of the surfaces may also get changed
[7,8]. Haessig and Friedland [9] stated that the
appropriate analysis and understanding of these
interactions and solving the technological
problems inherent in these situations comprise
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the greater part of tribology. Together with the
unstoppable advances in manufacturing, more
attention is concentrated on preserving the
environment, energy loss and damage from the
frictional elements of machines [10,11].
Therefore, conquering friction has been an
overall goal from ancient times to the present
[12]. Improving machine efficiency is impossible
unless without tackling friction. Thus, friction not
only consumes energy intended for production,
but also leads to great wear and tear of machine
parts, resulting in considerable losses [13-15].

Employing lubricants is an effective way of
reducing friction between contacting surfaces. The
functions of lubricants are to reduce friction,
prevent minimize wear, moving debris from
interfaces and provide cooling. The critical factors
of lubricant effectiveness are fluid shear
properties (viscosity, viscosity index), reactivity of
the surface, extreme pressure constituents, shear
strength of solid lubricant or coating, and heat
capacity [16,17]. Different types of lubricant have
different attributes. Bio-based lubricants, for
instance, have good physical properties: they are
environmentally clean, safe, and renewable
[18,19]. Several researchers have looked at
enhancing the physical properties and minimizing
the cost of using bio-based lubricants to compete
with today’s Petro-based lubricants [20-22].

There are numerous vegetable oils available,
Canola oil is among the most important types of
vegetable oil because of its worldwide availability,
affordability and non-toxicity, leading to its
frequent use in many applications as a lubricant
[23,24]. Several researchers have looked at
enhancing the physical properties and minimizing
the cost of using bio-based lubricants to compete
with ptero-based equivalents [20-22]. Some
writers have also studied the frictional influences
of vegetable oils on metal-metal contact. Martin-
Alfonso and Valencia [25] studied the frictional
performance of metals under the lubricant
conditions of leogels, based on conventional (SO)
and high-oleic sunflower (HOSO) vegetable oils
and the ethylene-vinyl acetate copolymer (EVA)
for lubricant applications. In their work, the
results showed that the evolution of linear
viscoelasticity functions was much the same as
that found for lithium greases. They also revealed
that EVA-HOSO oleogels produce wear scars that
are significantly reduced with vegetable oils and it
was similar to commercial grease. A study by
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Jeevan and Jayaram [26] on the tribological
performance of palm and Soybean oils and their
blends with mineral oil, in a high temperature and
contact pressure reciprocating contact, have
found that vegetable oils offer high opportunity
for cleaner manufacturing processes. This study
maintained that the competitive performance of
vegetable based cutting fluids improved product
quality by reducing cutting force/thrust force,
increasing surface quality, reduced tool wear and
good heat dissipating ability. Xiong, He [27]
studied the Tribological Synergistic Effect of N-
Containing Heterocyclic Borate Ester with
Tricresyl Phosphate as a rapeseed oil additive. The
results show that the strong synergistic effects on
load carrying and anti-wear properties were due
to these complex additives. A Scanning Electron
Microscopy examination of the worn steel ball
surfaces also revealed the formation of a stable
protective film due to the absorption and
tribochemical reactions between the borate ester,
TCP and the metal surface.

2. MATERIALS SELECTION AND COMPOSITE
PREPARATION

Different blends of vegetable oil combined with
fully synthetic oil were prepared. The vegetable oil
(Canola oil) used in this work is obtainable from
grocery shops as vegetable oil. Fully synthetic
catrol oil for two-stroke engines was also used as
synthetic oil, as many researchers suggested
[28,29]. The specifications of the vegetable and
synthetic oil are presented in Table 1.

Table 1. Canola oil and catrol oil for two-stroke engine
specifications.

