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To all whom at may concern: .
Be it known that I, FEperico GroLIrTi,
doctor of chemistry, a

~of Italy, and a resident of Rome, Italy,
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have invented certain new and useful proc-
esses for manufacturing armor plates for
protecting ships and other steel object or
objects made from an alloy of steel, of
which the following 1s a specification.

The present invention relates to the man-
ufecture of armor plate for ships which
owing to a particular homogeneous temper-
Ing possesses various degrees of hardness
and tenacity -in its various layers; these

layers having a determined thickness and

position varying® in each particular case
according to the special use for Whl(‘h the

armor plate 15 Intended.

It is clear that owing to the special struc-
ture of the plate having layers of different
kinds of steel which on being subjected to

~ the same treatment receive very different

3]
~to the composition of the plate and the
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degrees of hardness, according to their dif-

ferent composition, 'the plate under the ac-
tion of homegeneous temper will not get
uniformly hardened everywhere, but each of
its layers, on the contrary, will assume dif-
ferent mechanical properties depending
upon 1its peculiar composition. This 1s the
characteristic feature which distinguishes
this peculiar plate from a homefreneous
plate, when hardening 1is carried out in 2
homogeneous way.

In the accompanying drawing 111uetret-—
mg diagrammatically the invention, Figure

1 shows a plate having two zones on each
side; and Ihg. 2 shows a plate having one
zone on each side.

It 1s easy to understand that once the
heterogencous plate formed of successive
layers of various compositions has been thus
obtained, a simple homogencous hardening
i water, oil and the like, according to the

speelal eempemtmu of the plate, effected at

according

n sultable temperature varying

cifects 1t 15 desired to obtamn from the
hardening i the various cases, will produce
the mechanieal properfies more particu-
Lnrl‘}? desired to be oblatned. '

[lw esult is uitained by making the plate

» that it is formed by two or more succes- |
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subJect of the Klng

| contiguous layers.
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sive leyels of steel of different composi-

tion, either as regards the proportion of
carbon contained 1n the different layers, or
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by the presence of one or more metals form-

ing alloys with the steel. These layers are

arranged so that the layers formed by the

various ternary or quaternary steels (suit-
chosen as regards. their composition
and the order of thelr succession) prefer-

ably
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ably alternate with intermediary layers of -

ordinary carbon steel.

molybdenum steels, and for limited zones

the uranium steels; the most, desirable AMong

the quaternary steels being the nickel-

chrome and chrome-tungsten of different

proportions.
The process does not consists merely in

forming a compound plate by uniting (either

The ternary steels
which are most suitable for this purpose
‘are the chrome, the nickel, the tungsten, or 65
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by casting or by welding) separate plates

as such process was known long ere this,
but in producing, by means of the .treat-

ments described, the diffusion of one or sev-

eral of the elements of each layer toward

the adjacent portions of the other layers.

Where the continuity of the interior heter-—
ogeneous structure of the plate 1s necessary
it may be effected by means ot suitable me-
chanical and thermic manipulations by
reason of the diffusion (greater or less as de-
sired) of the clements of each layer with
When passing from one
surface to the other of the plate, ‘sudden va-
riations in the composition and consequently
in the mechanical and chemical properties,
especially, as regards the property of har-

‘dening are not encountered ; on the contrary,

these variations take place eradually, one
zone merging into the other. Furthermore

this diffusion can give new layers having

consequently new properties erther mechan-
ical or as regards the temper. If for ex-
ample the reciproeal diffusion is effected be-

tween two layers of ternary steels differing

from each other as regards the metal char-
aclerizing them, there will be formed an in-
temmlmw mne i)ll%l%flnﬂ" ei‘ a qlmteul‘lry

mg Iw o Lo :111115 steels b{tween which 1t

is formed.
The mechanical manipulations to which
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the heterogenequs plate formed in this man-
ner, as referred to above, should be sub-

~ mitted is of great importance for the suc-

ecessful manufacture of the

10

“the said manipulations being

: _ plate. These
manipulations are the ordinary manipula-

‘tions of the hammer, the press and the rolls,
chosen, and -

/

suitably alternated among themselves and
the thermic processes, according to the char-
acteristic propertics of each of the steels
forming the different layers. These manipu-

lations may be effected either directly on an |

“ingot of the same heterogeneous structure

15

“which the finished plate 1s to possess, or on
separate sheets or plates destined to form

- the armor plate, by obtaining or not, accord-

ing to circumstances, the reciprocal pene-
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tration by means of mechanical and thermic
manipulations to which the armor plate 1s
then to be submaitted. ) | o
Press, rolls and hammer are employed as
in all metallurgical processes in order to 1m-
part to the pleces a determined form and

f

render their structure more compact. Thelr

action has also the effect of rendering the
diffusion of the elements at the respective

adjacent portions much more complete than
that which could be obtained by heating
alone. -

In the first instance the heterogeneous in-
oot in question will be obtained by casting

at distinet periods as regards the temper-

ature and the composition. The variations
of the composition may be attained, accord-
ing to circumstances, either by suitable ad-

 ditions during the different phases of the
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same manipulations, or by distinct prep-
arations. Obviously the whole manipulation
should be effected in a reducing atmosphere,
furthermore it may often be necessary to use
a suitable reducing agent and a suitable

oxidizing agent.

