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The increasing need for sustainable industrial supplies makes the use of vegetable oil additives a viable option for making industries more
environmentally friendly. In this sense, the use of vegetable-based oils can reduce the friction coefficient of oil, decrease wear rates over
working temperature ranges, and decrease environmental impact by extending equipment lifetime and potentially reducing the need for oil
changes. In this work, motor oil-Jatropha blends at different ratios (97:3, 95:5, 92:8, and 90:10) were investigated for their thermal properties
as a function of temperature, and a tribological characterization was performed to obtain the friction coefficients from each motor-Jatropha
oil blend. Within the studied temperature range, the results indicate that it is possible to modify the thermal properties or even the friction
coefficient by adjusting the mixture ratio. In this work, a further investigation on refined Jatropha as a lubricant oil additive is presented,
adding the variation of thermal properties in the temperature range of55°C.
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1. Introduction therefore, it is necessary to research the modifications in the
thermal properties of these oils [11].

The mitigation of environmental problems has increased the Lubricants are fossil-origin products with rust and wear

e e e B brotection as primary targets. This primary objeciive involves
tre;ns’portation [5.6] Beca’us’e the primary source of contam(-)bta.“nmg information abOL_Jt the me_chanmal properties of the
L e lubricant to match the desired application.
ination in transportation is fuel, several attempts have been
made j[O obtain green fuels: Qatropha .curcas.oil has been used Oil production can be classified according to the oil
as a biofuel and as an additive in lubricant oils [7-9]; there'source,i.e., mineral, animal, or vegetable, and vegetable

fore, knowledge of its thermal properties and tribological be-g;5 ¢an further be divided into edible and non-edible plants.
havior is needed.

Among the non-edible plant oil producers, Jatropha curcas

On the other hand, some other applications in which oil's(Jatropha), Pongamina pinnata (Karanja), Madhua indica,
thermal properties are critical can be mentioned like thermaCalophyllum inophyllum (Polanga), and Hevea brasiliensis
baths in biomedical and laboratory incubators that make us@Goma) can be mentioned [12-15]. Jatropha is the most
of oils instead of water to maintain the temperature stablestudied plant, and it is used in biodiesel production, pro-
for sensitive experiments [10], in electric-powered vehiclesyiding economic, sociological, and environmental advan-
lithium-ion batteries have started being cooled using oils,tages [16,17].
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The reported thermal properties of refined Jatropha and

TABLE |. Composition of several varieties of Jatropha oil. unrefined Jatropha are similar at RT (thermal effusigis
and5.21 x 102 Ws'/2/m2K, thermal diffusivity of 10 and
Fatty acid Content (%) 9.22 x 10~8 m?/s, thermal conductivity of 1.65 and59 x
Palmitic 13.18-17.84 10~! W/mK respectively) [8]. When the Jatropha oil is used
Palmitoleic 0.33-055 as a lubricant, unrefined Jatropha presents bigger wear scars
Stearic 6.48 -12.75 f:om_pared to the RJ oil; thus, the refined Jatropha oil was used
) in this work.
Oleic 30.39 - 42.66 The studied mixtures were prepared as follows: the motor
Linoleic 31.41-44.67 oil was added to a sterile container via pipettes 0.04 ml,

PYREX), and the vegetal oil was added via a micro-pipette

Jatropha is a bush that is five meters tall at a maximung20 + 0.2 ul, Eppendorf). The mass of the mixture was
and has developed in different climates and soils, in addidetermined using a precision balance (OHAUS DV214C,
tion to having a long life, short growth time, and constant0.1 mg). The oils were mixed using an electronic stirrer
fruit production. The Jatropha fruits are non-edible and havgwigger Hauser, HPS 630). Mixtures were made at room
a high oleic acid content, making this bush a profitable andemperature, at 1100 rpm for 30 minutes before each mea-
easy-to-harvest product. The specific fatty acid content desyrement.
pends on several factors, including variety, harvest region,
and amount of water (see Table I) [18-20]. Although sev-3 1 Thermal techniques
eral parts of Jatropha can be used, most studies are related to
seeds, mainly to size and oil-obtaining methods. Jatropha iShe lubricant properties of oils depend on their thermal prop-
one of the most promising alternatives to conventional diesetrties as stated by the Prandtl number, which can be rep-
fuel because of its high content of fatty acids and triglyc-resented as the relationship between kinetic viscosity (also
erides [18-20]. Itis also used as a raw oil source; therefor&known as momentum viscosity or viscous diffusivity) and
its behavior as a lubricant additive is worth researching.  thermal diffusivity Pr = v/« [23]; thus, research on the

