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ABSTRACT

The demand of environmentally friendly lubricating oils is growing rapidly due to the predicted depletion in
petroleum suppliers in the near future. Non-edible vegetable oils; jojoba, jatropha and castor oils were examined
to be used as lubricants. Two references of mineral lubricating oils; Automatic transmission (from the category
of low-viscous grade) and Gear oils (from the category of high- viscous grade) were used in the comparison of
their lubricating parameters to that of vegetable oils. The effect of temperature on the oil viscosity, the viscosity-
temperature gradient (Ap/AT) in the range of 25-60 °C and the viscosity index (VI) were investigated. The
relationships between shear rates - shear stress relation were graphically represented. The oil stability against
deterioration was also studied by exposuring it to excessive heating and the percentage increase in viscosity-
temperature gradient was calculated. The obtained relations between shear rate and shear stress before and after
heat deterioration were linear, so these oils were considered to be Newtonian liquids. The variation of viscosity
with temperature (Au/AT) was affected during heat deterioration and the recorded values were 0.707, 1.06 and
8.84 for jojoba oil, jatropha oil and castor oil, respectively. Also Jojoba oil gives the highest value of viscosity
index (VI) than other vegetable and mineral oils. It means that jojoba oil is more stable and has no degradation
or structural changes upon excessive heating whereas it gave the minimum change in viscosity gradient and
hence the highest viscosity index (VI).
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Introduction

Lubricating oils based on renewable sources, have a great importance among all of the based petroleum
lubricating oils. Vegetable oil based products are non toxic and biodegradable and have good natural properties
including good lubricity, good resistance to shear, high flash point, and high viscosity index (VI) (Ozgiilsiin and
Karaosmanoglu, 1999; Yusuf and Hanna, 1994; Lubis et al., 2011; Bhatia et al., 1990; Fox and Stachowiak,
2007). The main certain advantage of vegetable oil is their ability to cling to metal surfaces in the form of very
thin film. The inter position of such films is effective in preventing metal seizure under conditions of extreme
pressure or under other conditions tending to displace gross films of lubricant between the bearing surfaces.
Also they are less easily displaced from metal services by water than mineral oils (Musa, 2010; Gupta et al.,
2008; El Kinawy, 2004; Allawzi, et al., 1998; Hisa and Monteiro, 1988). Lubricating greases for automobile
could be prepared from vegetable oils such as cottonseed, soybean, castor and palm oils. Temperature stability is
an important property to evaluate vegetable oil as lubricating oil.

Petroleum-based oils are known as carcinogens and medical records show that they cause discomforting
eczema and oil acne. In addition, prolonged exposure to petroleum based-oil mist can cause irritation of the
respiratory tract. Environmental damage caused by petroleum-based oil spills has had extensive attention from
the media (Whittaker, 1996; Singh, 2011).

This work aims to assess the feasibility of utilization of renewable resources - non edible vegetable oils
(jatropha, Jojoba and castor oil) to be used as lubricating oils. The viscosities were measured in range of 25 — 60
°C before and after heat deterioration to study the oil stability against excessive heating. Also the relations
between viscosity — temperature and shear rate — shear stress were investigated and compared to mineral oils;
automatic transmission oil and Gear oil.

Materials and Methods
Jatropha seed was obtained from “The Ministry of Agriculture”, Cairo, Egypt. Jojoba seed used in this

study was obtained from the "Egyptian Company for Natural Oils", Cairo, Egypt. Oils were obtained by solvent
extraction (leaching) process from their seeds. Commercial hexane was used as a solvent in the extraction
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process. A refined and bleached sample of castor oil from local oil factories in Egypt was used also in this study.
Two mineral oils of low and high viscosity were used as reference oils for comparison. These include Shell
automatic transmission oil (Dexron, oil I) and Gear oil GX85W-90 (oil III).

The viscosity of vegetable oils (jojoba, jatropha and castor) as well as the mineral oils was measured at
different temperature ranging between 25 and 60 °C using Brookfield Viscometer. The shear rate — shear stress
relationship was obtained at 40 °C. Vegetable oils were deteriorated by heating for fifteen days at 110 °C to
study the heat effects due to friction during engine operation (El Kinawy, 2004). The change of viscosity with
temperature (Ap/AT) was measured and then compared the different tested parameters to those before this
treatment. Viscosity index (VI) of these oils was obtained using ASTM D 2270-93 by measuring kinematic
viscosity at 40 °C and 100 °C.

Results and Discussion

The effect of operating temperature ranging from 25-60 °C on the viscosity of vegetable oils (jojoba,
jatropha and castor) and mineral oils (automatic transmission and gear oils) and their corresponding viscosity -
temperature gradient (Apu/AT) are listed in Table 1. It is clear that viscosity is the most important parameter in
terms of lubricating oil whereas increasing in temperature causes the decrease in viscosity depending on the
nature of the oil and its stability. The rate of change viscosity with temperature (Apn/AT) of jojoba and jatropha
are 0.664, 0.803compared to 0.84 for automatic transmission. It means that jojoba and jatropha oils have the
closest viscosity characteristics to automatic transmission oil and they are classified in the category of low —
viscous grade lubricating oils which are good in cold starting ability due to the effect on cranking speed and
lubrication throughout engine after cold starting. Also these oils can give the better performance over a range
of temperature (25 - 60 °C) (Zaher and Noamany, 1988; Garrett, 1998; Hassan et al., 2006) due to their
minimum change in viscosity gradient compared to soybean and sunflower oils in the previous wok which
remark 1.086 and 1.229, respectively. On the other hand, castor oil has the highest viscosity as well as the
greatest viscosity variation with temperature (Ap/AT) and has the closest viscosity gradient characteristics to
gear oil. It can be selected for the high temperature operation associated with continuous running of an engine
and classified as high — viscous grade lubricating oil.

