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(57) A process for the treatment of a 

its corrosion resistance wherein the 
surface is subjected to ion 
bombardment at a temperature above 
one hundred degrees centigrade in an 
evacuated enclosure which contains a 

surface of a ferrous article to improve residual quantity of gaseous oxygen. 
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SPECIFICATION 
Improvement ofthe corrosion resistance of 
ferrous metals 

The present invention relates to the 
5 improvement of the corrosion resistance of ferrous 

metals. 
As is well-known, ferrous metals corrode by the 

formation of oxides in the presence of aqueous 
liquids. A number of treatments are known by 

10 means of which a passive layer is formed on the 
surface of a ferrous article thereby cutting off the 
main body ofthe article from contact with its 
environment, and so preventing corrosion. 
However, these processes are chemical in nature 

15 and involve considerable changes in the nature of 
the surface of the steel. For example, the 
processes known by the names of parkerizing or 
bonderizing involve the formation of surface layers 
of iron phosphate, and that known as blueing 

20 involves heating the article in an atmosphere of 
steam. All the known treatments involve heating 
the article in a reactive environment which could 
well affect other regions ofthe article which it is 
desired should not be affected in any way. 

25 According to the present invention there is 
provided a process for the treatment of a surface 
of a ferrous article to improve its corrosion 
resistance wherein the surface is subjected to ion 
bombardment at a temperature above one 

30 hundred degrees centrigrade in an evacuated 
enclosure which contains a residual quantity of 
gaseous oxygen. 

Preferably the oxygen is in the form of pure gas 
at a pressure of the order of 10 - 6 torr, although it 

35 can be present in the form of air providing its 
partial pressure is of the same order of magnitude. 
The rate of formation ofthe passivating surface 
layer which is the cause ofthe improved corrosion 
resistance is temperature dependent, an optimum 

40 temperature range which gives a fabourable rate 
of growth without the risk of deterioration of the 
main body ofthe article is 200—250°C. Suitable 
ion species are nitrogen or carbon monoxide 
molecular ions. 

45 Another aspect of the invention is that the 
surface layers which are formed are coloured and 
can be used to give a decorative effect to the 
treated surface. 

The invention will now be described, by way of 
50 example, with reference to the accompanying 

drawing, which is a diagrammatic representation 
of an apparatus in which the invention can be 
carried out. 

Referring to the drawing, a steel article 1 is 
55 mounted on a worktable 2 in a vacuum chamber 3 

which can be exhausted by means of a 
conventional vacuum pumping system 4. In the 
upper region of the vacuum chamber 3 there is an 
inlet 5 by means of which a controlled amount of 

60 oxygen can be admitted via a valve 6. Positioned 
above the worktable 2 is an ion source 7. The 
worktable 2 is equipped with driving mechanisms, 
which are not illustrated, by means of which the 
article 1 can be so moved that the ion beam from 

65 the ion source is caused to scan the upper surface 
8 of the article 1. 

In a series of experiments, the ion source 7 was 
arranged to produce ions of nitrogen, accelerate 
them to an energy of between 50 and 150 keV 

70 and direct them at the article 1 at a dose rate of 
3 fiA per cm2 until a dose of 1 to 4 x 1017 ions per 
cm2 was implanted. The vacuum chamber 3 was 
first evacuated to a high vacuum, and then 
sufficient oxygen was admitted through the valve 

75 6 to raise the base pressure within the vacuum 
chamber to about 10 - 6 torr. During the ion 
bombardment the nitrogen source gas loading 
increased the chamber pressure to about 10~s 

torr. 
80 The same procedure was repeated with the ion 

source 7 arranged to produce a beam of molecular 
carbon monoxide ions. The process was repeated 
with specimens of different ferrous alloys, and at 
temperatures ranging from 100°C to 250°C. 

85 It was found that the thicknesses of the 
passivating layers which formed on the surfaces of 
the articles 1 were dependent upon the ion dose, 
and that the growth rate was dependent on the 
nature ofthe articles 1 and also upon their 

90 temperatures, being fastest for tool steel and 
stainless steel. Below about 150°C the growth 
rate was found to be slow, but at temperatures of 
between 200 and 250°C, the growth rate ofthe 
passivating layers was adequate for a production 

95 process, without there beign any danger of 
altering the state of most alloy steels. It was also 
found that under given conditions of dose rate and 
temperature, the layer thickness increased 
parabolically with the bombardment time, that is 

100 the thickness was proportional to the square root 
of the bombardment time. 

Analysis ofthe layers produced on EN58B 
stainless steel showed that the layers were formed 
almost entirely of very fine-grained Fe203 with 

105 some carbon, which probably arose from 
decomposition of hydrocarbon vapour in the 
vacuum chamber. 

Treated samples of various steels with surface 
layers some 500 A in thickness were exposed to 

110 the atmosphere or aerated water for periods of 
time up to a year without any corrosion occuring. 

CLAIMS 
1. A process for the treatment of a surface of a 

ferrous article to improve its corrosion resistance 
115 wherein the surface is subjected to ion 

bombardment at a temperature above one 
hundred degrees centrigrade in an evacuated 
enclosure which contains a residual quantity of 
gaseous oxygen. 

120 2. A process according to claim 1 wherein the 
pressure of the oxygen is of the order of 10~6 torr. 

3. A process according to claim 1 or claim 2 
wherein other gases are present with the oxygen. 

4. A process according to any of claims 1 to 3 
125 wherein the temperature to which the article is 

heated is in the range 200—250°C. 
5. A process according to any proceeding claim 

wherein the ion species are nitrogen or carbon 
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monoxide molecular ions. 
6. A process according to any proceeding claim 

wherein the ions are.accelerated until they have 
an energy of between 50 and 150 keV. 

5 7. A process according to any preceeding claim 
wherein a total dose of between 1 and 4 x 10" 
ions are implanted per sq cm of the surface of the 
article. 
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