Canola 0Oil Specifications Catrol Oil for Two-
[30] Stroke Engines [31]
Refractive Index
(nD 40 °C) 1.465-1.467 Colour Deep Red
. Density at 15
Crismer Value 67-70 °C, kg/L 0.89
Viscosity Viscosity,
(Kinematic at 78.2 Kinematic, 39
20 °C, mm?2/sec) cSt, at 40 °C
Viscosity,
CI(-)Ilrds ziit"(cl)s Passed Kinematic, 7.8
cSt, at 100 °C
Smoke Point Viscosity
°C) 220-230 Index 175
Flash Point, 14 95 191 | Flash Point 94
Open cup (°C)
Refractive Index Sulphated
(nD 40 °C) 1.465-1.467 Ash, Mass % 2.5
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Fig. 1. Prepared blends of lubricants.

To prepare the blends of the lubricants, the
vegetable oil should be heated up to 50 °C. At this
temperature, the synthetic oil can be poured
carefully on to the vegetable oil. An electric mixer
at very low speed was used to get a uniform
mixture. The blends were kept for a week to
ensure the homogeneity of the mixture. If the oils
separate, they should be discarded. The blends
were prepared with different synthetic oil
concentrations: 20 %, 40 %, 60 % and 80 %
mixed with the remaining percentage of
vegetable oil (Fig. 1).

3. EXPERIMENTAL DETAILS

3.1 Tribology Machine and Experimental
Procedure

The experiments were conducted using tribology
machine provided by the University of Southern
Queensland. The main tribology machine
components are shown in Fig. 2. The most
important parts of the tribology machine were
that the rotational counterface was made of
stainless steel, and that it had a container to be
filled with the different blends, and an arm
connected to the container which supplied the
load to the samples. The sample that the test
would be applied to was made of mild steel. A
sliding speed of 0-2 m/s, an applied load of (10 N-
20 N) and a sliding distance (0-10 km) were used
in the experiments. The samples had to be
prepared so that intimate contact between the
samples of the counterface ensued. The samples
were sanded with 1500 grit sandpaper This was
then repeated with regard to the counterface
before each test to ensure exactly similar
conditions. Before operating the machine, the

samples were cleaned, dried, and then weighed.
Each sample was then fixed on the holder of the
machine, and the timer and load cell reader were
reset. The machine was then operated to the
required distance at the required load. The
frictional forces were captured during the
experiments and plotted against the sliding
distance. The friction coefficient u can be found
by using Equation (1) where L is the applied load
and Fr is the frictional force that is captured via
the load cell.

p="L (1)

Fig. 2. Tribology machine and its components:
1. counterface, 2. sample, 3. sample holder, 4. lever, 5.
load cell, 6. power supply unit, 7. ball bearing.

3.2 Viscosity Measurement and Scanning
Electron Microscopy

The viscosity of the prepared blends was measured
using a Viscometer at the University of Southern
Queensland (Fig. 3).

Fig. 3. Visco-Meter at University of Southern Queensland.

Different oil temperatures were considered (10 - 80
°C). The oil was first poured into a small container
and then into the machine. The temperature was set
to the maximum and then the viscosity vs. the
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temperature was recorded. Scanning Electron
Microscopy was used to examine the worn surfaces
of the mild steel samples. The Scanning electron
microscope, a desktop machine at the University of
Southern Queensland, is branded as Joel.

4, RESULTS AND DISCUSSION
4.1 Viscosities of the Blends

Figure 4 charts the viscosity results of the prepared
blinds at different temperatures as measured with
a Viscometer. This figure clearly shows that the
increase in the temperature reduces the viscosity of
all the blinds. This is a typical feature of lubricant
behaviour since the shear forces reduce with every
increase in the temperature, leading to low
viscosity. It also shows that as the concentration of
the synthetic oil increases, the blend viscosity also
increases. The increase in the viscosity may be due
to the presence of synthetic additives such as EVA
into the vegetable oil which plays the main role in
controlling the viscosity and stabilises the prepared
blend [29,32,33].

