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ION PLATED THIN METALLIC FILM LUBRICANTS 
FOR ROCKETS AND SPACE VEHICLES 

** 
F. SALEM 	and M. EL-SHERBINY 

ABSTRACT 

This paper presents experimental results on the frictional 
behaviour of ion plated soft metallic films. 

The conventional ion plating process is used to deposit low 
melting point materials such as silver, lead, indium, and tin. 
Tribotesting of the coatings is made both in ultrahigh vacuum 
and in normal atmosphere on a pin-disc machine. 

The results indicate that an intermetallic composition of 60% 
pb, 25% In, 10% Sn and 5% Ag is the best for its low friction 
and long life. 

INTRODUCTION 

The tendency in recent years to subject sliding surfaces to 
an ever increasing range of thermal, mechanical and environ-
mental stresses has inevitably posed new problems in friction 
and wear. Conventional mineral oils are unable to lubricate 
effectively at temperatures in excess of 150 'C[1]. On the 
other hand there are many applications which require solid 
lubricants which can withstand particular operating conditions 
and environmental. Falling into this category are the bear-
ings and seals of rockets and space vehicles [2-4]. In such 
cases the lubricants are supposed to operate for short periods 
of time in radiation environment, in liquid hydrogen or in 
ultrahigh vacuum [5,6]. A material selected for radiation 
application should not become excessively radioactive. There-
fore soft metals are the most logical condidates [7]. 

The duration of an operating cycle for a rocket vehicle's bear-
ing is relatively short, and the total operating life is 
measured in minutes. In such cases an effective solid lubri-
cant of relatively short life is acceptable, providing that it 
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has the necessary radiation resistance. 

The common metallic components of plain bearing shells (e.g. 
lead, tin, silver and indium) have good lubrication properties; 
in particular a low shear strength and transfer-film forming 
tendency. They also enjoy a good radiation resistance, which 
makes them the most acceptable lubricants for such applications. 

The ultimate solution, therefore, assumes a structural material 
of high strength to weight ratio for the bearing covered with 
a soft metallic film for the lubrication purposes. 

When a coating is applied to a surface, the application method 
determines the bonding characteristics and adherence. These 
are reflected on the effectiveness and usefulness of the coat-
ing during its functional life. Ion plating [8-10] is a phy-
sical vapour deposition process for which outstanding adhesion 
was frequently claimed. 

It is therefore the objective of this paper to examine the 
effectiveness of various soft metallic coatings for space 
lubrication. 

EXPERIMENTAL 

Film Deposition. 

A conventional, ion plating unit IPAC-30 was used for deposit-
ing soft metallic films of Pb, In, Sn, and Ag as well as 
intermetallic compounds of these elements. Fig.1 shows a 
schematic drawing for the deposition set up. The usual depo-
sition procedure is to pump the chamber down to a vacuum of 

10-6 torr, before admiting an inert gas (Argon) to a pressure 
of 10-25 pm Hg. A high tension power supply of up to 6 Kv is 
connected to the substrate (cathode) to provide the supporting 
gas plasma. The Argon plasma is maintained for 20 minutes to 
sputter clean the substrate. As the heating filaments 
(Molybdenum boats) are switched on the metal vapour of the 
film material is enjected into the plasma, partially ionized 
and accelerated towards the substrate. Consequently a thin 
adherent film of the depositing neutrals is thereby formed. 

The use of multi-heating element permits the simultaneous eva-
poration and deposition of intermetallic compounds with good 
control on the deposit composition. 

Tribotesting. 

A conventional pin-disc machine was used for testing the films 
in normal atmosphere. A 6mm diameter spheres of EN-31 steels 
were coated and used as spherical ends for the pin of the 
machine. The mating surface however is EN-31 steel disc of 
10 cm outside diameter, hardened to the same hardness of the 
balls (900 VHN). The load is applied by dead weights within 
the range 0.5-4.0 kg, while the motor speed is maintained at 
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Fig.1 Schematic layout of the ion plating set up 

a preselected value within the range 10-10000 rpm. 

Tests made in high vacuum, however, utilized a smaller rider 
of 3.2 mm diameter, made of steel EN-31 balls. The specimen 
chamber containing the disc and.the rider was continuously 
pumped down to 10-7  torr. In these tests the speed was kept 
constant at 10 r.p.m. 

L. 
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Specimen Preparation: 

The friction discs were finely ground to 0.13 pm along the 
machining marks and 0.18 across the machining marks. Test 
spheres of 0.1 pm average surface roughness were ion plated 
with soft metallic films having thicknesses within the range 
0.1-8 pm. The film materials were commercially pure (99.5%) 
metals. The coated test spheres were ultrasonically cleaned 
and dried in air before testing. 

RESULTS AND DISCUSSION 

Single Metal Films 

Figure 2 shows the transition from low to high friction of ion 
plated lead, indium, tin and silver, in normal atmosphere. At 
the start of the run the order of the friction coefficient is 
related to the shear strength of the four metals. During the 
run the appearance of the film changed for each material. The 
indium changed from shiny metallic to a greyish colour,whilst 
the lead changed to lustrous black. Both tin and silver films 
were tarnished by friction testing. X-ray analysis showed that 
the lead film suffered some oxidation by frictional heating in 
normal atmosphere and therefore it ultimately consisted of 
some combination of lead and lead oxide PbO. The longer life 
of the lead film was therefore related to the lubrication pro-
perties of this oxide [11]. 

