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To all whom it may concern: 
Be it known that I, JAMES HENRY REID, 

of Newark, in the State of New Jersey, 
United States of America, have invented 

5 certain new and useful Improvements in 
Processes of Hardening Metallic Surfaces, 
of which the following is a specification. 
This invention relates to improvements in 

processes of hardening metallic surfaces, and 
10 the objects of the invention are to provide 

a simple and efficient process by means of 
which an increased degree of surface hard 
ness may be obtained in a minimum time 
and also to combine with the said process, 

l5 a method of gradually annealing or soften 
ing the metal below the surface in propor 
tion to the distance therefrom thereby form 
ing a hardened surface with a gradually 
softened or annealed backing. 

20 The invention is applicable with great 
advantage to the manufacture of armor 
plates, rails and car wheels, as in these it is 
desirable to have an extremely hard sur 
face in combination with a gradually 

25 softened backing, whereby the metal may be 
utilized to the greatest advantage to resist 
the stress. - 
In the manufacture of armor plates as at 

present carried out, various cementation 
30 processes have been employed, which con 

sist, in general, of heating the plate in con 
tact with a mixture containing carbon, and 
in some cases the back of the plate has been 
cooled. It is also known to separately apply 

35 hardening material to the surface of the 
plate through the medium of an electric arc 
directed thereagainst. In these, however, 
while the surface is hardened, the backing 
is left unaffected and there is liable to be 

40 a more or less sharp separation between 
the hardened and unhardened plate. According to the present process, the 
change from the hardened to the unhardened 
plate is graduated thereby securing maxi 

45 mum efficiency, and in the case of armor 
plate, offering the greatest possible resist 
ance to the passage of the projectile. 

In carrying out the process, the plate or 
other article is bedded in suitable granular 

50 conducting material, such as hematite, mag 
netite or carbon in the form of coke, a bath 
of hardening substances is formed on the 
surface and an electric current passed 
through the bath, plate or article and bed. 

the flow of the current is raised in tem 
perature, heating the lower part of the 
plate and annealing the same, while the 
hardening materials contained in the bath, which may be vanadium, tungsten or 
molybdenum, combine with the surface to 
harden the same. 

It may here be observed that the word 
"bath' as employed in the present specifi 
cation is intended to cover the application 
of hardening material in any form to the 
surface, whether applied directly or through 
the medium of a liquid, gaseous or solid con 
Veyer. I have found, however, that a fluid 
bath, either liquid or gaseous, is more de 
sirable, as the hardening elements can be 
more uniformly distributed through the 
Sae. 
The process is described in detail in the 

accompanying specifications and drawings 
together with various apparatus which may 
be used to carry out the same. Referring to the drawings, Figure 1 is a 
vertical Section through one form of appa 
ratus for treating armor plate. Fig. 2 is a 
vertical section through an alternative form. 
Fig. 3 is a transverse section through a 
modified form adapted to treat rails to 
harden the tread surface thereof. Fig. 4 is 
the apparatus of Fig. 3 in which a bath of 
granular substance is employed. 

In the drawings, like letters of reference 
indicate corresponding parts in each figure. 

Referring, first, to the apparatus illus 
trated in Fig. 1, the steel plate A is located 
Within a casing B of suitable conducting 
material, preferably metallic, and held in 
Suspension therein, by suitable supports a 
and b of non-conducting material. The 
space around the bottom and part way u 
the sides of the plate is filled with a bed 
of material adapted to afford resistance to 
the passage of an electric current and of 
Such a character as will not carbonize the 
Surface of the plate, when raised to the an nealing temperature during the carrying out 
of the process. 

It has been found that hematite, magne 
tite or carbon in the form of coke, or a mix 
ture of these substances is the best material 
to employ to form the bed, but it is evident 
that many other substances exist, which pos 
sess the necessary properties. 
The bed extends about one-third or one 

