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This invention relates. to improvements in or
relating to a proecess for the introduction of
chromium into {ron or steel articles.

Ag It is known, the surface of !ron and steel
articles may be enriched in chromium by diffu-
slon. This was done, according to previous meth-
ods, by packing the drticles in chromium powder
or ferrochrome powder and then heating the
whole for many hours t¢ very high temperatures,
e. g 1200 to 1300° C. Vaporisable chromjum
compounds are recently used for the introduction
of chromium and especially vaporous chromium
chlorine compounds, out of which chromium chlo-
ride has proved to be pecullarly suiteble. By
using vaporisable chromium chlorine compounds
& considerable reduction of the high treating tem-
peratures and of the treating period has been
obtalned, e. g. the treating temperature has been
reduced to 1000° and the treating petrlod to some
5 hours, In the courss of which good chromitim
layers may he obtained on the surface to depths
of 0.1 mm on an average.

The procetdure of the chromium diffusion and
the quality of the chitomium layers formed con the
surfaces also depend upon the composition of the
materials to be treated, in so far as it is known
that the chromium diffusion is rendered difficult
with increasing carbon content of the same, For
this reason, iron alloys having not more than

0.29%, possibly not more than 0.1%, have so far -

been demanded for the introduction of chromium.

However, experiments on & large scale have
shown that & low-carbon prime material alone
does not lead yet to a good progress of the in-

troduction of chromium and to useful surfaces, .

because, as it has been found, such results do not
depend upon the proportion of carbon but upon
the total amount of the carbon in the material.
It has been found that, when introducing the
chromium, migration of the carbon from the in-
terior of the cross section towards the surface
takes place, and this migration is the stronger, the
greater the carbon of the cross section. Thus,
for instance, It is not possible, when the diffusion
is carried out under the usual conditions, to bro-
duce satisfactory layers on an article made from
stzel of about 0,02% carbon content and having &
wall size of about 10 mm, whereas very good and
tough chromium zones are obtainable on the

same steel and under the same conditions, if the ;

article has a wall size of some 2 mm. This clear-
ly demonstrates that. with respect to the dif-
fugion process and the quality of the chromium
layers formed on the surface, the wall size of the
articles to be treated and the carbon content of
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the material to be treated depend upon each
other and that there must be certain limits in this
function, above which no useful chromium layers
and below whioh very useful ones may be ob-
tained. In view of the fact that it has been as-
ceriained by previous experiments that the dis-
advantageous influence of the carbon may be
suppressed by adding certain alloying alements
to the iron, e. g. titanium, vanadium, niobium,
manganese or aluminfum, it is possible In each
case—making use of the flrm relation existing
between the wall size and the carbon content of
the articles to be treated—to produce with ab-
solute certalnty and In a most economic way
useful chromiferous surfaces on iron or steel arti-
cles everr higher carbon contént and with an am-
ple wall size tolerance,

The firm relation existing between the wall size
and the cdrbon cohtéent with respect to the dif-
fusioh process and the quality of the chromium
layers formed on the surface Is, aceording to the
Invention, determined by the equatlon a.b=F(b),
In which equation ¢ 1s the wall size In millimetres
and b the percentage of the carbon comtent. If
F(b) exceeds a certain value in this equation, sat-
Isfactory chromium layers can ng longer be pro-
duced on the surface of articles from pure iron-
carbon alloys, 1. e. there will result, when the
diffusion is carried on under the usual condi-
tions, chromiferous zones, which are brittle and
have a relatively low resistance to corrosion.
However, according to the present invention, this
can be counteracted by adding to the alloys hav-
ing such a value of F(b) certain elements, which
suppress the miegration of the carbon in the cross
section, e. g. titanium, manganese, niobium or
alumintum.

