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57 ABSTRACT 
A process for increasing the stability of a protective chromium 
layer on metal used in a nitrogen-containing atmosphere at 
high temperatures, the chromium layer being coated with a 
layer of a metal having less affinity than chromium such as 
unalloyed iron, nickel or cobalt, and in which the chromium is 
soluble, the whole then being diffusion annealed in a neutral 
atmosphere at a temperature above 1,000 C. until the 
thickness of the chromium-alloyed portion of the metal coat 
ing is at least 0.01 mm. 

6 Claims, NoDrawings 

  



3,642,517 1. 
PROCESS FOR INCREASING THE STABILITY OF 
PROTECTIVE CHROMUMLAYERSON METAL 

This invention relates to a process for increasing the stabili 
ty of protective chromium layers on metals used in a nitrogen 
containing atmosphere at high temperatures. 
Known protective layers on heat-resistant steels and alloys 

can be used at temperatures above 600° C. The purpose of 
these protective layers is to delay the corrosion of the sub 
strate by e.g., sulphur or oil ash. 

Protective layers may be divided into three classes. The first 
class comprises corrosion-resistant alloys or metal, e.g., pure 
chromium, which are applied in layers to the substrate and 
firmly attached to the substrate by diffusion annealing. The 
second class includes protective layers formed by enriching 
the surface of the protected substrate by corrosion-resistant 
metals such as chromium and/or aluminum. Finally, alloys can 
be manufactured for use as protective layers or plating. To this 
end, thin layers of each metal forming the alloy (one of these 
is generally chromium) are applied to the substrate and the 
whole is annealed until the diffusion process gives a 
homogeneous alloy firmly attached to the metal to be pro 
tected. 

Protective layers of pure chromium have very great re 
sistance to corrosion-i.e., they are very slowly corroded by 
oxygen and sulphur. The disadvantage of pure chromium, 
however, is that it easily absorbs and combines with nitrogen 
at high temperatures. The resulting compound of chromium 
and nitrogen is very brittle, with the result that the chromium 
layer may crack open if the temperature changes and exposes 
the substrate to corrosion, 
Chromium-enriched metal surfaces are much less liable to 

absorb nitrogen but have less resistance to corrosion than pure 
chromium. This reduced resistance to corrosive media such as 
oxygen and sulphur, particularly after a long period of use, is 
due to the fact that the chromium on the surface is oxidized, 
i.e., is removed from the metal to be protected. For a time, 
more chromium can be diffused to the surface from the interi 
or of the metal, but as most of the chromium has been concen 
trated at the surface by the enrichment process and the con 
tent falls rapidly inside the substrate, the supply is soon ex 
hausted and the chromium content in the surface layer is 
reduced to the point where it gives no further protection 
against corrosion and the substrate begins to scale. 
Chromium alloys behave similarly when used as protective 

layers. The chromium passes to the surface by the same 
mechanism, but generally the supply of chromium is 
somewhat larger, with the result that it takes longer before the 
alloy at the surface has lost so much chromium that it is no 
longer corrosion resistant and begins to scale. When scaling 
has proceeded far enough for layers richer in chromium to 
come to the surface, the process is repeated. 
The principal object of this invention is to prevent, or at 

least greatly delay, the absorption of nitrogen by protective 
chromium layers at high temperatures. To this end, the 
chromium layer is coated with a layer of metal having less af 
finity than chromium for nitrogen and in which chromium is 
soluble, after which the whole is diffusion annealed in a 
neutral atmosphere at a temperature above 1,000 C. until the 
diffusion path of chromium in the surface layer is at least 0.01 

. 

The chromium layer, which is extremely resistant to oxygen 
and sulphur, is coated with a thin layer which does not in itself 
give any protection against corrosion. The surface layer is ad 
vantageously of unalloyed iron, but other metals can be used, 
e.g., nickel or cobalt. To be suitable, the metal in the surface 
layer must have less affinity than chromium for nitrogen, 
otherwise it will be attacked at least as quickly. The chromium 
must also be soluble in the other metal, so that it can migrate 
into the surface layer during diffusion annealing. The surface 
layer can be applied galvanically, by flame spraying, dipping 
or any other method. The layer thickness should be from 0.01 . 
to 0.05 mm. 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

2 
The metal or workpiece to be protected is then diffusion an 

nealed in a neutral atmosphere, e.g., hydrogen or argon. The 
temperature and duration of annealing should be chosen so 
that the diffusion path of the chromium into the surface layer 
is not too short. It should be at least 0.01 mm. The values 
chosen depend on the material in the surface layer, and it 
should be noted that the diffusion process is faster at higher 
annealing temperatures. To be sufficiently effective, the diffu 
sion annealing should be carried out at a temperature over 
1,000 C. It should not last too long or occur at an unduly high 
temperature, however, since the alloy formed should not be 
almost homogeneous but should leave a chromium layer and a 
surface layer with rapidly decreasing chromium content-i.e., 
a layer with a high internal and low surface content of chromi 
um. Thirty minutes is the minimum period for annealing, 