The thermal and tribological properties stand out amonghermal properties of oil mixtures as a function of tempera-
the properties of interest for industrial applications. The mosture is highly recommended.
prominent parameters are the thermal effusivify thermal
diffusivity (a), thermal conductivity £), density ), spe- 2.1.1. Calorimetry
cific heat capacity (), wear print (W), and friction coef-
ficient (u). The specific heat capacity indicates the amount of heat re-

Jatropha can reduce wear, lower the friction coefficientduired to raise the sample temperaturel bi. It can be cal-
and improve thermal properties when used as an additive ifulated from the thermal effusivity, thermal diffusivity, and
motor oil at 95:5 and 90:10 motor/Jatropha ratios [7—9].density €, = ep~'a~"/?), or it can be measured directly.
Thermal properties are related to tribological properties,’o‘d'fﬂll'?)f’vl“C scanning palorlmetry (ASC) IS.used to measure t'he
therefore, it is reasonable to complement the thermal propSpeCIfIC heat capacity. This technique is based on applying
erties of such mixtures at intermediate ratios of 97:3 and constant heat over a sample and then obtaining the specific
92:8. Motor oil/Jatropha mixtures were studied at temperf1€at capacity from the enthalpy change in an isobaric envi-
atures ranging frorg0 — 55°C to obtain further information. fonment ¢H = dQ):

dsS dQ dt .\ 1
=T = Gar = <T> ’

whereC,, is the specific heat capacity@/dT), T is the tem-
The mixtures were made with SAE 15W40 commercial oil asperature,S is the entropy(dQ/T), Q is the supplied heat,
the mixture base oil because of its mineral origin and work-s the time, P is the power suppliedd@/dt), andT is the
ing temperature (from now on SAE, QuaRz5000M), and  temperature scanning rafél’/dt) [24].
refined Jatropha oil (RJ) was used as the additive (Centro de The employed ASC is formed by a sample cell placed
Desarrollo de Productos &iicos, Mex.). The thermal prop- in an adiabatic environment; the adiabatic environment uses
erties of this particular SAE oil are widely available in the two thermal shields. Because the heat exchange between
literature [8,21]. the sample and the surroundings directly impacts the mea-

Jatropha Curcas L. is from the Euphorbiaceae family, andurement precision, the calorimeter employs a vacuum in the
this variety was selected because it has oily seeds; at the sarh@* mbar to further reduce the sample heat loss due to con-
time, it provides a new application for non-edible seeds. Thevection [25]. The temperature of the sample cell and the first
refined Jatropha shows a densitygof= 868.55 Kg/m?3, and  shield is controlled in such a way that the temperature be-
40 — 55 cP for viscosity at room temperature (RT22°C)  tween them is zero. The second shield is placed in a thermal
whereas the selected motor pik= 896 Kg/m?3 [8,22]. bath at a constant temperature. The temperatures of the

2. Materials and methods
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Temperature frequency-modulated lasef)is directed to one side of a py-
sensors Vacuum pumpliyg roelectric sensor, with the sample positioned on the opposite
oot il side. A frequency sweep is then performed. The pyroelec-

tric material is from the Lead Zirconate Titanate (PZT) fam-
ily, 500 um thick, and has well-known thermal properties.
Detailed experimental setups can be found in the literature
[21,26]. The pyroelectric signal is a function of the thermal
properties of the sample, the thermal properties of the pyro-
electric, and the light modulation frequency. The frequency
range was chosen to obtain thermal effusivity and thermal
diffusivity at the same time; then, it is possible to obtain ther-
mal conductivity by using a mathematical relationship.

The frequency range spans fraiml to 10 Hz, making
the pyroelectric thermally thin at the lowest frequencies and
thermally thick at the highest frequencies. Therefore, the fre-
quency at which the pyroelectric changes from thermally thin
to thermally thick is in the middle of the frequency range.

Thermal effusivity can be obtained using the thermally
thick pyroelectric, expressed as the product of the pyroelec-
tric thermal diffusivity times its thickness, which should be
FIGURE 1. Adiabatic scanning calorimeter. greater than oney, L, > 1. The producta, L, is defined

by L,\/7f/a,, whereL, and«, refer to the pyroelectric
sample cell and shields are monitored, as shown in Fig. lthickness and thermal diffusivity, respectively.
The procedure to carry out calorimetry measurements is as Then, for a thermally thick sample, the pyroelectric signal
follows: 12 ml of sample in place in the sample container.;s normalized using EqiJ.
The amount of the sample is due to the sample container ca-

Sensor 2 ‘

B P

Sensor 3 ‘

first shield

Heaters

Heater 2

pacity. The sample is placed in the container at RT. Since the Va(f)

thermal bath employs water and no chill system was used, Vn(f) = V.0 (1)
measurements were made in t8@° to 90°C temperature g

range.