The temperature cannot be indicated be-
forehand for all cases, because the condi-
tions on which they depend vary with the
composition of the steel; but they can be ex-
actly calculated for each particular case by
well known methods, because the condifions

in question are known or can be easily de-

ﬂ_-

termined for each-steel of a given composi-
tion. The most important point of the ma-
nipulation is to determine the suitable tem-
perature because the exact penetration of

~ the various component elements of the struc-
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ture of the plate depends precisely on the
temperature. |
As an example may be mentioned a cast-
ing effected in two periods of the manner
indicated, of an ingot consisting of ordinary
steel having 0.5 to 0.6% of carbon, and a
chrome steel havin
and a proportion of carbon greater by 0.3 to
0.5% than that which, for the proportion of
chrome given, corresponds to the maximum

3 to 7% of chromium

I
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' In this particular instance the first phase of

the casting will be effected at the ordinary

temperature of fusion of the carbon steel
- mentioned above, whereas the second phase
- will be maintained very hot.

- A prolonged reheating after cooling oi
the casting at a temperature above that of
the first critical point of the chrome steel
chosen, will serve to effect by diffusion, the
homogeneousness of the ingot. =

As has just been stated. the same structure
of the mass of steel may also be obtained by
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separate castings and the successive reunion

of the pieces obtained as well as by the or-
dinary manipulations by the hammer, the
press and the rolls, alternating with thermic
manipulations capable of enhancing the

diffusion of the carbon and of the various

metals forming the alloys of steel. These
thermic manipulations should be effected at
a temperature below the last critical point of
the steels employed.
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‘In certain cases and for certain special
steels (as for example the tungsten steels) a

part of the casting may be effected at a high
temperature; which can be obtained by using
a sultable electiic furnace.

Similar considerations serve to determine

the temperature in the series of the reheating
operations constituting the thermic manipu-

lation of the finished heterogeneous plate,

mentioned above, and designed to produce by

. reciprocal diffusion of the carbon and the
various metals—or even independently of

the said diffusion—the intimate union of the
various parts of the plate necessary for ef-
fecting 1ts compactness.
Some of the layers may
dinary
capable of being hardened, although at a
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be formed by or- R
carbon steel and consequently be -
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less degree, according to the proportion of

carbon they contain. Other layers on the
contrary may be formed by ternary or
quaternary steels and be consequently capa-
ble of tempering, in the most varied manners
from steel with negative temper, which are
softened by the temper, to those which at-

110

tain the maximum hardness and tenacity,
passing through all the intermediary grad-

uations including those of the steels which

are unaffected by the hardening..

For the purpose of giving a special exX-

“ample of this, one may mention a plate con-

taining a quatérnary zone of chrome tung-
sten having 12 to 13% of tungsten, 0.5 to
0.7% of carbon and about 2 to 4% of
chromium and small quantities of: man-

“ganese; this piece strongly hardened may be

softened and rendered tenacious in 1ts mass
By a reheating below 600 degrees (. whereas

it will preserve the temper in the zone ot the

proceeding composition.

Very often the preliminary hardening may

be followed by a suitable reheating and by

proportion in the case of a “ pearlitic” steel. | a second hardening at a different tempera-
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ture, but always simply homogeneous and if
necessary also by a third or fourth series of
similar operations sometimes accompanied
by wvarious mechanical manipulations and
serve to 1mprove the mechanical or chemical
property of the metal. -

The properties of the plates thus obtained
can be made to still further vary among
themselves 1f, besides the hardening prop-
erly so called, a reheating at very high tem-
peratures 1s employed varying according to
circumstances, then following this by a more
or less rapid cooling down, but less sudden
than that which can effect the hardening
properly so called. This ulterior manipula-
tion 1s precisely that which 1s best adapted to
the first special example referred to above.
The principle of the invention can be ap-
plied also to the production of any other
steel casting in which it may be advan-
tageous to obtain various mechanical and
chemical properties in the various parts of
the pilece by means of one or several simple
homogeneous hardenings.

In the structure indicated in Fig. 1 the
plate A has two zones &’ and a* at one side
that merge 1nto each other and into the cen-
tral portion. On the other face are two
zones a® and «* that also merge into each
other and into the central portion.
represents a plate having a central portion
B with two zones & and 62, that merge into

- the central portion.
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Having thus described my invention, T
claim :

1. The process of forming compound
plates or other articles of steel consisting in
taking an article formed by molecularly
uniting at their contiguous faces several
plates of ternary and quaternary steel, and
subjecting them to a heat treatment at a tem-
perature below fusion for a period of time
to cause diffusion of the characteristic me-
tallic steel component, whereby a zone or
zones are formed at the junction of the siid
plates possessing properties different from
either of the plates themselves.

2. The process of forming compound
plates or other articles of steel consisting in
taking an article formed by molecularly
uniting at their contiguous faces several

| plates of ternary and quaternary steel ar-

anged m alternating strata, and subjecting
them to a heat treatment at a temperature

- below fusion for a pertod of time to cause

diffusion of the characteristic metallic steel

~component, whereby a zone or zones are

formed at the junction of the said plates
possessing properties different from either
of the plates themselves.
In testimony whereof T aflix my signature
In presence of two witnesses.
FEDERICO GIOLITTI.
Witnesses:
(. B. ZeMmArpo,
KERrNEST SANTI.
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