It is sufficient to keep within the above limits, without any 
further restrictions on the thickness of the surface layer and 
the temperature and duration of diffusion annealing. This is a 
considerable advantage in the process according to the inven 
tion. It is important for the chromium content to decrease 
rapidly outwards. If the chromium has not diffused as far as 
the top of the surface layer, the external chromium-free layer 
and the low-chromium-content layers underneath scale and 
flake off during operation in corrosion atmospheres and at 
high temperatures, until a layer is uncovered which contains 
enough chromium to be corrosion resistant. To prevent the 
top layer from becoming too thin through this automatic 
process, diffusion annealing must be continued until the diffu 
sion path of chromium into the surface layer is at least 0.01 

. 

In the method described, the chromium layer is prevented 
from absorbing nitrogen by the surface layer. The surface 
layer, formed possibly after scaling, is not subject to the ordi 
nary corrosion mechanism (oxidation of chromium at the sur 
face, migration of chromium to the surface, loss of chromium 
from the surface layer, and scaling) since the chromium layer 
underneath contains adequate reserves of the metal. The sta 
bility of a protective chromium layer is considerably improved 
by the surface layer, which is cheap and relatively easy to 
manufacture. The surface layer can be used at temperatures 
above 750 C. or for a very long period without the protective 
layer becoming brittle or cracking as a result of absorbing 
nitrogen. - 

In general the diffusion temperature can range between 
1,000 and 1,200 C., and is preferably about 1, 100° C. The 
diffusion time can range between 30 minutes and 4 hours and 
is preferably about 1 hour. 

EXAMPLE1 

A workpiece which is provided with a corrosion-resistant 
protective layer of chromium 0.1 mm. thick. In order to clean 
it and to obtain sufficient adhesion with the metal layer that is 
subsequently applied, it is first of all etched electrolytically in 
10 percent sodium hydrate (current strength 2a.fdm. during 
30 min.). The workpiece is then rapidly rinsed in water and 
immediately afterwards dipped in a bath of 300 g. FeClf liter 
water where it receives electrolytically a layer of iron 0.02 
mm. thick (current strength 2a.fdm.” during 30 min.). After 
this, the workpiece is heated in a vacuum furnace to 1,080 C. 
and kept at this temperature for 35 min. whereby chromium 
diffuses into the iron layer. 

EXAMPLE 2 

A workpiece of the same kind as in Example i is cleaned, 
etched and washed in the same way. The workpiece is then 
dipped in a nickel bath (Watt's type) where it is covered elec 
trolytically with a layer of nickel, 0.015 to 0.02 mm. thick 
(current strength 2a.fdm. during 30 min.). Thereupon the 
workpiece is heated in a vacuum furnace up to 1,120° C. and 
kept at this temperature for 60 minutes. Due to the lower dif 
fusion speed of chromium into nickel, a longer diffusion time 
is required than in Example 1. 

I claim: 
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1. A process for increasing the stability of a protective 
chromium layer on a metal substrate when subjected to a 
nitrogen-containing atmosphere which comprises applying a 
surface coating to the chromium layer of a metal having less 
affinity for nitrogen than chromium and in which the chromi 
um is soluble, said coating having a thickness substantially 
thinner than the chromium layer and from about 0.01 to 0.05 
mm., diffusion annealing the chromium layer with the metal 
coating thereon in a neutral atmosphere at a temperature 
above 1,000 C. until a portion only of the chromium layer has 
diffused into the metal of the surface coating to form an alloy 
surface coating on the chromium layer remaining, the diffu 
sion path of chromium in the surface coating being at least 
0.01 mm. 

O 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

4 
2. A process as claimed in claim 1 wherein the metal of the 

surface coating applied to the chromium layer is iron. 
3. A process as claimed in claim 1 wherein the metal of the 

surface coating applied to the chromium layer is nickel. 
4. A process as claimed in claim 1 wherein the metal of the 

surface coating applied to the chromium layer is cobalt. 
5. A process as claimed in claim 1 wherein the diffusion an 

nealing step is carried out for at least 30 minutes. 
6. A process as claimed in claim 1 wherein the alloy surface 

coating on the chromium layer remaining obtained by the dif 
fusion annealing step has decreasing amounts of chromium 
toward the external surface of the coating. 


