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The present invention relates to methods for obtaining 
on metal pieces superficial diffusion alloys of the metal 
of said pieces with an addition metal, in particular chro 
mium alloys. 

It is known that superficial diffusion alloys can be 
obtained on metal pieces by the action on said pieces 
of a halide of the addition metal obtained from a cement 
ing material containing either said addition metal halide 
in the solid or liquid form or the solid or liquid compo 
nents necessary for forming said halide, said cementing 
material being placed in the treatment container out of 
contact with the piece to be treated and the whole being 
heated to a suitable temperature for disengagement of 
said halide. 

However, whereas a cementing material, as above de 
fined, is capable by itself and merely under the effect of 
heat, of giving off an addition metal halide, it is known 
that there are other possible sources of such a halide. 
For instance a mass of the addition metal, placed in a 
treatment container where halide vapors have already 
been produced by a cementing material, may be attacked 
by the vapors of a halogen acid resulting from the action 
of said halide vapors on the metal of the piece in treat 
ment, to form a halide of the metal of said mass. In 
the following description and claims, such a source of 
an addition metal halide will be distinguished from a 
"cementing material' because it yields a halide only 
when placed, in a treatment container, in the presence 
of vapors of a halogen acid, whereas a "cementing mate 
rial' only requires the action of heat to disengage an 
addition metal halide. 

According to my invention, I make use, for obtaining 
superficial diffusion alloys on pieces in treatment, of two 
distinct halide sources capable of giving off under the 
effect of heat in the treatment container, at least two 
different halides, one of which is a fluoride, and these 
two sources are located in two distinct zones of said con 
tainer, one of said zones being above the piece in treat 
ment. 

Preferred embodiments of my invention will be herein 
after described with reference to the accompanying draw 
ing, given merely by way of example, and in which: 

Figs. 1 to 6 are diagrammatic vertical sections of treat 
ment ovens according to my invention, showing the ar 
rangement of the pieces to be treated and the various 
materials used. 

Fig. 7 is a similar view of a modification. 
I will first consider the case where it is desired to 

obtain, in the superficial portion of a metal piece, a dif 
fusion alloy of the metal of this piece with at least two 
metals. 
According to my invention, the elements of formation 

of said halides are localized in at least two zones A 
and B of a treatment oven 2 (Figs. 1 to 6) in which 
the pieces 1 to be treated are so disposed as to have no 
contact whatever with the cementing material, at least 
one of these zones, for instance B, being located above 
zone A. 
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The use of several sources of addition metal halides 

disposed as above indicated inside the treatment oven has 
several advantages: 
The addition metal halides, which are located in the 

atmosphere of the oven already made homogeneous by 
thermal stirring due to the high temperature of treat 
ment (from 800 to 1300 C.), are still more uniformly 
distributed. 

It is possible, by distributing them in different zones, 
to make use of different halides for the different addi 
tion metals, without mutual soiling of the cementing mate 
rials by one another; 

It is also possible to make use of different reactions 
to form the halides of the different metals which are 
to be diffused and thus to obtain, for metals having 
very different physical and chemical properties, a con 
tinuous and suitable production of the halides through 
which they are conveyed. 
The reactions to be employed for forming the halides 

of the addition metals other than chromium vary accord 
ing to the physical and thermo-dynamic constants of the 
metals in question and their halides (melting point and 
boiling point in particular). 

Concerning the diffusion temperature, a distinction is 
to be made between the addition metal halides according 
to their volatility. 

I will call "volatile halides” those having a boiling 
point lower than the temperature required for the treat 
ment. These are in particular, when the pieces to be 
treated are made of ferrous metals, silicon, aluminium, 
titanium, molybdenum and tungsten halides. 

I will call "little volatile halides" those having a boil 
ing point higher than the temperature of treatment, that 
is to say, in the case of pieces of ferrous metals, most 
of the nickel, chromium and cobalt halides. 

