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Abstract Environmentally friendly vegetable oils and

their derivatives represent alternatives to mineral-based

lubricants. Vegetable oils have high biodegradability and

low production costs. Their poor thermo-oxidative stability

and poor low temperature properties are disadvantages in

their use as lubricant basestocks. In our study we used corn

oil and diester mixtures, which become lubricants when

additives are introduced. These mixtures of corn oil and di-

2-ethylhexyl-adipate (DOA) and di-2-ethylhexyl-sebacate

(DOS) offer a wide range of kinematic viscosities, pour

points lower than -39 �C and flash points over 218 �C.

The diameters of wear scars measured under four-ball

testing (40 daN) are less than 0.90 mm and the copper strip

corrosion test result is 1a. The differential scanning calo-

rimetry study and thermogravimetric study under nitrogen

atmosphere and in synthetic air are reported. From these

studies a higher thermal stability was observed for corn oil

than for diester oils. The thermo-oxidative instability

occurred at temperatures higher than 350 �C. The low

production cost of corn oil and its mixtures with diesters

makes them an attractive alternative to mineral oil

lubricants.
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Introduction

It is well known that approximately 85% of fluids used

as lubricants are mineral oils [1]. Because of their low

biodegradability (lower than 30%), mineral oils are not

environmentally friendly. The petroleum resources are

limited. So, a legitimate question appears: what will be the

source of raw materials for lubricants in the future? We

consider that vegetable and synthetic oils and their mix-

tures may represent such a source.

In order to avoid pollution of the environment, it is

necessary to use biodegradable lubricants [2, 3]. The bio-

degradable oils are esteric and vegetable oils. Esteric oils

have a biodegradability of over 90%, and vegetable oils

over 95% [2, 4]. While the source of synthetic esteric oils is

limited, vegetable oils could be produced in vast amounts

[5–7] being a renewable source.

The use of vegetable oils as lubricants offers a wide

range of advantages such as: high biodegradability [8],

low pollution of the environment, compatibility with

additives [9], low production cost [10], wide production

possibilities [11], low toxicity, high flash points, low

volatility and high viscosity indices [12]. As drawbacks

for their use as lubricants [12–14] we mention relatively

high freezing points [2] and their low thermo-oxidative

stability [15].

Vegetable oils are also a source of fatty acids for polyol

esters [16, 17]. These polyol-esters are also base oils for

environmentally friendly lubricants.

Synthetic esteric oils offer the advantage of high bio-

degradability, medium viscosity indices, high thermal-

oxidative stability, low pour points, compatibility with

additives, low volatility and high flash points. Among their

disadvantages are high production costs and limited raw

materials for production [18].
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In our previous work [9, 18–20] we studied the mix-

tures of three vegetable oils (sunflower, soybean and

rapeseed oils) with diesters (DOA and DOS). These oils

mixtures provide a wide range of viscosities for the

manufacture of industrial lubricants. To follow up our

studies we used in this work the corn oil because it is a

renewable source and it has high tribological properties.

We also used di-2-ethylhexyl-adipate (DOA) and di-

2-ethylhexyl-sebacate (DOS) because they are more

industrial accessible than other diesters. The aim of this

study was to present the physico-chemical and tribological

properties as well as their thermal and thermo-oxidative

stability of corn oil and its mixtures with diesters.

Experimental

New base-stock oils obtained from mixtures of a syn-

thetic diester, DOA, DOS and corn oil were studied. In

our studies we used food commercial corn oil, type

‘‘Bunica’’ from Romania, with an iodine value of 126 g

I2/100 g oil and fatty acid composition: 11% palmitic

acid, 2% stearic acid, 28% oleic acid, 58% linoleic acid,

1% linolenic acid. This composition was determinated by

transesterification of triglycerides with methanol, fol-

lowed by gas-chromatography of methyl esters of fatty

acids. The DOA used had 98.5% purity and DOS had

98.7% purity, made by ‘‘Solventul’’ Plant Work from

Timisoara, Romania.