Blends viscosity Vs Temperature
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%\ —i— Pure
160 !
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ngO 1 ——40% |
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> X
2100
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0 20 60 80
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Fig. 4. Viscosity Vs Temperature for Different Blends.
In arecent study by Rafiq, Lv [34], it was reported

that vegetable oil had less viscosity values at all
temperatures than the synthetic oil. In addition,
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the value of the viscosity of the vegetable oil was
found to be about 10 (cSt). The current results are
comparable with the published ones and
validated the experiments. Canola oil exhibits
higher viscosity than soybean oil, in the study
published by [33]. Furthermore, the current
results show that the addition of synthetic oil can
improve the viscosity by about 76 %.
Accordingly, the viscosity values in the results
support the potential of using canola oil as a
lubricant given that the viscosity required should
be in around 60 (cSt) at a temperature of 40 2C.

4.2 Friction Behaviour of Mild Steel in Term
of Friction Coefficient

In this section, the friction coefficients of the mild
steel are given under different blends, and a
different operating parameter.

4.2.1 Frictional Behaviour of Mild Steel under
Pure Canola Lubricant

Figure 5 shows the friction coefficient against the
sliding distance of the mild steel under different
applied loads and when canola oil is the lubricant.

Applied load, N
10N eeeeeenns 14N
0,14
0,12 V< — -
N o N - T -, - -
0,1

Friction Coefficient

2 4 6
Sliding Distance, km

Fig. 5. Friction coefficients against the sliding distance
at different applied loads under pure canola oil
lubricant conditions.

From this figure, the steady state values of the
friction coefficient are recognised after about 4
km. At the initial stage, the surfaces adapt, which
causes the level of friction to fluctuate. With regard
to the impact of the applied load, the high applied
load shows a lower friction coefficient. However,
the reduction in the friction is not very
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pronounced. Still, other researchers have
mentioned that the applied normal load and the
measured friction coefficient are inversely
proportional because the applied load leads to the
increased oxidation of the metal surfaces [35-37].

Speed m/s
1m/s ceeeeeees 1.5m/s = -+ 2m/s
0,12
r.
° N\~ S — ——
0,1 —— -
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[=
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0 T T T T
2 4 6 8
Sliding Distance Km

Fig. 6. Friction Coefficient against Sliding Distance at
Different Velocities under Pure Canola Oil Lubricant
Conditions.

The influence of the sliding velocity on the
friction coefficient of the mild steel under the
lubricant condition of the pure canola oil is
presented in Fig. 6 to show the different sliding
velocities against sliding distance. The figure
shows that the increase in the sliding velocity
increases the friction coefficient. At greater
velocity, larger amounts of lubricant can go on to
the interface which causes high shear on the
surface of the mild steel, resulting in a high
friction coefficient.

4.2.2 Frictional Behaviour of Mild Steel under
Lubricant Condition of 20 % Synthetic
& 80 % Canola

The friction coefficient of the mild steel under the
20 % synthetic oil blended with 80 % canola is
presented in Fig. 7 at different applied loads. The
friction coefficient seems to be relatively high in
value at the first stage of sliding (running-in), and
then to reach steady state. This is the nature of
metal behaviour under a sliding process, since
there are some obstacles (asperities in contact) to

the movement of the bodies at first (Static-
Friction) and once the asperities adhere and
plastically disappear, pure adhesive wear follows
[38,39]. Furthermore, the figure shows that the
low applied load introduces a high friction
coefficient compared with the high applied load.
However, there are some scattered points which
are also considered normal, since the tribological
behaviour of materials depends on various
parameters at the interface which cannot be
predicted [40,41].

Applied load, N
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Fig. 7. Friction Coefficient against sliding distance at
different applied loads under the condition of 20 %
synthetic oil blended with canola oil as a lubricant.
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Fig. 8. Friction coefficient against sliding distance at
different velocities under 20 % synthetic oil blended
with canola oil lubricant conditions.

Figure 8 displays the relation between the

friction coefficients with the sliding distance at
different sliding velocities for mild steel under
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the condition of 20 % synthetic oil blended with
80 % canola oil. The figure shows that the low
friction coefficient can be achieved at the low
sliding velocity of 1 m/sec. It is also clear from
the figure that the increase in the sliding velocity
increases the friction coefficient. This is similar to
the trend noted in the previous section, when
pure canola oil was being used as the lubricant
(Fig. 6). It should be mentioned that the increase
in the velocity can increase the shear at the
interface, which leads to high frictional force.