In the case of volatile halides, it is necessary to achieve 
progressivity of their formation by the action on the 
diffusion metals of a compound formed in a slow and con 
tinuous manner in the course of the reaction. 

I may obtain this result in different ways. 
According to one of them, as known, I cause a chro 

mium halide to act on the addition metal in a more or 
less divided state. 
Another way consists, according to a feature of the 

present invention, in subjecting a reserve of the addition 
metals, located for instance at the upper part of a treat 
ment oven, to the action of a halogen acid (preferably 
hydrofluoric acid) formed when chromium is diffused into 
the pieces to be treated. 

Still another way consists, according to another fea 
ture of my invention, in causing the alumina or zirconia 
which may be present in the cementing material to act 
upon the chromium fluoride. 

In these three cases, metallizing is obtained with the 
following reactions: 
1st case: 

3CrCl2-2Al=2AlCl3-1-3Cr (formation of alumin 
ium halide) 2ACl3+3Fe=3FeCl2-4-2A1 (Alumi 
nizing) 

2nd case: 
CrF2--H2=Cr--2FH (chromizing in the presence 
of iron) 4FH--Si-SiF4-1-2H2 (formation of silicium 
halide) SiF4+2H2=Si--4HF (silicizing in the pres 
ence of iron) 

3rd case: 
3F2Cr--AlgO3=2AlF3--3CrO 

These reactions may be produced in ovens as shown by 
Figs. 1 to 6. 
The construction of Fig. 1 is suitable for a reaction of 

the kind of the first case. The cementing material is dis 
tributed at the lower part A and at the upper part B of the 



3. 
: oven. it contains uniformly a chromium cementing mix 
ture, and a metal divided into pieces which may consist 
of silicon, molybdenum, aluminium-chromium, titanium 
and so on. ; : ; : . . - - - 

The arrangement of Fig. 2 corresponds to mixed reac 
tion of the first and second cases. At the lower part A 
of the cementing oven is provided a chromium cementing 
mixture containing pieces of metal as in the preceding 
arrangement. At the upper part B of the cementation 
chamber, there is disposed a reserve of chronium accom 
panied with addition metals which may besilicon, molyb 
denum, titanium or aluminium-chronium. 
The arrangement of Fig. 3 is also suitable for mixed 

reactions of the first and second cases. 
to the preceding one, but a reserve of cementing material 
identical to that located at the lower part of the oven is 
disposed at the upper part below the reserve B of divided 
metals. 
This kind of diffusion is advantageous to improve re 

sistance to dry corrosion. For this purpose, for instance, 
mixed chromium-silicium or chronium-aluminium cemen 
tations will be produced, the diffusion layers possibly 
containing also tungsten (preferably to molybdenum) or 
Zirconium. 

Thus, by making use of the arrangement illustrated by 
Fig. 1 and making use of a chromium cementing material 
and a chromium reserve containing each 5 percent of 
silicium in pieces, obtain in four hours at 1050 C. dif 
fusion layers of a thickness of 0.25 nm. protecting the 
piece against prolonged dry oxidizing at temperatures up 
to about 900 C. 

in the case of non-volatile halides, the halide concen 
stration in the atmosphere of the oven is determined by 
the vapor tension of Said halide at the temperature of 
the diffusion treatment. . . . ; 

These halides may be formed “in situ' through the ac 
tion of an ammonium halide introduced into the cement 
ing material, on one of the metals the diffusion of which, 
is to be obtained, if the conditions of the reaction can be 
complied with. 
The halides may also be formed in a preceding opera 

tion and introduced as such into the cementing material, 
if the conditions of formation of these halides cannot be 
obtained in the diffusion oven. 