The crude oils (diesters and vegetable oils) studied were

purified by washing with a solution of 5% NaOH and

water. After vacuum volatilization at 10 mm Hg, for 2 h,

they were treated with 2% activated Al2O3 and filtered,

obtaining the base-stock oils. The oil mixtures were

prepared at room temperature, with vigorous stirring. They

contain 25/75, 50/50 and 75/25 mass% corn oil/diester.

Physico-chemical and rheological properties were

determined using ASTM methods specified in Tables 1 and

2. The four-ball machine used was made by the Army

Research Institute from Bucharest, Romania, according to

the ASTM D4172 method.

Density determinations were made at 20 �C in agree-

ment with ASTM D1298-IP 160 using a Hydrometer P204

(87H) provided by Analis Comp., Namur, Belgium.

The volatility was determined in agreement with ASTM

D6184 in an electrical stove using glass pans of 4 cm

diameter.

Flash point determinations were conducted in agreement

with ASTM D92 using a Cleveland open-cup flash point

tester, provided by Analis Comp., Namur, Belgium.

Pour point determinations were made in agreement with

ASTM D97 using an automated pour point tester (MPC

series), Tanaka, Japan.

The kinematic viscosities were measured at 40 and

100 �C (ASTM D445) with an Ubbelohde viscosimeter

P101 and P102 supplied by Analis Comp., Namur,

Belgium.

The copper corrosion determinations were made in

agreement with ASTM D130 using electrolytic copper

plates of the dimensions 76/12/2 mm. For comparison we

used the ASTM copper strip corrosion standards supplied

by Stanhope-Seta, Surrey, UK.

Abbé refractometer used was A. Krüss Optronic GmbH

Germany, type 1997.

The differential scanning calorimetry (DSC) and ther-

mogravimetric (TG)/derivate thermogravimetric (DTG)

tests were recorded on Netzsch equipment (DSC 204

Phoenix, system Controller TASC 414/3A), in a nitrogen

Table 1 Physico-chemical and rheological properties of corn oil and di-2-ethylhexyl adipate mixtures

Characteristic Corn oil Basestock corn oil/DOA DOA Test method

25/75 50/50 75/25

Density (g/cm3) 0.916 0.923 0.920 0.918 0.929 ASTM D1298

Refractive index, nD
20 1.475 1.457 1.463 1.470 1.448 Abbé refract

Colour 6 7 8 8 4 Iodine scale

Volatility, 120 �C (%) 0.21 1.89 1.84 1.02 1.85 ASTM D6184

Acid value, (mg KOH/g) 0.31 0.24 0.26 0.28 0.22 Alcoholic KOH sol. titration

Flash point (�C) 280 218 228 250 207 ASTM D92

Kinematic viscosity, 40 �C (mm2/s) 32.41 10.87 16.21 22.90 7.85 ASTM D445

Kinematic viscosity, 100 �C (mm2/s) 8.06 3.18 4.26 5.80 2.37 ASTM D445

Viscosity index 237.5 158.49 181.89 215.49 124 ASTM D2270

Pour point (�C) -26 -39 -35 -28 B50 ASTM D97

Copper strip corrosion test, 3h, 100 �C 1a 1a 1a 1a 1a ASTM D130

Four ball wear test, 40 daN, 1 h (mm) 0.72 0.84 0.78 0.74 0.91 ASTM D4172
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atmosphere with 5 �C/min heating rate. The TG and DTG

test in synthetic air atmosphere were recorded with a

Diamond TG/DTA Perkin–Elmer-2006 instrument, with

5 �C/min heating rate.

The DSC calibration was performed using the standard

kit DSC 200 and the program included in the installation

kit of the apparatus. The software used was Netzsch-TA4.

The sample pan was sealed and then perforated, in order to

avoid expansion. We used approximately 10-mg samples,

in an aluminum pan. The nitrogen flow was 15 mL/min.

There were three determinations for each sample.