Table 1: Oil Viscosity, c.p at different temperature and viscosity gradient (Ap/AT), c.p k ' relationships.

Temp.,°C 25 40 50 60 viscosity gradient Ap/AT,

cpk!
Oil Type

Jojoba Oil 35 22 19 17 0.664
Jatropha Qil 37 324 25 18 0.803
Aut. Trans. 52.8 273 22.6 16 0.84
Castor Oil 380 199.4 128 85 5.16
Gear Oil 415 167 110 90 5.42

The type of oil is known from the relation between shear rate and shear stress if it is Newtonian or Non-
Newtonian fluid. The linear relation between shear rates — shear stress represented in Fig. 1 indicates these oils
have Newtonian behavior. There is no experience change in viscosity for all oils tested at different shear rate
during engine operation and also the relation between viscosity and temperature doesn’t affect by increasing the
shear rate gradient.

The effect of heat generation due to friction during engine operation on the oil's viscosity after exposure to
excessive heating at 110 °C during 15 days are investigated by measuring the viscosities and the corresponding
viscosity gradient (AW/AT) over temperature range 25 — 60 C after this treatment as shown in Table 2. It can
be observed that both viscosity and viscosity gradient of all tested oils recorded an increase in their values.
Jojoba oil has the lowest increase in viscosity gradient compared to other oils which their values are highly
increased after this treatment. The percentage increase in viscosity gradient before and after deterioration is
listed in Table 3. It is clear that the percentage increase in viscosity gradient of Jojoba oil is about 6.5 %
compared to 31.87% and 56% for jatropha and castor oils, respectively. This indicates that jojoba oil is more
stable and has no degradation or structural changes upon excessive heating and hence the improvement of the oil
performance over range of temperature.

The shear rate — shear stress diagram for the vegetable oils after deterioration is represented in Fig. 2. It is
obvious that the linear relation that doesn’t affect by excessive heating and hence these oils classified as
Newtonian fluids before and after deterioration.
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Fig. 1: Shear Rate - Shear Stress Diagram at 40 °C - before Deterioration.

Table 2: Qil Viscosity, c.p at different temperature and viscosity gradient (Au/AT), c.p k ' relationships after deterioration.

Temp., °C 25 40 50 60 viscosity gradient Ap/AT,
Oil type cpk’
Jojoba Oil 36 25 20 18 0.707
Jatropha Oil 57 43 30 18.25 1.060
Castor Oil 610 345.7 162 120 8.84

Table 3: Percentage increase in viscosity gradient.

Oil type % increase in AW/AT
Jojoba Oil 6.5
Jatropha Oil 31.87
Castor Oil 56.2
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Fig. 2: Shear Rate - Shear Stress Diagram at 40 °C - after Deterioration.

Figure 3 shows the comparison between jojoba and jatropha oils before and after deterioration through the
shear rate — shear stress relationship. It is shown that jojoba oil has lower changes than jatropha oil.

On the other hand, viscosity index (VI) is an important property for any lubricating oil because it measures
the ability of oil to be stable for long term operation upon excessive heating. Oils having high VI changes less
than that of a low viscosity indexes (VI) for a given temperature change, i.e. the oil’s viscosity does not reduce
as much when exposed to high temperatures and does not increase as much as petroleum oils when exposed to
cool temperatures. So this property is affected by the viscosity-temperature gradient, whereas the higher
viscosity indexes (VI), the smaller change in viscosity gradient. Jojoba oil recorded the highest values viscosity
index (VI) 255 compared to jatropha oil and automatic transmission which recorded 143 and 140, respectively.
It means viscosity index (VI) of jojoba oil exceeds by one and half time the viscosity index (VI) of mineral oil
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(automatic transmission) which makes jojoba oil available to be used in any industrial processes expose to high
friction because this oil maintain its properties as it is without changes after heating.
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Fig. 3: Copmarison betweem jojoba and jatropha oils before and after deterioration.

The effect of temperature on oil viscosity at various temperatures (25 — 60 °C) is shown in Fig. 4. It is clear
that there is an inverse relation between temperature and viscosity depending on the nature of oil. Jojoba oil
recorded the lowest change in viscosity with temperature rather than jatropha oil and automatic transmission
which are in the same category of classification (low viscous grade lubricating oil). It refers to the nature of
jojoba oil where its molecules composed mainly of long straight chain monoesters of Cyy; and Cy. and it
differs radically from all known triglycerides in that it is not a fat but a liquid ester wax.
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Fig. 4 Effect of temperature on viscosity.
Conclusion:

Due to the shortage in different types of vegetable oils in Egypt, It is recommended that the utilization of
jojoba and jatropha oils in lubricating purposes is good idea, whereas their lubrication properties are identical to
those of mineral oils. Vegetable oils are non edible vegetable oils, easily cultivated in Upper Egypt and have
viscosity index (VI) closest to mineral oils or higher as in case of jojoba and jatropha oils which maintain the oil
characteristic without changing during operations at excessive heating.
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