Metallizing is obtained, in these two last mentioned 
cases, in accordance with the following reactions: 
1st case: 

2I(NH4)--Cos-CoI2--2NH3--I2 
(formation of cobalthalide) 
CoI2=Co--I2 
(cobaltizing in the presence of iron) 

2nd caSe: 
The formation of nickel fluoride took place in a 

preceding operation. This fluoride reacts upon 
hydrogen in the presence of iron as follows: 

FaNi--H2=Ni--2FH (nickelizing) 
Several oven arrangements may be used. 
The arrangement of Fig. 4 is suitable in the case of a 

reaction of the kind of the first case. At the lower part 
A of the diffusion oven 2, there is provided a chromium 
cementing mixture of the kind including ammonium 
fluoride, chromium and alumina. At the upper part of 
the diffusion oven there is disposed a cobalt cementing 
mixture of the kind including ammonium chloride, co 
bait and alumina. 
The arrangement of Fig. 5 is also adapted to a reac 

tion of the kind of the first case. The same cementing 
mixture is disposed at the lower part A and at the upper 
part B of the cementing oven and it includes chromium, 
cobalt, alumina, ammonium chloride and ammonium 
fluoride. 
The arrangement of Fig. 6 is suitable for reactions of 

the kind of the second case. The same cement is dis 

It is analogous 
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4 
posed at the upper part and at the lower part of the oven. 
It includes in particular chromium, ammonium fluoride 
and nickel fluoride. 
These diffusion methods may in particular be applied 

to improve the resistance of ferrous metals to nitric cor 
rosion. For instance mixed layers of nickel and chromi 
um containing a high percentage of nickel, will be formed, 
preferably with an arrangement as shown by Fig. 6. 
Layers obtained in six hours at a temperature of 1075 
C. by means of a cementing mixture containing chromi 
unn, ammonium fluoride and nickel fluoride are perfectly 
bright and are not attacked after several hundreds of 
hours by boiling concentrated nitric acid. 
The presence of nickel or cobalt is also advantageous 

to improve the resistance to local pitting under the effect 
of saline corrosion. 

In some cases, for instance when use is made of cobalt 
and ammonium iodide, with arrangements. Such as those 
of Figs. 4 and 5, it is possible to obtain a kind of "co 
baltizing', through thermal dissociation of cobalt iodide 
in contact with the metal treated. A deposit of cobalt is 
then superimposed on the diffusion alloy of cobalt with 
iron. 

Thus, by making use of a cementing mixture consisting 
of powdered cobalt, alumina, ammonium iodide and am 
nonium chloride, it is possible to obtain in one hour at 
1025° C. a uniform layer of a thickness of 0.2 mm. 

I will now consider the problem of forming a diffusion, 
alloy of a metal, and especially chromium and/or molyb 
denum, by making use, as agent for conveying this metal, 
of a halide thereof other than a fluoride. 

It is known that when such a halide constitutes the only 
agent used for conveying the metal, serious difficulties are 
encountered. In particular, it is difficult correctly to 
recuperate the halide by means of an auxiliary reserve. 
On the other hand, dull surfaces of irregular aspects oc 
cur on the pieces treated. 

These drawbacks may be avoided if the agent used for 
conveying the metal (which, for the sake of simplicity, , 
will be hereinafter be supposed to be chromium) is the 
fluoride of this metal, i.e. chromium fluoride. However, 
in some cases, this solution cannot be adopted. 

If the halide to be used cannot, for some reason, be 
the fluoride (if, in particular, it is the chloride) the draw 
backs above mentioned can however be avoided, accord 
ing to my invention, by maintaining on the piece to be 
treated, at least until the temperature of treatment has 
reached the value for which diffusion takes place, a pro 
tective layer of iron fluoride. 

This process may be applied both when the diffusion 
action is exerted on a piece wholly out of contact with 
any solid or liquid substance (this being called the gaseous 
phase process) and when the piece to be treated is in 
contact with pieces of regenerating metal, a chromium 
cementing mixture being present in the oven but out of 
direct contact with the piece (this being called the semi 
contact process). 
According to an embodiment of my invention, the 

protective layer of iron fluoride may be obtained by 
causing chromium fluoride to cooperate with the halide 
or halides (other than fluoride) used for conveying 
chromium, it being well understood that the fluoride and 
the other halide or halides may be formed through any 
known method, either in the oven itself or in an auxil 
iary apparatus. 