The value of F(b), above which the quality of
the chromiferous surfaces is no longer satisfac-
tory without additional alloying steps, and below
which there will resulf in each case very good and
useful chromiferous surfaces, may be substituted,
In a manner which is absolutely sufficlent for
practise, for three roughly graduated ranks of
carbon content by certaln constants. For the
lowest range of carbon up to about 0.059% C this
constant is 0.08, for the range of about 0.1% to
about 0.4% C this constant is 0,12, and for a
range of 0.5 to about 1.5% C the constant {5 0.17.
These constants representing practical approxi-
mations only, they are subfect to a variation of
+0.02 max.

The drawing graphically illustrates in detall
the reciprocity between the diffusion process and
the quality of the chromium layer on the sur-
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face on the one hand and the wall size of the
articles to be treated and the carbon content of
the Iron-carbon alloy from which they are made
on the other hand.

In the diagram the curve AB indicates the
limiting value of the product of the wall slze
and the carbon content of the articles to be
treated, up to which value it is possible to pro-
duce by diffusion sbeclally good chromifercus
surfaces on non-alloyed iron or steel. The space
between the curve AB and the co-ordinates en-
closes therefore the conditlons which are to be
observed in case of non-alloyed kinds of iron
and steel in order to obteln chromlum zones
which can stand e. g. strong deformations like

bending radius of ahout 2 mm. and which fully

resist considerable wet corroslon. (Test in the
salt water spray box.)

If it is intended to obtain the same properties
of the chromiferous surfaces in case of wall sizes
and carbon contents on the right hand of the
curve AB, it is, according to the invention, no
longer possible to use pure Iron or steel for the
production of the articles to be treated, but it
is necessary to use Iron-carbon alloys, which
contain additions of titanium, vanadium, nlo-
bium or of elements of simllar effect, and that
at least up to such an amount that the total
carbon content of the alloy 1s hound by them.
The same effect can also be obtained by adding
manganese or aluminium, e. g. In form of an
alloy which contains, apart from about 0.1%
carbon, about 3% mangahese.

The transition of the properties of the chro-~
miferous surfaces from the space on the left
hand of the curve AB to the space on the right
hand of the curve is not sudden, but between
the curve AB and a further curve CD having a
constant value for F(b) which 1s by 0.06 higher,
there is a space in which also non-alloyed kinds
of lron and steel may stlll be coated by chro-
miferous layers which stand average deforma-
tlons like light bending etc. and which resist
humid air. This resistance 1s also indicated by
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non-corrosion in 30 percent hot nliric acld. I,
therefore, it i1s intended to obtain chromiferous
surfaces of this average quallty only, the articles
to be treated can be made of non-alloyed sorts
of iron and steel and the carbon content of the
same can be arranged with respect to the wall
size of the articles so as to observe the condi-
tlonsg of the space hetween the curves AB and CD.

Whilst chromiferous surfaces of the good prop-
erties of the space on the left hand of the curve
AB can he well obtalned In the space on the
right hand of the curve CD by completely bind-
ing the carbon content of the used alloys by
means of titanjum, vanadium, nioblum or the

- like, chromium zones of the propertles corre-

sponding to those which are met in the space
between the curves AB and CD can also be ob-
tained on the right hand of the curve CD, by
adding to the iron-carbon alloys from which the
articles are made smaller quantities of titanium,
vanadium, nlobium or the like than it Is neces-
sary for completely binding the carbon cortent
of the alloys.

To recapltulate the inventlon first discloses
the knowledge that, with respect to the diffusion
process and the quality of the chromium layers
produced on the surfaces, the wall size and the
carhon content of the articles to be treated de-
pend cn each other, and it further indicates those
conditions which must be observed In order to
obtain with certainty and highest economy those
properties of the articles, into which the chro-
mium has been Introduced, which are demanded
in each Indlvidual case. At the same tlime the
method according to the Invention is valid for
each kind of the introduction of chromium by
diffusion, 1. e. for the diffuslon in pure metallic
conditlon as well as for the diffuslon by means
of vaporisable or vaporous chromium compounds,
specially chromium c¢hlorine compounds.
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