55 The granular material offering resistance to half way up the sides of the plate and the 
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remainder of the sides are protected from article is bedded on the electrical conduct the heat by a surrounding band of heatin 
sulating character. In the embodiment illus 
trated in Fig. 1, this band is formed of a 
wall D of fire brick preferably externally glazed. 
Above the plate A a plurality of elec 

trodes E are provided, suitably supported, 
as from a plate F and insulated therefrom. 
In the embodiment illustrated in Fig. 1, 
means are provided for forcing the plate F 
downwardly to exert a pressure on the bath, 
which bath, in this case, may be in the form 
of gas. These means comprise a hydraulic 
piston and cylinder G of suitable and well 
known construction, connected to the plate 
F. A valved conduit H extends through the 
portion of the said wall above the plate to 
permit of the introduction of the gas or 
liquid adapted to form the bath at the to 
of the plate. The electrodes E are all unite 
by suitable conductors c and d, which lead 
to one side of a dynamo, or other source of 
electrical power, the opposite side of which 
is placed in communication with the bed C. 
This may be accomplished by connecting the 
said source of power directly with the cas 
ing B, but, if desired, and as shown in Fig. 
1, plates e, if and g may be provided on the 
inside of the casing, which are connected to 
conductors h, , and i. 
To prevent over-heating of the casing,B, 

water circulating coils k may be provided 
therein, the different parts of the coils ex 
tending around the heat insulating bands 
and the remainder of the sides being prefer 
ably, separately controlled. 
In the form of apparatus illustrated in 

Fig. 2, the heat insulating band is in the 
form of a dead air space l, provided around 
the upper portion of the sides of the plate. 
The conductor m is connected directly to the 
casing B and the hydraulic piston and cyl 
inder are omitted. The bath, shown in the 
form of a liquid, is introduced through the 
valved conduit, H. 
In the embodiment illustrated in Fig. 3, 

two blocks I and J of heat insulating ma 
terial, such as fire-brick or fire-clay, are 
formed and adapted to extend around the 
upper part of the sides of the rail, and the 
inside of the upper part of the casing B, and 
being centrally recessed, whereby a basin 
K will be provided on top of the rail to re 
ceive the bath. The bath in this case, is 
shown in the form of a liquid and the cover 
L resting on the liquid forms one of the elec 
trodes to which the conductor to is con 
nected, the opposite conductor p being con 
nected directly to the casing B. 
The form of apparatus illustrated in Fig. 

4 is the same as that shown in Fig. 3, only 
a granular bath is shown in place of the 
liquid one. 

n carrying out the process, the plate or ened, the temperature gradually decreases 

ing and resisting material, the bath is 
formed on the surface and the current sent 
through the bath, plate or article and bed. 
The resistance offered by the material 

forming the bed will raise the lower part of 
the plate to a moderate heat and care must 
be taken to always keep the temperature be 
low the critical temperature of the particu 
lar steel being worked, whereby the absorp 
tion of any carbon by the steel will be pre 
vented and its original properties will be 
untouched. To do this with ordinary steel, 
it is necessary that the maximum tempera 
ture should not go much over 560° C. and 
if there is a tendency for the plate to heat 
over this temperature, it will be necessary 
to use the water circulating coils illustrated 
in Fig. 1 to reduce the temperature. Should 
it become necessary to work a steel at a higher 
temperature than about 550°, it will be nec 
essary in manufacturing the steel, to incor 
porate such materials as will raise its critical 
point below atmospheric conditions. This 
can be done by alloying the steel with vana 
dium, tungsten or molybdenum. 
The bath on the surface of the steel to 

toughen and harden the same may be either 
in the form of a liquid, a gas or a granular 
or solid mixture, and will contain various 
hardening elements, such as nickel, chro 
mium, Vanadium, carbon, tungsten or mol 
ybdenum, either alone or in combination. 
The liquid or gaseous bath, however, is most 
desirable as it insures a more uniform dis 
tribution of the hardening elements. 
The form of apparatus shown in Fig. 1 is 

that which would be best adapted for util 
izing a gaseous bath applied under pressure, 
such as carbon monoxid. If this gas were 
used under pressure, the electric current 
passing through it would form arcs on the 
surface of the steel and would cause the gas 
to give up carbon to the steel, thereby hard 
ening and toughening the same. 
The liquid bath may be farmed of a car 

bon carrying oil and may contain various 
hardening metals before specified or salts of 
them. The hardening bath might also be 
formed by placing the hardening elements 
on the surface of the steel prior to the pas 
sage of the electric current and on passage 
of the same arcs would be formed on the 
surface of the steel fusing or heating hard 
ening elements and thus incorporating them 
with the surface of the steel. 
The temperature of the steel will gener 

