
thin film of PTFE is formed on the extrudate surface in room 
temperature extrusion. The film is torn at places exposing the 
aluminum surface. The surface micrograph in Fig. 9 shows 
PTFE particles coalesced together giving rise to a continuous 
lubricant film. It also shows that the particles which were 
round before extrusion have been deformed and flattened. It 
is probably this flattening and the proximity of the particles 
that account for a good coverage of the metal surface. No 
significant film formation, flattening or orientation of 
particles was noticed for PVC in room temperature extrusion. 
PVC was, therefore, not able to cover the extrudate surface as 
well as PTFE did and thus resulted in higher extrusion and 
friction forces. In the case of extrusion at a higher tem
perature, the PTFE film formed was about the same in ap
pearance and thickness variation as in room temperature 
extrusion. Figure 10 shows the PTFE film formed on the 
extrudate surface during extrusion at high temperature. 
Examination at higher magnification reveals that the regions 
adjacent to the locations where the film is broken (denoted by 
circle A) have more than one layer of the polymer film on the 
extrudate surface which occurs due to folding of the broken 
film. In spite of this, the coverage of the metal surface with 
polymer film is thorough enough to prevent the possibility of 
any metal-to-metal contact. There was also a continuous PVC 
film formed in extrusion at high temperature (Fig. 11) in 
contrast to very little film formation in room temperature 
extrusion. The coverage of the extrudate surface with PVC 
film here appears to be thorough. The examination of the film 
at higher magnification (Fig. 12) revealed considerable 
flattening of the PVC particles. This led to the inference that 
the process of film formation occurs more easily at high 
temperatures. The mechanism of film formation seems to be 
flattening followed by packing of loose particles. The PVC 
film thickness, as estimated from the measurement of the gap 
between the arrows in Fig. 13, was found to be in the range of 
45 to 75 |tim. In a similar way, the PTFE film thickness was 
estimated to lie between 10 and 60 /xm for both the cold and 
hot extrusions. 

Conclusions 

PTFE and PVC powders in tetrahydronaphthalene 
suspension provide effective lubrication in the extrusion of 
aluminum both under ambient and high temperature con
ditions. PTFE is practically as good a lubricant as MoS2 in oil 
suspension. PVC has somewhat poorer lubricating properties 
and so results in a higher extrusion force and rougher ex
trudate surface finish. The lubricating properties of PCTFE, 

D I S C U S S I O N 

R. P. Steijn1 

Messrs. Suresh and Bahadur have presented a most in
teresting paper. Their well documented finding that PTFE in 
tetrahydronaphthalene (THN) is about as good as MoS2 in 
oil, is quite revealing and may prove to be potentially 
significant for use in metal-forming operations. Perhaps this 
is why the authors do say next to nothing about the con
centration of the polymers in the THN, whether it is thick 
with PTFE, or PVC, or very thinly dispersed but surely this 
discusser wonders how critical the polymer concentration was 
in their experiments. Also, strictly for reasons of comparison, 

'Sr. Research Associate, E. I du Pont de Nemours & Co., Engineering 
Technology Laboratory, Wilmington, Del. 19898. 

low density polyethylene and high density polyethylene are 
unacceptable. The effectiveness of lubrication depends upon 
the capability of the polymer in suspension to adhere to the 
metal surface and cover it uniformly. The polymer particles 
are flattened during the extrusion process giving rise to a thin 
polymer film which prevents adhesion between the sliding 
metal surfaces. The thickness of this film is in the range of 10-
75 fim. The finer the polymer powder particle size, the smaller 
is the force needed for extrusion. 
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did the authors ever try MoS2 in THN and, if not, have you 
any idea how this would compare to PTFE in THN? 

It is quite surprising that HDPE which, because of its 
smooth molecular profile, is known to form thin lubricating 
transfer films and has, therefore, unlike LDPE and PCTFE, a 
low coefficient of friction, was not found beneficial in these 
extrusion experiments. I like to think that a properly designed 
suspension of HDPE in THN would give similar results in 
room temperature extrusion as PTFE. 
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limited extent and found that the extrusion force was in
dependent of concentration as long as the mixture was in the 
form of a paste. When the mixture was too dilute, for 
example, THN-to-polymer volume ratio being greater than 5, 
the lubrication was very poor. In this work, however, equal 
parts by volume of the polymer and THN mixture were used. 

We did not try MoS2 in THN as a lubricant. Instead we 
compared the lubrication ability of PTFE in oil with MoS2 in 
oil and found that both were at par giving an average 
maximum extrusion force of 217 kN. Considering that this is 
the same as the force observed in extrusion with PTFE 

suspended in THN (which by itself is not a good lubricant 
whereas the oil is), the effectiveness of PTFE as a lubricant is 
evident. 

The coefficient of friction during extrusion with HDPE in 
THN as a lubricant was higher than with PTFE in THN 
possibly because the extrusion experiments were performed at 
very slow speeds. This behavior is identical to that observed in 
very slow speed sliding. However, at high sliding speeds the 
two materials have the same coefficient of friction. We may 
thus expect to observe the same behavior if high speed ex
trusion conditions are used. 
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