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platinum particle Pt to reach a maximum that exceeds 16x104 atoms.cm-2 

at a depth substantially corresponding to 500 Ångströms, i.e. approximately 

5% of the radius R of the platinum particle Pt. Then, the number of N+ 

nitrogen ions decreases and approaches zero at a depth of about 1,000 

Ångströms from the outer surface of the platinum particle Pt, i.e. about 10% 5 

of the radius R of said platinum particle Pt.  

 By comparing Fig. 4A and 5A, the N+ nitrogen ions can be seen to 

penetrate the crystallographic lattice of the platinum particle Pt to a lesser 

degree than the C+ carbon ions. 

 Fig. 5B is an expanded view in the plane of a substantially spherical 10 

platinum particle Pt, the radius thereof being approximately 1 micrometre 

and which shows the average free trajectory of the individual N+, N++ 

nitrogen ions, etc. when they penetrate a platinum particle Pt. This Fig. 5B 

was drawn up for a density of about 16x104 atoms.cm-2. The abscissa in 

Fig. 5B shows the depth of the platinum particle Pt between the surface (0 15 

Ångströms) and 2,000 Ångströms. The ordinate in Fig. 5B shows the 

diameter of the N+ nitrogen ion beam. The centre of the N+ ion beam is 

located midway along the height of the ordinate, between the values -1,000 

Ångströms and +1,000 Ångströms. It can thus be seen in Fig. 5B that the 

approximate diameter of the N+ ion beam is about 150 nanometres and that 20 

the penetration depth of the N+ ions in the platinum particle Pt is slightly 

less than 100 nanometres. It is thus clear that the N+ ions penetrate the 

platinum particles to a lesser degree than the C+ ions. 







 - 14 -  

 

 

+1,000 Ångströms. It can thus be seen in Fig. 7B that the approximate 

diameter of the N+ nitrogen ion beam is about 150 nanometres and that the 

penetration depth of the N+ ions in the gold particle Au is about 100 

nanometres. It is thus clear that the N+ nitrogen ions penetrate the gold 

particles Au to a lesser degree than the C+ ions. 5 

 It is evident that this invention is not limited to the embodiment 

described above and that various simple alternatives and modifications can 

be considered by one of ordinary skill in the art without leaving the scope of 

the invention as defined by the accompanying claims. In particular, it is 

understood that the ion implantation process of the ECR electron cyclotron 10 

resonance type is stipulated in the form of a preferred example but in no 

way limiting the scope of the invention, and that other hot plasma generation 

processes, for example by induction or using a strong magnetic field 

produced by a microwave generator can be considered. It should also be 

noted that additional measurements performed by transmission electron 15 

microscopy on sapphire particles with an average diameter of 2.0 

micrometres implanted by nitrogen confirm that the sapphire particles, after 

ion implantation, have a ceramic shell with a thickness of about 150 to 200 

nanometres. It should also be noted that the ratio between the volume of the 

particles that is irradiated and the total volume of the particles is equal to 20 

about 14%. From the perspective of the Applicant, the powder obtained by 

the ion implantation method according to the invention is not a real 

composite material. More specifically, with regard to the widely-accepted 

meaning thereof, a composite material is the result of the combination of 

two different materials, namely a matrix and a reinforcement. In this case, 25 

the description only concerns a single material in which ion bombardment 

results in a modification to the chemical structure at the surface. This could 

therefore preferably be referred to as a heterogeneous material. Finally, it 

should be noted that, according to the invention, the ECR ion source is 
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CLAIMS 

 

  1. Method for the surface treatment of a metal material in the 

powder state, said method comprising the step of obtaining a powder (30) 

formed from a plurality of particles of the metal material to be treated, and of 5 

subjecting said metal powder particles (30) to an ion implantation process by 

directing a beam (14) of singly-charged or multi-charged ion towards an outer 

surface of said particles, said ion beam being produced by a source of singly-

charged or multi-charged ions, wherein said particles have an overall 

spherical shape with a radius (R), characterised in that the metal material is 10 

a precious metal selected from the group comprising gold and platinum, or in 

that the metal material is a non-precious metal selected from the group 

comprising magnesium, titanium and aluminium, and in that the material to 

be ionised is chosen from the group comprising carbon, nitrogen, oxygen and 

argon. 15 

  2. Method according to claim 1, characterised in that the particles 

of the metal powder (30) are agitated throughout the duration of the ion 

implantation process. 