ally, be a maximum at the surface in cont 
tact with the hardening bath, being raised 
to this temperature either through the direct 
heat of the electric arc, or through the bath, 
the temperature of which is raised by the arc 
playing on it or the electric current passing 
through it. From the surface being hard 
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to the opposite surface in contact with the 
heated bed of material, whose temperature 
is below the critical temperature of the steel 
as herein explained. 
The process is continued in operation un 

til the steel has been deemed to have ab 
sorbed sufficient of the hardening materials 
and the electric current is then shut off 
and the steel preferably, allowed to cool gradually thereby providing against the 
tendency to change its physical properties. 
The intensity of the action can be regu 

lated by the density of the current and by the period of exposure. The hardening and 
toughening of the plate will be gradual, 
working from the surface downward and 
the depth of hardening can be controlled by 
the heat of the material of which the bed is 
formed. 
By this method, a plate or article will be 

obtained which will be extremely hard and 
fough on the surface, but will become more 
uctile and malleable and possessing a 
greater degree of elasticity as the back of 
the plate is reached. 
The means for exerting a pressure shown in Fig. 1, may be used with a liquid or solid 

as well as a gaseous bath, the effect being to 
force the hardening element into the metal 
and facilitate their amalgamation. It 
might also be observed that when the granu 
lar or Solid form of bath is used, it is not es 
sential that the arcs should actually fuse the 
hardening elements, as experience has 
shown that absorption will take place on the 
part of the steel, even when the temperature 
is considerably below the fusing point. It 
will therefore, be understood that the bath 
of hardening elements might simply be 
heated by the passage of electric current or 
by the arcs directed against the same. 
What I claim as my invention is:- 
1 A process of treating metallic surfaces 

which consists in applying a fluid bath con 
taining hardening elements to the surface 
and passing an electric current through the 
fluid bath and the plate, said bath being in 
a fluid state before the current is applied. 

2. The herein described process of hard 
ening metallic plates or articles, which cori 
sists in bedding the plate or article in granu 
lar conducting material, applying a hard 
ening bath to the exposed side of the plate 
or article while insulating the bath from the 
bed, and passing an electric current through 
the bath, plate or article, and the bed. 

3. The herein described process of treat ing metallic plates or articles which con 
sists in embedding the plate or article in 
granular conducting material, applying a 
bath to the surface containing hardening 
metals, and passing an electric current through the hardening bath, the plate or 
article, and the conducting material. . . . 

3 

4. The process of treating previously 
formed metallic plates or articles which con 
sists in bedding part of the plate or article 
in a material which affords resistance to the 
passage of the electric current and which 
will not combine with the metal of the plate 
or article, applying treating substances to 
the surface EF the article and passing an 
electric current through the treating sub 
stance, plate or article and bed of resistant 
material. 

5. The herein described process of treat 
ing metallic plates or articles which consists 
in bedding the bottom and part of the sides 
of the plate or article in material adapted 
to afford resistance to the passage of an 
electric current and to be heated thereby the 
said material being of such character as not 
to combine with the plate or article, apply 
ing a bath containing hardening materials 
to the exposed surface of the plate or article, 
suitable insulation being provided on the 
sides of the plate or article between the bath 
and the bed, and then passing an electric 
current through the bath, the plate or arti 
cle and the bed. 

6. The herein described process of treat 
ing metallic plates or articles which consists 
in embedding the plate or article in granular 
conducting material which will not combine 
with the metal of the plate or article, apply 
ing a hardening bath to the surface and 
passing an electric current through the 
hardening bath, the plate or article and the 
conducting material. 

7. The herein described process of treat 
ing metallic plates or articles which consists 
in embedding the plate or article in hema 
tite, applying a hardening bath to the sur 
face and passing an electric current through 
the hardening bath, the plate or article and 
the conducting material. 

8. The process of treating a metallic sur 
face to harden the same, which consists in applying a hardening bath under pressure 
to the surface and passing an electric cur 
rent through both the bath and plate or 
article being treated, whereby both the bath 
and plate or article will be heated by the 
passage of the current. 

9. The herein described process of treat 
ing metallic plates or articles, which consists in embedding the plate in electrically con 
ducting and resisting material, applying a 
bath to the surface containing hardening 
metals, and passing an electric current through the hardening bath, the plate or 
article and the conducting material. 
In witness whereof I have hereunto set 

my hand in the presence of two witnesses. 
JAMES HENRY RED. 

Witnesses: 
RUssEL S. SMART, 
WM. A. WYMAN. 
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