In particular, referring to Fig. 7, I may introduce si 
multaneously into the treatment oven 2 a chromium ce 
menting mixture giving birth to a fluoride and a chro 
mium cementing mixture giving birth to another halide 
or halides, in particular to a chloride and a bromide, 
Since the high cost of iodine compounds and their cor 
rosive action, especially on ferrous metals, generally pro 
hibits the use of a iodide. 

In this case, preferably, the two cementing mixtures 
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are not mixed together and are on the contrary lo 
cated in distinct zones of oven 2, the cementing mixture 
A which is to supply the halogen compounds other than 
the fluoride being then placed in a zone close to the out 
let orifice of the oven sweeping gases whereas the flu 
oride cementing mixture is on the opposite side. 

In particular if the gas used for sweeping the oven 
is hydrogen introduced at the upper part of oven 1 with 
a slight overpressure through a conduit 3 and evacuated, 
during the treatment, also at the upper part through 
a conduit 4 provided with a valve 5, the cementing mix 
ture A may be disposed at the top and the cementing 
mixture B at the bottom of the oven, pieces 1 being lo 
cated between these two mixtures (and being possibly 
Surrounded with pieces of chromium or ferro-chromium, 
in semi-contact processes). 

Cementing mixture A may contain fluor compounds 
and cementing mixture B may be constituted by a mix 
ture of chromium, alumina, ammonium fluoride and liq 
uid hydrofluoric acid. 

Thus, at the beginning of the treatment, the hydro 
chloric and hydrobromic acids and the other chlorine 
and bromine compounds escape without being in con 
tact with pieces 1 which are only subjected to the action 
of hydrofluoric acid and the fluorine compounds. 

I may provide, between the portion of the oven con 
taining pieces and the cementing mixture B and the 
portion which contains the cementing mixture A, a 
porous or perforated partition 6 forming an obstacle 
between pieces 1 and vapors of hydrobromic or hydro 
chloric acid. 
The sweeping gases are freely evacuated at the be 

ginning of the operation through auxiliary outlet 4, 
which is closed when the chromium halides begin to 
have a substantial vapor tension. 
The arrows of Fig. 7 represent the circulation of the 

gases in oven 2 during the heating period. 
Of course, if the circulation of the gases through the 

oven were different, the location of cementing mixtures 
A and B would be different. 

Besides, I may dispose, between cementing mixture 
A and/or pieces 1 and partition 6, a reserve of chromium 
or ferro-chlorium in pieces. 

But I might also, instead of separating cementing 
mixtures A and B, mix them together, in which case I 
preferably provide a substantial excess of fluoride in 
the mixture (more than 60%), whereby the equilibrium 
is constantly modified toward the formation of iron 
fluoride during the heating of the oven. 
Another solution, for the obtainment of the protec 

tive layer of iron fluoride, consists in introducing into 
oven 2, for instance by mixing with the sweeping gases, 
an amount of gaseous hydrofluoric acid such that, in 
the presence of the other halogen acid or acids, the 
equilibrium tends toward the formation of iron fluoride 
on pieces 1. 

It is then possible to make use of a cementing mix 
ture constituted exclusively by chlorine and bromine 
compounds, the gaseous hydrofluoric acid being intro 
duced into oven 2 together with the sweeping gas, dur 
ing the period of heating of the oven. 
For instance, an intensive sweeping may be performed 

while the temperature is still below 350° C. (at which 
temperature the halogen acids and the ammonium halides 
are substantially vaporized), after which a reduced 
Sweeping may be maintained at temperatures ranging 
from 350 to 800 C. 
Whatever be the solution that is adopted, it is found, 