  3. Method according to claim 1, characterised in that the grain size 

of the particles of the metal powder (30) used is such that 50% of all of said 20 

particles have a diameter that lies in the range 1 to 2 micrometres, whereby 

the average diameter of the particles of the metal powder (30) does not 

exceed 50 micrometres. 

  4. Method according to claim 2, characterised in that the grain size 

of the particles of the metal powder (30) used is such that 50% of all of said 25 

particles have a diameter that lies in the range 1 to 2 micrometres, whereby 

the average diameter of the particles of the metal powder (30) does not 

exceed 50 micrometres. 
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 5. Method according to any of claims 1 to 4, characterised in that 

the ion implantation process is of the ECR electron cyclotron resonance type. 

 6. Method according to claim 5, characterised in that the singly-

charged or multi-charged ions are accelerated under a voltage in the range 

15,000 to 35,000 volts. 5 

 7. Method according to claim 6, characterised in that the dose of 

ions implanted lies in the range 1.10
15 to 1.10

17 
ions.cm-2. 

 8. Method according to claim 6, characterised in that the ions 

penetrate the particles forming the metal material powder up to a depth 

corresponding to 10% of the radius (R) of said particles. 10 

 9. Method according to claim 7, characterised in that the ions 

penetrate the particles forming the metal material powder up to a depth 

corresponding to 10% of the radius (R) of said particles. 

 10. Material in the powder state formed from a plurality of particles 

having a ceramic outer layer (26) and a metal core (24), said particles having 15 

an overall spherical shape with a radius (R), the ceramic outer layer (26) 

corresponding to a carbide or a nitride of the metal of which the core (24) of 

said particles is made, i.e. a combination of carbon or nitrogen ions with 

atoms of said metal, the concentration of ceramic material increasing from 

the outer surface (26) to a given depth beyond which the concentration of 20 

ceramic material decreases and becomes zero. 

 11. Material according to claim 10, characterised in that 50% of the 

particles have a diameter that lies in the range 1 to 2 micrometres, whereby 

the diameter of the particles does not exceed 50 micrometres. 

 12. Material according to any of claims 10 or 11, characterised in that 25 

the metal material of which the particles of the metal powder (30) are made 

is a precious metal selected from the group comprising gold and platinum. 
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 13. Material according to any of claims 10 or 11, characterised in that 

the metal material of which the particles of the metal powder (30) are made 

is a non-precious metal selected from the group comprising magnesium, 

titanium and aluminium. 

 14. Material according to claim 10, characterized in that the 5 

concentration of ceramic material increases from the outer surface to 5% of 

the length of the radius (R) of the particles, then decreases to 10% of the 

length of the radius (R) of the particles, and it is zero in the section beyond 

10% of the length of the radius (R) of the particles. 

 15. Material according to claim 11, characterized in that the 10 

concentration of ceramic material increases from the outer surface to 5% of 

the length of the radius (R) of the particles, then decreases to 10% of the 

length of the radius (R) of the particles, and it is zero in the section beyond 

10% of the length of the radius (R) of the particles. 

 16. Material according to claim 12, characterized in that the 15 

concentration of ceramic material increases from the outer surface to 5% of 

the length of the radius (R) of the particles, then decreases to 10% of the 

length of the radius (R) of the particles, and it is zero in the section beyond 

10% of the length of the radius (R) of the particles. 

 17. Material according to claim 13, characterized in that the 20 

concentration of ceramic material increases from the outer surface to 5% of 

the length of the radius (R) of the particles, then decreases to 10% of the 

length of the radius (R) of the particles, and it is zero in the section beyond 

10% of the length of the radius (R) of the particles. 