4.2.3 Frictional Behaviour of Mild Steel under
Lubricant Condition of 40 % Synthetic
& 60 % Canola

The friction coefficient of the mild steel against
the stainless steel counterface under the
lubricant condition of 40 % synthetic oil blended
with 60 % canola is presented in Fig. 9 at a
different applied load with respect to the sliding
distance. It is found that at lower applied load
values, the friction coefficient values are higher.

Applied load, N
1ON  eeeenenes 14N
0,5
N —
0,4
=
@
‘S
0.3
o
o
c
°
20,2
[N
0,1
?._'._:.'.::"'“'“ﬁ..’.:.H""w"":':':': ........ -.;
0 LY S S e, e e, ——-o
0 2 Sliding dié‘tance, Km © 8

Fig. 9. Friction Coefficient against Sliding Distance at
Different Applied Loads Under 40 % Synthetic Oil
Blended with Canola Oil Lubricant Conditions.

It is also apparent that the increase in the
concentration of synthetic oil could be the reason
for this conflict in which the synthetic oil coated
the surface of the mild steel and prevented it from
removing much material at the high applied load.
However, this should reduce the friction as well],
especially at a low applied load. However,
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Gultekin, Uysal [35] and Uyyuru, Surappa [36]
have reported that increasing the applied loads

reduces the friction coefficient, which in
agreement with the current results.
Speed,m/s
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Fig. 10. Friction Coefficient against Sliding Distance at
Different Velocities Under 40 % Synthetic Oil Blended
with Canola Oil Lubricant Conditions.

The effect of the sliding velocity on the frictional
behaviour of the mild steel under the 40 %
synthetic oil blend is presented in Fig. 10. The
figure clearly shows that the increase in the
velocity reduced the friction coefficient. It
appears that the 40 % synthetic blended
lubricant significantly changed the trends of the
friction, notwithstanding the debate in the
literature on the way in which the applied load
and the velocity control the frictional behaviour
of metals. Moreover, many studies have reported
that an increase in the velocity reduces the
friction coefficient, which agrees with the current
results [35,36,42].

4.2.4 Frictional Behaviour of Mild Steel under
Lubricant Condition of 60 % Synthetic
& 40 % Canola

The friction coefficient of the mild steel with a
concentration of 60 % synthetic oil and 40 %
canola oil is presented in Figs. 11 and 12 under
different applied loads and sliding velocities.
From both figures, it appears that the increase in
the applied load reduces the friction coefficient, a
verdict which is supported by the fundamental
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law of friction given by Archard and Allibone [43]
and later confirmed and supported by many
researchers [44-46]. The increase in the sliding
velocity exhibits an increase in the friction
coefficient, which is in agreement with previous
sections, since the increase in the velocity
increases the shear in the interface at the same
applied load.
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Fig. 11. Friction Coefficient against Sliding Distance at
Different Velocities Under 60 % Synthetic Oil Blended
with Canola Oil Lubricant Conditions.
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4.2.5 Frictional Behaviour of Mild Steel under
Lubricant Condition of 80 % Synthetic
& 20 % Canola

The friction coefficient of the mild steel with
lubricant concentration of 80 % synthetic oil
blend is presented in Figs. 13 and 14 under
different applied loads and sliding velocities,
respectively.
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Fig. 13. Friction Coefficient against Sliding Distance at
Different Velocities Under 80 % Synthetic Oil Blended
with Canola Oil Lubricant Conditions.
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Fig. 12. Friction Coefficient against Sliding Distance at
Different Velocities Under 60 % Synthetic Oil Blended
with Canola Oil Lubricant Conditions.

