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Abstract

It bears an important significance to environmental and
ecological protection in developing environmentally friendly
lubricants, which are mainly made up of easily biodegradabie and
non- toxic lubricants such as synthetic esters and vegetable oils all
over the world. Except for the shortcomings on the rheological
characteristics and short-life application capabilities, the utilization
of vegetable oils is a way to make full use of solar energy and to
solve the crisis of petroleum. It’s known in the paper that using
vegetable oils as lubricants is a way to make full use of solar energy.
The castor oil is only vegetable oil with hydroxyl in the nature,
which main component is castor oil acid. The acid anhydride is
firstly isomerized and esterified with castor oil on 12- hydroxyl of
castor oil acid to improve the rheological and tribological
characteristic.

1. The structural impact of linear alkyl synthetic esters and
vegetable oils on the rheological and tribological characteristics was
closely reviewed and analyzed. The test result proved that their VI
and antiwear characteristics are ameliorated with the increase of
chain length of the esters of the same type. (DThe pour points of the
linear esters are higher than those of iso-esters with the same nember
of carbon atoms. The VI from Methyl oleate to n-Buthyl oleate
increases from 205 to 216. @ The degree of isomerization is
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enhanced by the branching molecules so that the tribological
characteristics are boosted up. The antiwear and Py of pentaerythritol
esters are excellent due to cubic structure. Vegetable oils are mainly
made up of unsaturated glyceride fatty acid. Their carbon chains are
so long and so strong that the tribological characteristics are
excellent. The castor oil acid belongs to the mono-hydroxyl
unsaturated fatty acid group with strong H-bond so that the attraction
between the molecules increases, which causes the viscosity of the
Castor oil higher than that of other vegetable oils. ® Additive
compatibility: the long linear alkyl additives are more susceptible to
the linear alkyl di-esters , than to pentaerythritol esters; additives
with aromate ring have better susceptible to pentaerythritol esters
and vegetable oils with complicated structure and dimensicnal
position resistance, and those with high polarity are more susceptible
to synthetic esters. Heavier lubricants with thicker boundary flim
have better antiwear properties on the light loads. The highly
isomerized esters, pentaerythritol and vegetable oils strengthen the
molecule polarity and activity so that they have very good
characteristics. The good lubricant characteristics of synthetic esters
and vegetable oil form the basis of environmentally friendly
lubricants.

2. The assumption that the Castor oil(vegetable oil) is
isomerized and synthesized as esterified castor oil to modify its
structure was studied and put forward in the paper. The castor oil
was firstly esterified with acid anhydride on 12- hydroxyl of Castor
oil acid to successfully synthesize the esterified castor oil, where the
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best reaction conditions were found. The structure of the esterified
castor oil was analyzed on the modern instruments. (Dthe best
conditions of the reaction: the mol ratio of reaction; Castor oil : acid
anhydride is 1/3 , the temperature of the reaction is 80~85°C and the
time of reaction is 4 hours. @the analysis of structure: The absorbed
characteristic peaks are familiar with the esterified castor oil on IR.
Part of 12- hydroxy! of castor oil acid is esterified into single, di and
tri-ester, whose are validated in TLC and LC-MSD. @Comparison
with the castor oil, the rheological characteristics of esterified castor
oil, especially its pour point and VI are significantly improved. The
VI of esterified castor oil compared to Castor oil increases from 72
to abovel30 and its pour point is lowered from —19°C to —40°C.
The VI of the esterified Castor oil synthesized with iso-acid
anhydride is greatly improved along with the pour point decreasing.
@The tribological characteristics of the esterified Castor oil is better
than those of Castor oil, Di-iso-butyl sebacate, Pentaerythritol esters
(C;- acidate), mineral oil 150#, bean oil, Rapeseed oil. As part of
12- hydroxyl of Castor oil acid has transformed into ester so that the
isomerization degree of esterified castor oil increases with the
branching carbon chain(C,¢) extending. & The compatibility of the
esterified castor oil with ashless additive TAW and ZDTP(T202) is
best, with T301 and T302 just so-so, and the nano-scales CyFx poor.
The antiwear characteristic of nano-scales CyFx is just so-so, but the
antifriction is excellent. ®The research on driving test of worm
wheel and worm shank(Cu-Fe friction pair) of chemically
reconstructed castor oil. The driving efficiency on esterified Castor
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oil sulfurized and esterified Castor oil is not as good as
pentaerythritol esters(C,., acidate), almost the same as the
polyethers , better than mineral oil 100#, and the copper and iron
contents of the lubricants are more and more to the above order., and
the antiwear is less and less. (DThe oxidation stability of esterified
castor oil is almost the same as castor oil, where oxidation induction
period is similar to polyethers and less than pentaerythritol
esters(C,_, acidate).

3. The primary experiment on lessening unsaturated bonds of
vegetable oils to improve the oxidation stability.

(1) The oxidation stability on light sulfurized castor oil and the
light sulfurized,esterified castor oil doesn’t improve better than the
castor oil, but their tribological characteristic improves. (DLight
sulfurization of castor oil is to add sulfur (reaction 0.5%S, 1%S,
2%S, 3%S) to the unsaturated bonds of the castor oil and the
reaction temperature is controlled at about 150°C so that their
viscosity increases from 327 mm?/s to 545 mm?/s and VI decreases
from 135 to 100. Their pour point is raised from -25C to -15C,
their unsaturated degree and iodine number decreases from 90.6
mg-1/100 g to 88.5 mg-[/100 g, but its sulfur content increases from
0.412 % to 2.6%. The double-bond peak changes on 3 008 cm™ of
the IR figure. @The oxidation stability and thermal stability of
sulfurized Castor oil is almost the same as that of the Castor oil
without any improvement. @ Their wear diameter Dj’N
decreases from 0.32mm to 0.36mm and their Py increases from
823N to 919N with sulfur(0.5%~3%) added.
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(2) The characteristics of light sulfurized and esterified castor
oil DIt’s shown by the IR and LC-MSD that the sulfurized castor
oil esterified with acid anirydride on 12- hydroxyl forms single, di
and tri-esters. It’s shown that the characteristics on double-bond
peak of light sulfurized and esterified Castor oil change. @The VI
of CSE-0.5 and CSE-1 are 116 and 155 respectively and their pour
points are —24°C and -36°C. @ Their respective antiwear and Py
are 0.38 mm, 0.37 mm and 823 N, 870 N, which exceed the value
for castor 0il(0.44 mm, 785 N), but there is rheological and pour
point improvement. @ The oxidation stability. The oxidation
induction period of CSE-1 by PDSC at 180°C is 6.3min, less than
that of the castor 0il(8.3 min). ®The best dosage of antifricton
additives for chemically restructured castor oil, synthetic esters and
vegetable oils is 1%. These additives sulfurized butene (T321),
chlorowax(T301), zinc dialkyldithiophosphate(ZDTP, T202) and
ashless P-N type agent (TAW) and non-toxic nano-scale CyFx. The
main elements of friction films of the chemically restructured Castor
oil are O, C , S in-situ; materials of friction pair Fe and the
constituent elements of additives S, P, N, and Cl etc. The content of
elements C, O increases at first, and then decreases. The iron content
is gradually going up with sputtering time extending. The elements S,
P, N and Cl in the additives penetrate into the surface of friction pair,
the contents of which first rise up, then fall down because of the
inborn chemical reaction films.

(3) The oxidation stability of the chemically restructured castor
oil mixed with Di-iso-octyl phthalate(CE) is improved in the paper.
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