The calibration of Perkin–Elmer TG/DTG apparatus

was carried out using PIRIS 8.0 software and Perkin–Elmer

calibration standards (Pb, Zn, In, Sn, Al, Au, Sb). The

quantity of sample used was 8–10 mg, in an open alumi-

num pan. Synthetic air (20% O2 spectroscopic purity and

80% N2) was delivered by Linde Gas supplier, is a com-

pressed air and has a 5.0 purity (99.999% purity). The air

flow was 100 mL/min. The software used for data pro-

cessing was PIRIS 8.0.

Rheological determinations were performed with a

pycnometer, calibrated by the Romanian State Metrologi-

cal Institution form Bucharest.

Results and Discussion

Tables 1 and 2 describe the main physico-chemical and

tribotechnical properties of corn oil and DOA and DOS,

respectively. All mixtures have flash points above 225 �C

and pour points below -26 �C. Because the values for

densities and refractive indices present linear increase from

diester to corn oil we may conclude that these are physical

mixtures. We also notice that kinematic viscosities present

values between 2.37 and 8.06 mm2/s at 100 �C and

between 7.85 and 32.4 mm2/s at 40 �C. The viscosity

indices of the mixtures are better than those of diesters base

oils, from 124 to 237. Tables 1 and 2 also show that the

volatilities of the mixtures are lower than 1.9%, the wear

scar diameter on the four ball machine (40 daN/1 h) is

lower than 0,84 mm and the copper corrosion is very low,

having a 1a mark.

For a better understanding, we present for comparison

the physical characteristics of a light spindle mineral oil

[5]:

• density = 0.9 g/cm3,

• kinematic viscosity at 40 �C = 10.1 mm2/s,

• kinematic viscosity at 100 �C = 2.48 mm2/s,

• viscosity index = 52,

• flash point = 160 �C,

• pour point = -10 �C.

So all the properties of diesters and vegetable oils mixtures

have better values than those of a mineral oil.

Thermal and Thermo-Oxidative Studies

In Fig. 1 the DSC curve and in Fig. 2 the TG/DTG curves

for corn oil are reported. In Figs. 3 and 4 the TG/DTG

curves for corn oil/DOA and corn oil/DOS mixtures are

also reported. In the DSC curve of corn oil (Fig. 1),

recorded in a nitrogen atmosphere, an endothermic peak at

-30.3 �C was recorded corresponding to the melting point

of the oil. We can also observe an exothermic process at

188.1 �C (where double bond C=C is probably implicated)

and a thermal decomposition process at 392.2 �C. The TG/

DTG curves of corn oil (Fig. 2) show that 0.61% mass is

lost prior to 200 �C. The major decomposition process,

Table 2 Physico-chemical and rheological properties of corn oil and di-2-ethylhexyl sebacate mixtures

Characteristic Corn oil Basestock corn oil/DOS DOS Test method

25/75 50/50 75/25

Density (g/cm3) 0.916 0.911 0.913 0.914 0.907 ASTM D1298

Refractive index, nD
20 1.475 1.459 1.465 1.471 1.454 Abbé refract

Colour 6 7 8 8 5 Iodine scale

Volatility, 120 �C (%) 0.21 1.79 1.87 1.52 1.8 ASTM D6184

Acid value (mg KOH/g) 0.31 0.28 0.27 0.30 0.26 Alcoholic KOH sol. titration

Flash point (�C) 280 226 240 266 225 ASTM D92

Kinematic viscosity, 40 �C (mm2/s) 32.41 14.3 18.87 25.07 11.4 ASTM D445

Kinematic viscosity, 100 �C (mm2/s) 8.06 3.91 4.92 6.29 3.2 ASTM D445

Viscosity index 237.5 181.93 203.8 219.19 154 ASTM D2270

Pour point (�C) -26 -42 -35 -30 -50 ASTM D97

Copper strip corrosion test, 3 h, 100 �C 1a 1a 1a 1a 1b ASTM D130

Four ball wear test, 40 daN, 1 h (mm) 0.72 0.85 0.86 0.87 0.905 ASTM D4172
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with 51.91%, begins at 369.7 �C. The higher decomposi-

tion rate, of 89.41% mass loss, is recorded at 400 �C and

the total mass loss is registered at 500 �C. The DSC and

TG/DTG curves for DOA and DOS were described in our

previous works [19].