Fig. 14. Friction Coefficient against Sliding Distance at
Different Velocities Under 80 % Synthetic Oil Blended
with Canola Oil Lubricant Conditions.
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Based on the trends in Fig. 13, the increase in
the applied load reduces the friction coefficient
and a steady state for all the trends can be seen
under different applied loads. This is in
agreement with the previous sections under
different blends of lubricant and, as mentioned
previously, the results are in agreement with
several published works [44-46]. For the
influence of the sliding velocity on the friction
coefficient of the mild steel in the 80 %
synthetic concentration, there is no remarkable
effect of the sliding velocity on the friction
coefficient. This is mainly due to the high
content of synthetic oil in the blend.

From the viscosity data presented in Fig. 4, this
blend which contains 80 % synthetic oil has the
highest viscosity of all the blends. The high
viscosity protects the surface of the mild steel
which results in a lower friction coefficient and
the sliding velocity has no effect on the friction
coefficient. This has been explained in terms of
the roles of the lubricant and additives [47]. As
stated by McKeen [48], the additives in the
synthetic lubricant play the main role in
controlling the wear and the frictional
behaviour of metals. In this, the additives
control “abrasion resistance improvers, rust
inhibitor, corrosion inhibitor, thickeners, film-
forming agent, deaerators, degassing agent,
dispersant”.

4.2.6 Effect of Synthetic Oil on Frictional
Behaviour of Mild Steel under Different
Blends Lubricant Conditions

To identify the optimum blend for frictional
performance, the friction coefficient against
sliding distance is presented in Fig. 15 for all
the different blends at the sliding velocity of 2
m/s and applied load of 10 N. The difference in
the friction coefficient is obvious. Pure
vegetable oils show a high friction coefficient
compared to the blends especially when the
percentage of synthetic oil is high, mainly
because, as se4en in the viscosity results, since
the synthetic oil is given high viscosity
compared with the vegetable oil. The high
viscosity ensures the separation of the rubbed
surfaces which results in a low friction
coefficient. But mixing the syntactic oil with the
intermediate ratio of about 20 % to 40 %
synthetic oil mixed with canola introduces the
lowest friction coefficient.
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Fig. 15. Friction Coefficient Against Sliding Distance at
Different Blends Lubricant Conditions At 10 N Applied
Load With 2 m/s Sliding Velocity.

4.3 SCANNING ELECTRON MICROSCOPY
OBSERVATIONS

The surface morphology of the mild steel worn
surfaces are displayed in Fig. 16, which shows
the results of testing under different lubricants
at 20 N applied load, 10 km sliding distance, and
2 m/s sliding velocity. The figure shows
different features of damage and frictional
behaviour, namely:

Under the pure canola oil lubricant condition,
(Fig. 16), a smooth surface appears which
represents pure adhesive wear.

High-vac. SEll  PC-std.

Fig. 16. Micrographs of the mild steel worn surface.

At the same time, the presence of micro-wear
debris and micro-grooves on the surface of mild
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steel indicates the weakness in removing
materials from the mild steel surface. However, in
terms of frictional performance, the low viscosity
oil (pure canola) seems to provoke continued
rubbing against the stainless steel. The low
viscosity oil can help to reduce the heat on the
interface and wash out the debris [49,50].

After testing the pure canola oil lubricant condition.
Figure 17 shows the abrasive nature of the surface
of the mild steel when 20 % synthetic oil blended
with 80 % canola is used as a lubricant. This may
support the idea that the increase in the viscosity
which resulted from the addition of the syntactic oil,
allows the lubricant to carry away the debris and
then enter the interface. This led larger grooves
being formed than that shown in Fig. 16, under the
pure canola oil lubricant condition. In other words,
there is ample opportunity for the adhesive wear to
transfer abrasive characteristics to the adhesive.

High-vac SEI PCstd 15 kv

Fig. 17. Micrographs of the mild steel worn surface
after testing 80 % canola oil lubricant condition.

High-vac. SElI PC-std.

Fig. 18. Micrographs of the mild steel worn surface
after testing 60 % canola oil lubricant condition.

Figure 18 shows a more abrasive character than
to the one shown in Fig. 17. Since the worn

surface at this figure was generated when a more
viscose lubricant was used, it confirms the view
that high viscosity carries away the debris and
then converts the adhesive wear into something
abrasive, resulting in the removal of much
material.