With V,(f), the pyroelectric signal with the sample under
research is placed on the opposite side of the pyroelectric sen-
sor, andV, (f), the pyroelectric signal when the opposite side
The frontal photopyroelectric technique (also known as an inof the pyroelectric sensor is air. This is made to compensate
verse photopyroelectric technique) was used for thermal effor thermal parameters that depend only on the pyroelectric

fusivity and diffusivity measurements. In this technique, a sensor, thus making the thermal parameters of the pyroelec-
|  tric sensor constant.

2.1.2. Thermal effusivity and diffusivity

(1 — e(1+j)¢lpr) (1 -+ Zi) + (6*(1"’]‘)”'171’17 — 1) (1 _ 579)

Vi(f) = ). (2)
With j2 = —1, e; is the thermal effusivity, and the subindéx= p, ¢, s refers to the pyroelectric, air, and sample,

respectively.
(1 — e(+ianLy) (1 n a) + (e~ (HDanks _ 1) (1 _ gg)

€p

2
e—(1+35)apLy (e—g — 1) (1 — e—g) + e(l+i)apLy (1 + e—-")
e €p €p

P

) ®)

Vg(f) =

The normalized signal as a function of the frequency depends on the sensor and sample thermal effusivity; thus, itis possible
to obtain the sample thermal effusivity by knowing the sensor’s thermal effusivity. Thermal diffusivity can be obtained by using
the relationship between the phases of a reference sample and the sample under analysis. When the pyroelectric is thermal
thin (a, L, < 1), the thermal diffusivity can be obtained using the tangent of the phases’ ratio [27].

. — (ta“‘% ) . @)

tan ¢,
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oil mixture was placed in a graduated cylinder and sealed to
ensure a constant mass, and a thermometer was used to ge 221
the mixture temperature. The mixture was placed in a sili-

cone oil bath to reduce the influence of temperature changes. 2! £ A . & 5 & P
When the sample density, thermal diffusivity, and thermal ef- Temparature (°€)

fusivity are known, the mass-specific heat can be calculated

using the relationship, = es/p\/@- ::IGURE4. Specific heat(),,) of samples as a function of tempera-
ure.

2.1.4. Tribological measurements show a similar trend, the mixtures are expected to behave
. . . . similarly.
The pin-on-disk method consists of a metal pin pressed, at As mentioned in the methodology section, thermal con-

controlled force, over a rotating disk; when the lubricant Isductivity and specific heat can be calculated from thermal ef-

the analyzed sample, the pin and the disk are made of materj-_. . e . .
als with )I/mown mgchaniczgl properties like hardness, and théusmty, thermal diffusivity, and density. Calculating thermal

friction coefficient is measured as a time function as shownconducwIty and specific heat using the thermal relationship

in Fig. 2. The wear test was performed using an axial load of" volves error propagation; therefore, as a way to have an-

4.905 N and 0.66 m/s velocity during 300 s. Chromed stee?ther source of information, the specific heat was measured

spheres, 1 cm in diameter, and 5 cm in diameter carbon stegp 9 @ cglonmeter, thereby obtaining the samples’ behavior
s a function of temperature.

1018 plates, 1.26 cm thick, were used for wear studies to tedt o . - .
the oil mixtures’ lubricant capability. Specific heat is presented in Fig. 4, and it should be noted

that Jatropha’s specific heat behaves differently from the rest

of the analyzed samples. For instance, the slope of a linear
3. Results and discussions fitting of Jatropha’s specific heat1s02 x 10~2, whereas the

slope of linear fittings from the rest of the samples is within
The mixture densities are shown in Fig. 3 as a temperaturthe range3.54 x 1072 t0 5.28 x 1072, The 90:10 sample
function; the 100% motor and Jatropha densities are alsexhibits the most stable growth rate behavior as a function of
shown for comparison purposes. It can be seen that 97:3¢mperature.
95:5, and 92:8 mixture ratios have similar values over the Figure 5 shows the thermal effusivity for the studied sam-
entire temperature range, whereas the 90:10 mixture ratiples. The inset in Fig. 5 shows an example of the pyroelectric
presents the lowest density. Because Motor and Jatropha o#$gnal for a selected sample. The thermal effusivity calcula-

