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(71) We, UNITED KINGDOM 
ATOMIC ENERGY AUTHORITY, Lon-
don, a British Authority, do hereby declare 
the invention, for which we pray that a patent 

5 may be granted to us, and the method by 
which it is to be performed, to be particularly 
described in and by the following statement:— 

The present invention relates to the surface 
treatment of metals to reduce their coefficients 

10 of friction. 
It is known that the coefficient of friction 

of metals can be reduced by the deposition 
upon the surfaces of layers of certain mat-
erials, for example, the frictional properties 

15 of steel under dry conditions can be improved 
by the deposition of molybdenum, 
molybdenum disulphide, or graphite upon the 
steel. For the purposes of this specification 
materials which act to reduce the coefficient 

20 of friction of a body under dry conditions will 
be referred to as "dry lubricants". However, 
using conventional deposition techniques, the 
deposited layers are distinct from the steel and 
tend to spall from the steel under conditions 

25 of severe stress. Furthermore iaterfacial cor-
rosion can arise resulting both in breakdown 
of the deposited layer and deterioration of 
the underlying surface. Another problem when 
the layers are deposited by techniques such as 

30 flame or plasma spraying is that dimensional 
changes occur in the coated article which then 
requires further machining, and can even be 
rendered useless. 

According to the present invention there is 
35 provided a method of surface treating metals 

to reduce their coefficients of friction in which 
a surface region of a metal article which is to 
be treated to reduce its coefficient of friction 
is subjected to bombardment by a beam of ions 

40 of a material or materials such as to form a dry 
lubricant material, as hereindefined, or mat-
erials which form a dry lubricant the ions 
having an energy sufficient to cause them to 
be implanted into the said surface region, 

45 In order to assist the assimilation of the 
ions into the lattice structure of the metal, the 

metal may be heated. The thermal energy 
required may be derived from the kinetic 
energy of the ions themselves or the metal 
article may be heated. Suitable temperatures 50 
are in the region of up to 500°C for the more 
refractory steels; for metals with lower melt-
ing points the temperatures may be decreased 
accordingly. The implantation may be further 
facilitated by means of radiation enhanced 55 
diffusion. 

Radiation enhanced diffusion is a 
phenomenon which is found to occur when 
a body having a surface coating is subjected 
to bombardment by an energetic radiation. 60 
The material of the surface coating is found 
to diffuse into the body at a rate greatly in 
excess of that to be expected on thermo-
dynamic grounds. 

Suitable ions are Mo+ , Sn"1", In+ and Mo+ 65 
+ 2S+. 

Ions of more than one species can be im-
planted, and if necessary caused to react to 
provide the dry lubricant. For example Mo+ 

and S + ions can be implanted in the proper- 70 
turns of 1:2 followed by thermal annealing. 
In the case of steel, an appropriate annealing 
temperature is 400° C. During the annealing 
stage the mobile sulphur atoms migrate 
through the substrate material to combine with 75 
the less mobile molybdenum atoms. The 
migration is facilitated by the elastic strain 
fields which are set up by the implantation 
process. These fields cause an effective attrac-
tive interaction between the implanted 80 
atoms. 

Using the technique of the present inven-
tion, instead of the dry lubricant being present 
in tiie form of a discrete layer having an 
interface between it and the metal article, 85 
the dry lubricant is included in the lattice 
of the metal and there is no definite interface 
with its attendant problems of spalling and 
corrosion. Furthermore, the temperatures to 
which the metal articles may be heated are 90 
insufficient to cause thermal distortion of the 
article sufficient to need rectifying treatments. 
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Examples of the invention will now be des-

cribed. 
Example 1. 

M o ' ions were implanted into an area of 
5 polished steel of the type known as EN352, 

using a 500 Kv Cockcroft Walton accelerator, 
at an energy of about 400 Kv. The implanta-
tion was continued until a dose of some 2.8 X 
1016 ions cm - 2 had been implanted. The 

10 specimen temperature rose to some 200° C dur-
ing the implantation of the ions. 

Example 2. 
Sn+ ions were implanted in another speci-

men of EN352 steel under the same conditions 
15 as for Example 1. 

Example 3. 
S + ions were implanted into an area of 

polished steel of the type known as EN352, 
using a 500 Kv Cockcroft Walton accelerator, 

at an energy of about 400 Kv. The implanta- 20 
tion was continued until a dose of some 6.1 X 
1016 ions cm - 2 had been implanted. The speci-
men temperature rose to some 200°C during 
the implantation of the ions. 

Example 4. 25 
Mo+ ions were implanted under the same 

conditions as for Example 1, but this was 
then followed by the implantation of S + ions 
at 150 Kv until a dose of some 5.6 X 10l« 
ions had been implanted. The implanted sped- 30 
men was then annealed at 400°C. 

The effects of the implantation of the ions 
were determined by means of an apparatus in 
which a tungsten carbide ball of 4 mm dia-
meter was caused to pass over implanted and 35 
unimplanted regions of the specimens while 
under a load of 2 kg and the frictional forces 
acting on the ball were measured. The results 
are summarised in the following table: 

Ion 
D o s e 

ions cm"2 
C o e f f i c i e n t of 

frict ion (unimplanted) 
Coef f i c i ent of 

friction (implanted) 

Sn + 2 .8 x 1 0 " 0 . 2 4 0 .09 

Mo+ 2 .8 x 1016 0 . 2 4 0 .24 

S + 6 .1 x 101 0 0 .20 0.19 

Mo+ + 

2 S + 

2.8 x 1016 •} 

5.6 x i o 1 6 J 0 .26 0 .20 

By comparison, a 2 mm ball when loaded 
to about 3 kg and tracked across a specimen 
of EN352 steel implanted with Mo+ ions at 
a do.se of 3.6 X 1016, the frictional force 

45 generated between the ball and the steel was 
found to be decreased by a factor of about 
2 in the implanted areas. 

The above measurements were made in air. 
In two further examples, In"1" and Ag+ ions 

50 were used, again at a dose of 2.8 X 101' ions 
cm -2. In these cases the changes in the co-
efficient of friction as measured in air were 
erratic, but when the changes in the coefficient 
of friction were measured under lubricated 

55 conditions a consistent decrease of about 6% 
in the value of ,« was found in the implanted 
regions. 

WHAT WE CLAIM IS:— 

1. A method of surface treating metals to 
60 reduce their coefficients of friction in which 

a surface region of a metal article which is to 
be treated to reduce its coefficient of friction 
is subjected to bombardment by a beam of 
ions of a dry lubricant material, as herein-

defined, or materials which form a dry Iubri- 65 
cant, the ions having an energy sufficient to 
cause them to be implanted into the said sur-
face region. 

2. A method according to claim 1, including 
the operation of heating the metal article to 70 
facilitate the assimilation of the ions. 

3. A method according to claim 1 or 
claim 2, including the operation of irradiating 
the article with radiation of an energy sufficient 
to enhance the diffusion of the ions into the 75 
article. 

4. A method according to any of claims 1 
to 3, wherein the ions are Mo+, In+ or Sn+. 

5. A method according to any of claims 1 to 
3, wherein ions of more than one species are 80 
implanted into the article. 

6. A method according to claim 5, wherein 
the articles are steel, the ions are Mo+ and S + 

deposited in a ratio of 1:2 respectively. 
7. A method of surface treating metal 85 

articles to improve their frictional properties 
substantially as herein described. 

8. A metal article having a surface region 
treated by a method according to any of the 
preceding claims. 90 
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