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Abstract

Due to its special physical and chemical characteristics,
nanometer-level solid lubricant has received more and more
attention and has developed quickly. Currently the main interest of
researchers is focused on producing nanon particles by aggregation
method, however, these particles are certainly difficult to be
produced in an industrial scale because of complicated technology,
careful operations and high cost required. Another widely used
method in industry, the machine-grinding method has the features of
simple technology, high production efficiency and batch production,
but the particles from this method are difficult to achieve nanometer
level, and the smallest ones can only go to micron level. So far there
is no report about nanometer-level particles produced by this method.
It is possible that, when being pulverized by machine-grinding
method, the particles will reaggregate because of the increase of
surface energy. And the aggregation will accelerate during the
pulverization. When the aggregation speed equals to the
pulverization speed, the particles are in the dynamic balance
between aggregation and pulverization, and the size of it will not
reduce any more. So by means of combining both enhancing
pulverization so as to increasing the pulverization speed and
intensifying dispersion by employing "shell" structure to the effect
of decreasing the aggregation speed, the particles will be pulverized
smaller, even to nanometer level. In this research, combining
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pulverization theory and colloidal theory. we designed and
manufactured a nanometer ball mill unitizing strengthening
pulverization to accelerate the pulverization and strengthening
dispersion to decelerate the aggregation. And taking it as a
simulation device of production, we prepared three types of nanon
solid lubricant. Their friction mechanism was analyzed and they
were compared with the commercial nanon-level graphite fluoride
on the tribological characteristics.

In this dissertation, three solid lubricants, MoS,, PTFE and
French chalk commonly used in industry, were selected as the main
raw materials and samples were prepared through a series of
preparation experiments with nanon ball-mill designed and
manufactured by the author. By SEM and TEM the shape and
particle diameter of raw materials and prepared samples were
analyzed and processing technology parameters of nanon ball-mill
were studied with the result of the optimal technology parameters as
following: rotational speed 2800 r/min; time of grinding 12h;
diameter of steel ball 2mm; volume percentage of oil 40%; filling
rate of ball 35%.

On the basis of these optimal technology parameters of nanon
ball-mill, the effects of viscosity of lubricant oil, quantity of raw
material added, and various surfactants used in the preparation of
nanon-level solid lubricants were investigated. It is found that low
oil viscosity and less quantity of raw material matched with the
optimal dispersant to any of the above three solid lubricants are
beneficial to preparing nanometer particles. with the help of
dispersing agent T154 compounded with oil barium sulfonate,
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nanon-level MoS, with average diameter of 40nm and minimum one
of 10nm can be processed and with the help of dispersing agent
T154 compounded with chlorinated paraffin wax, nanon-level PFTE
with average diameter of 20nm and minimum one of 10nm can be
processed. And when dispersing agent T154 is compounded with
dispersing agent T306, nanon-level French chalk with an average
diameter of 40nm and a minimum one of 10nm is produced.
Moreover all of them have even particle-diameter and good
dispersivity. In addition we specially pre-process PTFE by Co60
irradiation before its smashing and grinding because flexible PTFE
is difficult to be ground. It was shown that any PTFE non-radiated or
inadequately radiated cannot be manufactured into nanon-level
particles, and PFTE with radiation of 200K can be made into about
20nm-diameter particles. The reason of this phenomenon is that their
molecule skeletons have been unbent although there is no change of
diameter of particle after irradiation. Comparing to current
considerably advanced cryogenic cooling method, the y-ray radiation
method is simple in technology, high in efficiency and low in cost,
so that it is more suitable for industrial production. It is testified that
the nanon particles prepared by the author have the core-shell
structure physically absorbing dispersing agent. The experimental
results of three nanon-level solid lubricants showed that adopted
dispersing agent to strengthen dispersion of particle in order to
decrease aggregating speed of particles, as well as raising
pulverizing speed by means of strengthening grinding, is necessary
for preparing nanon-level particles. This may be the requisite path to
obtain nanon-materials by mechanical method.
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In this research, we experimented in detail on the anti-friction
and anti-wear property and loading ability of the three nanon-meter
solid lubricants prepared and of graphite fluoride lubricant under the
condition of steel-steel point contact rubbing. Also the same
experiments were carried under the condition of copper-steel point
contact rubbing and on the condition of steel-steel and copper-steel
surface contact rubbing. And then comparing and compounding
experiments on these lubricants with other common additives were
performed. All the above experiments are carried out on a four-ball
test machine and the results were shown as following: all four
nanon-meter lubricants have the capacity of distinguished anti-
friction and good anti-wear properties, except the nanon-meter Mo$S,
under the condition of copper-steel friction. The load-carring ability
of nanon-meter graphite fluoride lubricant is higher than those of the
other three lubricants. However compounding of graphite fluoride
with other additive lead to colloid clots on the surface of lubricant
oil, which will affect the application of the lubricant, meanwhile
nanon-meter PFTE, MoS, and French chalk can compound well with
the additives above.

In this paper, the surface film after friction was analyzed by
mean of Anger Electron Spectroscope (AES) and it was found that
nanon-meter MoS, formed a deposit film and a chemical reacting
film, i.e. FeS or Cu,S etc., where FeS is beneficial to lubrication and
Cu,S is on the contrary, and that nanon-meter PTFE, French chalk
and graphite fluoride, whose anti-friction and anti-wear functions
mainly depend on layer structure, only formed physical deposit on
rubbing surface.

Vil
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From the above experimental results above the optimal formula
was chosen to make experiment on worm-and-gear frame test. It is
shown that nanon-meter PTFE is a little better than nanon-meter
French chalk because of its relative higher drive efficiency and
lower wearing capacity and that nanon-meter MoS, has intensive
wear with low drive efficiency. It has proved by AES analysis that
the increment of friction-wear is owe to the hard and fragile Cu,S
formed on friction surface of copper from MoS,. So we do not think
nanon-meter MoS, is suitable for being used as lubricating additive
for copper-steel friction gear such as worm gear. This conclusion is
contrary to that of existing reports. And although the property of
French chalk is a little inferior to that of PTFE, it is still an economic
- anti-friction, anti-wear and energy conserving additive with good
properties, especially for low-costing worm gear oil and grease.

Currently there are a few types of lubricating additives for
copper-steel friction, the research of nanon-meter PTFE and French
chalk with good chemical stability in this dissertation is bound to
provide some basically theoretical data for studying various stable
anti-friction, anti-wear and energy conserving lubricant products in
the future. Meanwhile it provides some new methods, concepts and
basic data for the manufacture and lubrication of nanon-materials in
tribology.

Key words nanon-meter solid tubricant. nanon balj-mill.

tribological characteristics. rubbing surface analysis,

lubricating oil. anti-triction and anti-wear additive.
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