Rev. Mex. Fis72020601
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FIGURE 7. Frictional Coefficient of motor Oil (SAE), Jatropha oil

FIGURE 5. Thermal effusivity of the samples as a temperature (RJ), and studied mixtures, obtained by the Pin on Disk method.
function. Inset: An example of the pyroelectric signal for a selected

sample, open circles are the experimental points, and the solid line

is the best fit of Eq.2) to the experimental data. TABLE II. Average values of friction coefficieny of SAE, RJ,
and studied mixtures.
A Qil w(x10™1) a(x1072)

y/ e SAE 3.15 1.54
W 97% SAE 3% RJ 2.46 1.81

- 95% SAE 5% RJ 2.51 4.65
90% SAE 10% RJ 92% SAE 8% RJ 2.20 1.88
92% SAE 8% RJ 90% SAE 10% RJ 2.58 1.29
95% SAE 5% RJ RJ 183 186
97% SAE 3% RJ of non-lubricated, SAE 100%, 97:3, 95:5, 92:8, 90:10, and

RJ 100%, respectively.
Table 1l shows that the SAE 92%-RJ8% ratio presents

£ 0.0 T

20 25 30 35 40 45 50 55 the lowest friction coefficient as a time function compared to

Temperature:( Gy other SAE/RJ combinations. On the other hand, RJ oil dis-

FIGURE 6. Thermal diffusivity of the studied samples in the Plays the lowest friction coefficient compared to the studied
20 — 55°C range. samples.

tion involves fitting Eq./T) to the experimental points; there- 3-2. Discussion

fore, a fitting error appears. The error bar presented in Fig. is already pointed out for Contreras and Gallardo, the re-

accounts for the error in the calculation of thermal effusiv-_. . .
) o fined Jatropha mixtures present the most significant changes
ity due to the fitting procedure. It should be noted that all. ; ; L
, . . . ."_in their thermal properties within thito 10% Jatropha con-
samples’ behavior can be approximated by a linear function ) : .
i i . - tent [7, 8]; therefore, this work fills the gap about the ther-
with RJ and 90:10 having the slope closest to zero within the . ; . L
mal properties for mixtures in the range where the significant

analyzed temperature range.

e : - . changes in thermal properties take place.
. The _ther_m_al diffusivity for the studied 9”5 is shown in The refined Jatropha has the smallest specific heat slope,
Fig. 6, diffusivity values were calculated using Ed). (

indicating thermal stability; at the same time, it has the small-
est friction coefficient. As a drawback, the price of using pure
3.1. Friction coefficient as a time function RJ can be expensive for some applications; therefore, when

thermal stability is the goal, RJ is the option of choice, but
The wear test gives the friction coefficient as a time functionat a cost. The SAE 97:3 has a similar specific trend as the
for the studied samples; the results for the studied ratios aremperature function of motor oil and a friction coefficient
shown in Fig. 7, and the non-lubricated sample is also showbetween the SAE and RJ. On the other hand, despite the SAE
for comparison purposes. The friction coefficients are in thed5:5 combination presenting a similar friction coefficient to
ranges of 5-8.5, 0.29-0.34, 0.22-0.26, 0.16-0.26, 0.20-0.24he rest of the combinations, a higher standard deviation in
0.23-0.28, 0.15-0.17 for the motor-Jatropha oil combinationghe friction coefficient was observed.

Rev. Mex. Fis72020601
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Thermal effusivity can be modified with a linear-like motor or Jatropha oils. Pure refined Jatropha exhibits better

trend as a temperature function, and thermal effusivity varietubricating properties in friction coefficient measurements,

over a range between 300 and 700'W#&m2K, which spans

but at a cost. For this reason, the 92:8 blend appears as the

an opportunity for tuning thermal properties for specific ap-better option to reduce friction. Density diminishes with tem-

plications.

4.

perature as the theory indicates, with the same trend for all

blends.

Conclusion _
oil

It is worth mentioning that the temperature of the tested
s changes during tribological measurements. The gener-

Combining Jatropha with motor oil enhances the lubrican@ted friction is released as heat in the tested oil. In this work,
properties, thus lowering friction. The 97:3 and 92:8 com-the oil temperature was not monitored during the test; this
binations give reduced friction coefficients compared to purdimitation should be taken into account in future studies.
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