in the case of cementation of ferrous pieces, that iron 
fluoride, which volatilizes only at temperatures close 
to 1100, constitutes at the beginning of the treatment 
a very fine protective layer on pieces to be treated, 
whereas the other halogen compounds of iron would be 
volatile at low temperature (FeCl3 at about 300° C., 
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FeBr2 at about 600, FeI2 at about 250). In the ab 
sence of this protective layer, the action of the halo 
gen acids other than hydrofluoric acid would not be 
limited at the beginning of the treatment. Now this 
action results, in vapor phase process, in particular in 
the case of the chloride and the iodide, in the formation 
of dull spots and pitting due to localized attacks. In 
the semi-contact process, pitting is not so intensive but 
often the addition metal sticks to the treated pieces. It 
is therefore obvious that the formation of the protec 
tive layer of iron fluoride, which makes it possible to 
avoid these defects, is of high interest. 
Of course, the invention is not limited to the forma 

tion of iron and chromium alloys. 
The pieces to be treated may be made, in particular, 

of special steels of the following metals: molybdenum, 
tungsten, nickel, cobalt, titanium and their alloys, and 
the addition metals, in addition to chromium and molyb 
denum, may be tungsten, nickel, cobalt, titanium, alu 
minium or silicium. 

It should also be noted that the pieces to be treated 
may be of all kinds of dimensions and structures, the 
invention applying as well to cast or machined pieces 
as to calcined pieces and metallic powders. 
Anyway, the simultaneous utilization of a fluoride 

compound and of one or several halides, other than the 
fluoride, of the addition metal makes it possible, in 
particular owing to the use of chloride and bromide, to 
reduce the cost of the treatment. 
The following advantages result from the method 

which has just been described. 
The simultaneous presence of several halides makes 

it possible to increase the resultant vapor tension for 
the chromium halide, whereby, in particular, a better 
homogeneity can be obtained when the nature of the 
pieces imposes a relatively low diffusion temperature, 
for instance from 800 to 900 (case of some kinds of 
cast iron). 

It becomes possible to form the halides according to 
different types of reaction, for instance by direct intro 
duction or by action on the addition metals of the halo 
gens, the halogen acids, the halides, ammonium and so on. 

It is also possible, for the manufacture of precision 
pieces, to combine halides so as to obtain a good state of 
surface without substantially modifying the dimensions 
of the pieces to be treated. This is due to the fact that 
the addition of chromium by means of the fluoride 
achieves a perfect surface, but, under certain conditions 
of sweeping, chromium is added without iron being elimi 
nated. The iron fluoride which tends to form is immedi 
ately dissociated under the action of the sweeping hydro 
gen into iron and hydrofluoric acid. On the contrary, 
the addition of chromium by means of chloride and 
bromides takes place without any material modification 
of the dimensions of the pieces, the corresponding iron 
halide being eliminated according to the reaction: 

Thus, a suitable combination of various halides, one 
of which is a fluoride, makes it possible considerably to 
reduce the variations of dimension which occur as com 
pared to those which take place when the fluoride is 
used alone. 
What I claim is: 
1. The process of forming on a metal body having 

iron as a principal component a superficial diffusion alloy 
with an addition metal selected from the group consisting 
of chromium, molybdenum, tungsten, nickel, cobalt, 
titanium, aluminum and silicon which comprises raising 
the temperature of said iron body to the temperature at 
which said addition metal is capable of diffusing into said 
iron body, forming a protective layer of iron fluoride on 
the Surface of said iron body while raising its tempera 
ture, and bringing vapors of an addition metal halide 
other than fluoride into contact with said iron body after 
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said diffusing temperature has been reached to cause 
diffusion of said addition metal into said iron body. 

2. The process of forming on a metal body having 
iron as a principal component a superficial diffusion alloy 
with chromium which comprises raising the temperature 
of Said iron body to the temperature at which chromium 
is capable of diffusing into said iron body, exposing said 
iron body to vapors of chromium fluoride while raising 
said temperature to form a protective layer of iron fluo 
ride on the surface of said iron body, and bringing a 
chromium halide other than fluoride into contact with 
said iron body after said diffusing temperature has been 
reached to cause diffusion of chromium into said iron 
body. 

