
Established in 2011, Nanografi Nanotechnology
has been exporting its wide range products such
as Nanoparticles, Microparticles, Nano-Micro
Powders, Carbon Nanotubes, Graphene, Fullerene,
Anti-Friction Coatings and many others.

Production of Carbon Nanotubes with different
specifications in multiple ways
Nanoparticle production according to size
demands
Production of advanced technology materials
Nanocomposite production with the usage of
Carbon Nanotubes and other Nanoparticles
Providing plastic raw materials with Carbon
Nanotube additive
Production of transparent and conductive
NanoInk for electricity applications
Development of special devices and
equipments according to customer demands

Areas of activity for Nanografi are listed below;

Our mission as Nanografi is to develop and
produce advanced technology materials which are
usually used by Aerospace, Defence, Chemical,
Automotive industries for R&D research as well as
universities, institutes and research centers.

Thanks to our collaborations with defense industry
companies, we are able to develop advanced
materials for coatings which include Graphene
coatings with CVD, special nanotechnological
material developments with ultrasonic coating
methods and coatings for anti-corrosion and
impacts.
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Dry coating is a powerful tool to obtain
desirable coating solutions. Tungsten
disulfide, molybdenum disulfide,
graphite, and PTFE are commonly
combined with dry coating methods to
achieve durable and self-lubricating
coatings.

Being a novel approach, the dry coating
offers a wide variety of advantages
thanks to the advanced technologies
behind it. In comparison to the wet
coating techniques, one of the most
important advantages of dry coating is
the reduced emission of volatile organic
compounds (VOCs) which are harmful
pollutants affecting the environment
and human health.
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ear is one of the toughest problems
for engineers and manufacturers
around the globe due to friction.
Friction and wear are two main
factors leading to energy loss and
failure in all types of mechanical
systems. This energy loss can be
calculated for any case by use of
statistics and mathematical
estimations. Cars, for example,
highly suffer from friction loses.
In passenger cars, one-third of the
fuel energy is used to overcome
friction in the engine,
transmission, tires and brakes (see
fig 1). According to these data,
less friction loss enables
improvements on engine power
and on fuel efficiency. Moreover,
reduction of wear gives better
results in life cycle balance and
decreases maintenance costs.

In order to make a solution to the
friction and wear problems, As
Nanografi Nanotechnology, we
have designed our dry-lubricant
formulas: MOL-C dry-lubricant
series. The formulas are based on
the solid lubrication nature of the
Molybdenum disulfide (MoS2)
and Politetrafloroetilen (PTFE).
MoS2 and PTFE have crystal
lattice structure which consist of
layers. Strong and weak bonds are
present inside and between the
layers, respectively. Applied shear
force can easily break weak bonds
so that laminas can slip with ease.
This slip process causes a decrease
in the friction and wear between
the parts, which is the main
motivation of the project. 

Although graphene is a promising
candidate for solid-state lubrication
thanks to its low coefficient of
friction, its friction and wear
reduction feature only occur under
low contact pressures. In order to
increase the adhesion between
graphene and contact surfaces, zinc
oxide can be added to the dry
lubricant. Zinc compounds improve
metallic adhesion, corrosion
resistance and anti-wear feature of
the lubricants. Thus, the composite
consisting of graphene, zinc oxide,
and polyvinylidene difluoride
binder is studied as a solid
lubricant.
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Fig. 1. Distribution of the energy consumption of passenger cars. (Analyzed by Holmberg et al.)

In order to minimize energy losses,
conventional methods utilize liquid
lubricants which also contain
nanoparticles to improve the
performance further. However,
liquid lubricants cannot be used at
low pressure or high temperatures
because of fire and volatilization
risks. In that case, dry solid-state
lubricants are good alternatives. 
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Zinc acetate, when heated in a
continuous air stream, is oxidized
to zinc(II) oxide. This product is
homogenized with graphene and
polyvinylidene fluoride (PVDF)
binder using N-Methyl-2-
pyrrolidone solvent by ultrasonic
homogenization. The resulting
mixture is laminated and dried to
produce the solid lubricant film
(see fig. 2). 

Characterization:
In material characterization, four
main techniques (XRD, SEM,
TGA, Raman Spectroscopy) are
performed.  The tests suggest that
the produced composite film is a
physical mixture of its precursors,
with no chemical or
crystallographic modification
resulting from the preparation
process. Moreover, tribological
testing is also carried out so that
the composite performance can be
measured. 

Effect of composite on friction:
The tribological performance of the
composite is much better than the
performance of unlubricated case.
Under normal load of 10 N (Hertz
contact pressure 0.89 GPa) to
sliding distance of 145m, the
composite demonstrates approx.
90% friction reduction relative to
unlubricated contact (see fig. 3).
Furthermore, in unlubricated case,
coefficient of friction dramatically
increases from 0.20 to 0.90 after 30
m. Generation of wear particles at
the sliding surfaces causes this
behavior. On the other hand, in
graphene-lubricated sliding, the
coefficient of friction steadily
decreases to stability at 0.08 with
stable and steady behavior during
the entire tribo-test.

Effect of composition on friction:
When 3 different coating
compositions are investigated, the
tertiary composite has the lowest
coefficient of friction (see fig. 4).
The graphene-PVDF composite has
greater coefficient of friction than
that of graphene alone, which can
be due to the additional friction
from the rough polymer.

Effect of composition on wear
scar formation and surface
roughening:
After testing with a 10 N normal
load to sliding distance of 145 m, it
is observed that the composite
decreases both wear scar formation
and surface roughening. The
roughness and wear scar diameters
of different compositions are
tabulated in table 1. Also, optical
micrographs and 3D surface
reconstructions suggest that the
composite coating prevents
formation of an appreciable wear
scar, generally preserving the
specimen surface (see fig. 5). 
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Preparation of composite coating:

Fig. 2. Synthesis of zinc oxide (9.5%-wt),
graphene (85.5%-wt), and binder (5%-wt)

composite film. 

Fig. 3. Friction reduction from composite
coating (under 10 N normal load). 

Fig. 4. Effect of film composition on friction
reduction (under 10 N normal load).
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Table 1. Wear scar diameter and roughness dependence on composition

Fig. 5. Optical micrographs and 3D surface reconstruction of composition-dependent wear scars. (a, e) Unlubricated. (b, f) Lubricated with
only graphene. (c, g) Lubricated with graphene and PVDF.  (d, h) The composite coating.

Conclusion
The tertiary composite has
excellent performance under high
contact pressure as a dry-lubricant.
It shows substantial friction and
wear reduction (approx. 90%)
compared to unlubricated sliding.
Tribology test results show that the
composite film retains friction
reduction more than 300 m with
stability. Importance of zinc oxide
on friction reduction and wear scar
preventing or smoothing is proven
by further test carried out under
constant load and different sliding
distances. 

Characterization of the composite
demonstrates that there is no
chemical or crystallographic
modification resulting from the
preparation process i.e. is a
physical mixture of its precursors.
The composite is s perfect
candidate as a solid lubricant due
to its durability and resilience
performance.
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