In high vacuum however no oxide film was detected in either 
case. The film colour however was tarnished by beded in wear 
debries from the steel substrates. Fig.3 shows the film life 
in high vacuum. It clearly demonstrate a longer life for each 
film as compared with the normal atmosphere results. This wa,E; 
attributed to transfer-back-transfere wear mechanism. 

Effect Of Normal Load: 

Bowden and Tabor among others [12-15] reported that the fric-
tion of thin soft metallic films is load dependent. An elas-
tic analysis of the Hertzian contact of thin films showed that 
the relation between the load and the area of contact is 
markedly non-linear [16]. This suggests that Amonton's law 
will not be obeyed and this is strikingly demonstrated in both 
test results shown in figs.4 and 5 for normal atmosphere and 
high vacuum environments respectively. 

The effect of load on film life for each of the four metallic: 
films is shown in figs. 6 and 7. In each case of the normal 
atmosphere tests (fig.6), the film life is essentially inver-
sely proportional to the load, although more scatter of the 
results is obtained at the higher loads. X-ray diffraction 
studies of the wear debries showed that at higher loads a 
greater amount of substrate material was present. At such 
loads it may be speculated that hard substrate particles re-
sulted in abrasive wear in addition to the microcutting wear. 
[7]. In high vacuum however the scatter tends to be at low 

Lioads,,. This can be attributed to the transfer-back-transfer j 
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mechanism which is expected to work effectively at low loads 
increasing the film life. 

Effect Of Sliding Velocity: 

The coefficient of friction was measured after the tenth revo-
lution of the disc for a range of sliding velocities. The re-
sults presented in Fig.8 shows a maximum reduction of 20% in 
the coefficient of friction corresponds to an increase in sli-
ding speed of more than an order of magnitude. In high vacuum 
however the velocity was constant and therefore no data is 

,available in this particular respect. The reduction in fric-
tion can be reasoned by film softening by frictional heating. 
This thermal softening results in lower shear stresses without 
•significant reduction in load carrying capacity. 

The film life was seen to be more dependent on velocity than 
the coefficient of friction (Fig.9). For a given a film thick-
ness the life of the film is interpreted approximately as the 
length of sliding to produce a given wear volume of films of 
the same initial thickness. These results are shown in Fig.10. 
It demonstrates that the generally accepted law that the wear 
volume is a linear function of the sliding distance is not 
universally true at different velocities of the multilayer 
sliding contacts. 

The effect of increasing sliding speed is to produce higher 
contact temperatures and consequently higher degree of thermal 
softening. This would explain the behaviour of indium and 
tin films. On this basis the behaviour of lead is very sur-
prising. This apparent discrepancy, which was also noted in 
the film life results (fig.2) is thought to be due to the pre-
sence of higher concentration of PbO, which is a very effec-
tive lubricant. 

Effect Of Film Thickness. 

The values of the initial coefficient of friction at different 
film thicknesses are shown in Fig.11. A theoretical modal haS 
been recently proposed [18] to explain such behaviour. An 
equally important model for the wear rates as a function of 
film thickness [19] has also been considered. 

Intermetallic Compounds. 

Increasing attention has recently been paid to the self-lubri-
cating effect of alloying several soft metals [20] for micro-
mechanical and space applications. The combinations that re-
sults from consistant variations in the percentage of the 
present four metals are enormous. The low friction , high 
radiation resistance and long life of the load films however 
suggest using a lead based alloy. The low friction of indium 
also encourage a good percentage of indium in such alloy. 
The next candidate however would be tin for its stable beha-
viour. With silver being relatively harder and corrosion re-
sistant it may be wise to limit its fractional volume. Two 
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alloys were therefore made with the following compositions (a)1  
60% Pb, 25% In, 10% Sn and 5% Ag (b) 60% Pb, 25%Sn, 10% In and 
5% Ag. These were deposited by evaporation from two separate 
boats, the first containing lead and the second containing an 
alloy with the remaining required elements. The weight per-
centage was initially adjusted from the amount of metals to be 
evaporated. Figs. 12 and 13 show the coefficient of friction 
for the two alloys. These results indicate that the former 
alloy is superior to the second. Further work is still requi-
red to study some other possible combinations and to identify 
the developed phases. Fig.14 shows a comparison between the 
_developed wear scars in each case.. It is interesting to note 
that the former alloy remained effectively over the entire 
area of the scar as compared with the latter which has been 
almost. removed. 

CONCLUSION 

With ion plated lead films the production of lead oxide(Pb0) 
which subsequently acts as a lubricant together with its high 
radiation resistance make this material particularly attrac-
tive for space applications. Indium and tin are also attrac-
tive for their initially low friction, and transfer-film for-
ming tendency but these do not last long in oxidizing environ-
ments. Silver shows consistant behaviour irrespective of the 
operating conditions as a result of its relatively high hard-
ness and oxidation resistance. 

An alloy of 60% lead, 25% indium, 10% Tin and 5% silver showed 
some promising characteristics of lubrication in space envi-
ronment. 
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