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mixture are responsible for the final rheological behavior, 
i.e. the viscosity of the product that is the fluid resistance 
to deformation at a given shear rate.
The lubricant rheology behavior is of fundamental 
importance during Mixing step (to ensure the homogeneity 
of the mixture and the floating of the graphite particles), 
Spraying step (to ensure adequate atomization of the 
lubricating fluid) and Adhesion/Drying step (to ensure 
uniform coverage of the mandrel surface and adequate 
adhesion of the graphite layer on the mandrel surface). 
Basically, the lubricant must behave like a paint [4].
Spraying is the process through which the graphite 
is applied to the surface of a hot mandrel. A spray is a 
collection of droplets resulting by an atomization process 
which are moving in a controlled way [5]. A droplet is a 
small particle of liquid characterized by spherical shape 
due to the surface tension of the liquid itself. Achieving 
the desired level of atomization requires maintaining a 
balance of the fluid viscosity, surface tension and flow rate 
on one side with atomization energy on the other.
Once the droplets of lubricant approach the surface to be 
lubricated, they must adhere properly and dry rapidly to 
form a uniform layer of graphite. For a solid lubricant, in 
order to provide an effective lubrication, it is essential that 
the adhesion layer have a greater binding strength than 
the shear strength of the lubricant itself [6]. Under a stable 
lubricant layer, friction coefficient stays flat and does 

not break during hot deformation process. Therefore, 
it is essential to define the proper spray configuration 
and surface temperature in such a way as to ensure the 
formation of a well-adhering and dry lubricating layer.
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By means of this device, the drying time is assessed in real 
time by detecting the change in weight of the lubricated 
hot surface, placed on the precision scale.
On the other hand, the graphite flowrate distribution with 
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Fig.4 - Graphite flowrate distribution at different pressure.

Fig.5 - New (left) and worn (right) nozzle orifice.

RESULTS AND DISCUSSION
Lubricant rheology
Dynamic viscosity for the products characterized was 
ranging in 400 ÷ 2000 cPs at SR 13 s-1, 40 ÷ 140 cPs at SR 
1200 s-1 and 2 ÷ 20 s for its recovery from high SR to low 
SR. 

Impact of the spraying pressure 
For brand new nozzles under characterization, graphite 
flowrate distribution was at first evaluated: a “bell-shape” 
type is maintained in the investigated range (typical of the 
industrial field), see Fig.4. Total flowrate increases clearly 
with the working pressure.
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