3. The process of forming on a metal body having 
iron as a principal component a superficial diffusion alloy 
with chromium which comprises raising the temperature 
of Said iron body to the temperature at which chromium 
is capable of diffusing into said iron body, exposing said 
iron body to vapors of hydrofluoric acid while raising its : 
temperature to form a protective layer of iron fluoride 
on the Surface of Said iron body, and bringing vapors of 
a chromium halide other than fluoride into contact with 
Said iron body after said diffusing temperature has been 
reached to cause diffusion of chromium into said iron 
body. 

4. The process of forming on a metal body having 
iron as a principal component a superficial diffusion alloy 
with chromium which comprises positioning said metal 
body in a container, positioning in said container at a 
point Spaced above said iron body a first cementation 
mixture capable on heating of evolving vapors of a chro 
mium halide other than fluoride, positioning in said con 
tainer at a point spaced below said iron body a second 
cementation mixture capable on heating of evolving 
vapors of chromium fluoride, raising the temperature of 
Said container to the temperature at which chromium is 
capable of diffusing into said iron body, allowing said 
chromium halide evolved from said first cementation 
mixture to escape from the top of said container as long 
as the temperature is below said diffusing temperature, 
whereby practically only said chromium fluoride vapors 
evolved from Said Second cementation mixture contact 
Said iron body at temperatures below said diffusing tem 
perature and form a protective layer of iron fluoride on 
said iron body, and retaining in said container said chro 
mium halide vapors evolved from said first cementation 
mixture after said diffusing temperature has been reached 
which will then contact said iron body and cause diffusion 
of said chromium therein. 

O 

3. 
5. The process of forming on a metal body having 

iron as a principal component a Superficial diffusion alloy 
with chromium which comprises positioning said metal 
body in a container, positioning in said container at a 
point spaced from said iron body a cementation mixture 
capable on heating of evolving vapors of a chromium 
halide other than fluoride, raising the temperature of said 
container to the temperature at which chromium is capa 
ble of diffusing into said iron body, introducing gaseous 
hydrofluoric acid into said container only as long as the 
temperature is below said diffusing temperature sufficient 
to form a protective layer of iron fluoride on said iron 
body at temperatures below said diffusing temperatures 
Whereby said chromium halide vapors evolved from said 
cementation mixture after said diffusing temperature has 
been reached will then cause diffusion of said chromium 
into said iron body. 

6. The process of forming on a metal body having 
iron as a principal component a superficial diffusion alloy 
With chromium which comprises positioning said metal 
body in a container, positioning in said container at a 
point Spaced from said iron body a cementation mixture 
capable on heating of evolving vapors of chromium fluo 
ride and of a chromium halide other than fluoride, said ce 
mentation mixture being such that the evolved vapors are 
more than 60 percent chromium fluoride, and raising the 
temperature of said container to the temperature at which 
chronium is capable of diffusing into said iron body, 
whereby said chromium fluoride vapors form a protective 
layer of iron fluoride on the surface of said iron body 
While raising its temperature before vapors of the other 
chromium halide have been able appreciably to attack 
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Said Surface at temperatures below that at which chro 
mium is capable of diffusing into said body, and said iron 
fluoride is decomposed when said chromum diffusion 
temperature is reached so as to enable said other chro. 
mium halide then to contact said iron body to cause 
diffusion of chromium into said body. 

References Cited in the file of this patent 
UNITED STATES PATENTS 

1,497,417 Weber ----------------- June 10, 1924 
1,770,177 Martin ------------------ July 8, 1930 
1,902,503 Howe ----------------- Mar. 21, 1933 
2,219,004 Daeves et al. ----------- Oct. 22, 1940 
2,257,668 Becker et al. ----------- Sept. 30, 1941 
2,604,395 Gonser et al. ----------- July 22, 1952 

FOREIGN PATENTS 
589,087 Great Britain ----------- June 11, 1947 