Figure 19 a and b show abrasive nature of the
server and the deterioration on the surface of the
mild steel, believed to be due to the three-
abrasive nature of the surface. It resulted mainly
from the increase in the viscosity of the blend
from increasing the percentage of synthetic oil,
also supported by the results of Figure 4. As the
viscosity progressed, the amounts of transported
debris to the interface zone increased, which
increase the chances of cracks resulting, as well
as other defects on the friction surface.

: g h-vae.

SEI  PC-std.

Highrvac.

(b)
Fig. 19. Micrographs of the mild steel worn surface
after testing: (a) 40 %, and (b) 20 % canola oil
lubricant condition.

Given the above inferences and concepts, it is

necessary to conduct further surface analysis in
terms of the lubricant coating, roughness profile,
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and modifications on the counterface during
testing; the debris generated from the interface
should be analysed and so should the impact of
the interface temperature

With regard to the wear and frictional influences
of the vegetable oil on metal-metal contact, few
works have sought to study the frictional
behaviour of metals under vegetable lubricant
conditions [51,52]. Martin-Alfonso and Valencia
[53] studied the frictional performance of metals
under the lubricant conditions of leogels, based
on conventional (SO) and high-oleic sunflower
(HOSO) vegetable oils and ethylene-vinyl acetate
copolymer (EVA) for lubricant applications. In
their work, the friction coefficient range was
about 0.12 +0.4. In the present results the friction
coefficient was in the range of 0.03- 0.12. The
main reason for the low friction coefficient found
in the present study is the low viscosity of canola
oil compared to those of modified SO and HOSO
oils. The use of canola oil as a lubricant may be
more beneficial than SO and HOSO are for
application when a low frication coefficient is
required especially in machining, bearing and
slides. Epoxidase soybean oil (ESSO) introduced
similar values of friction coefficient, according to
Sharma, Adhvaryu [54]. Zulkifli Azman [55]
generated a new vegetable oil as lubricant
extracted from palm oil. Their oils were
trimethylolpropane (TMP) and pentaerythritol
ester (PE). When not mixed, these oils exhibited a
very high friction coefficient which reached about
0.4 in certain conditions. However, the authors
modified the oils with the addition of synthetic
additives such as EVA, producing a low friction
coefficient. The current results of friction are
highly comparable and competitive with those
reported from modified trimethylolpropane
(TMP) and pentaerythritol (TMP).

5. CONCLUSIONS

The main goal of this project was to study the
viscosity of canola oil and its blends with
different concentrations of fully synthetic oil and
investigate the influence of the developed blends
on the frictional performance of mild steel
rubbed against a stainless steel counterface. The
results revealed that the canola oil has very low
viscosity compared with oils already investigated
in the literature, such as soy, palm, and cotton.
However, this can be beneficial for the canola oil
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in certain applications where low viscosity is
required such as bearings, bushes and slides.
Some specific findings of this work can be found
in the following points:

1. The viscosity of the canola oil and its blends
with synthetic oil depend significantly on
the environmental temperature. The
increase in the temperature reduces the
viscosity of the lubricant and this applies to
the prepared blends.

2. For the tribological results, the operating
parameters played the main role in controlling
the frictional behaviour of the mild steel under
all the different blends. The frictional
behaviour of the mild steel was dependent on
the applied load and velocity rather than the
sliding distance since it reached the steady
state after about 0.25 km for all conditions.

3. Canola oil generates the highest friction for
mild steel of all the blends, due to the low
viscosity of the canola. Even so, the
difference in the friction coefficient value
was not high compared with those reported
in the literature for soya, palm and cotton
seed oils. In other words, the canola oil can
be a good alternative candidate to soya, palm
and cotton seed oils.

4. Vegetable oil continues to show great
promise in its use as a tribological
compound. The use of this alternative
exploits the structures of biofuels and shows
how their closely knit structure can be just as
good as fossil fuels in use. The use of
biodiesel in the field of tribology is very
promising since these fuels are renewable
sources which can be exploited without
worries over depletion.
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