In Figs. 3 and 4 the TG/DTG curves of corn oil/DOA

and corn oil/DOS mixtures in nitrogen atmosphere are

recorded. These figures show the temperatures of major

decomposition in two stages corresponding to corn oil and

diester. First decomposition process corresponds to diester

and the second to the corn oil. It also proves that the

mixture of these two oils is a physical one.

In Figs. 5, 6 and 7, the TG and DTG curves of corn oil,

50% corn oil–50% DOA and 50% corn oil–50% DOS

mixtures in synthetic air recorded are presented. From the

TG/DTG curves of corn oil (Fig. 5) we notice that no major

decomposition takes place up to 350 �C, compared to the

curves recorded in a nitrogen atmosphere. Over this tem-

perature the decomposition process takes place in a

different manner. At 435 �C a new minimum is recorded

in the DTG curve, which is probably associated with the

double bonds oxidation process.

In the TG/DTG curves of the oil mixture 50% corn oil–

50% DOA in synthetic air (Fig. 6) the two decomposition

processes specific to the two oil types are shown. The first

major decomposition is recorded at 260 �C and corre-

sponds to DOA, and the second one, at 335 �C corresponds

to corn oil. The graphic also shows some minor decom-

position processes at 400 �C which probably are due to the

double bonds oxidation. The total decomposition is regis-

tered at approximately 500 �C.

The TG/DTG curves for 50% corn oil–50% DOS mix-

ture in synthetic air present the first major decomposition

process at 275 �C and the second, not so pronounced, at

345 �C. Figure 7 also shows some minor decomposition

processes at 410–415 �C and the total decomposition is

registered at 500 �C.

From the TG/DTG curves recorded in nitrogen atmo-

sphere and synthetic air we notice that in both cases the

first decomposition process takes place at close tempera-

tures (limited by the apparatus precision). For the

thermograms recorded in synthetic air this first decompo-

sition is major. The second decomposition in synthetic air

is recorded at a lower temperature (about 30 �C) than the

one recorded in nitrogen atmosphere.

In a previous paper we proved, using TG determina-

tions, that synthetic oils have higher thermal stability than

mineral oils [21]. Mixtures of corn oil and diesters con-

stitute a new source of basestock oils for lubricants. The

iodine value (unsaturated compounds) of the mixtures

decreases, assuring an increase of their thermo-oxidative

stability.

Corn oil represents a raw material for lubricants. The

mixtures of corn oil and diesters create a source of basestock

Fig. 1 DSC curve of corn oil in nitrogen atmosphere

Fig. 2 TG and DTG curves of

corn oil in nitrogen atmosphere
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for lubricants. The viscosity indices of mixtures with over

25% corn oil are between 158 and 237, while the pour points

are lower than -39 �C and flash points are over 218 �C.

Thermal and thermo-oxidative studies reveal that the

thermal stability of corn oil is better than that of diesters,

and thermo-oxidative stability is only influenced by

Fig. 4 TG and DTG curves of

corn oil (50%)–DOS (50%)

mixture in nitrogen atmosphere

Fig. 3 TG and DTG curves of

corn oil (50%)–DOA (50%)

mixture in nitrogen atmosphere

Fig. 6 TG/DTG curves for 50% corn oil–50% DOA mixture, in

synthetic air
Fig. 5 TG and DTG curves for corn oil, in synthetic air
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temperatures over 400 �C. The mixtures of corn and diester

oils are physical homogeneous mixtures.

Through their characteristics the mixtures of corn oil

and diesters prove to be superior to mineral oils, as pre-

sented in the ‘‘Results’’ section. They can be used as

lubricants for engines and machines demanding the vis-

cosity values corresponding to those of these mixtures.
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