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No Drawing.

To all whom 4t may concern:

Be it known that I, Feverico Grovrrrr, a
subject of the King of Italy, and residing at
No. 35 Via Palestro, Rome, Italy, professor
of chemistry, have invented certain new
and useful Improvements in the Manufac-
ture of Cemented Armor-Plates and other
Articles of Steel or Alloys of Steel, of which
the following is a specification.

This invention consists in improvements
in the manuafacture of cemented armor
plates of steel and alloys of steel (herein-
after included in the term “stecl™) for
ships and other uses.

The methods employed hitherto for intvo-
ducing carbon into a mass of steel or iron
by diffusion without melting the metal
(which method is designated by the generie
name of “cementation”) may be divided
into two distinct types.

The first type consists in heating the iron
or steel article to be cemented, to a suitable
temperature (usually in the neighborhood
of the melting point of cast iron) and in
pressing against one or more surfaces of
the said article a mixture of solid sub-
stances (such as various organic substances
or cyanids, ferrocyanids, ete.), in the pow-
dered or granulay form containing carbon ju
the free state or in the state of unstable com-
bination. :

The second type consists in heating the
steel or iron avticle to a high temperature,
without melting i, in an atmosphere of
various carbureted gases such ag saturated
and non-saturated gaseous carbids of h ydro-
gens vapors of volatile carbids of Liydrogen,
with or without an admixture of nitrogenons
substances, ete.

In the methods of the second type (cemen-
tation by means of gas) employed hitherto,
the influence of temperature on' the speed of
diffusion and penctration of the carbon in
the mass of solid metal is taken into con-
sideration, and certain limiting temperatures
have been determined between which the
diffusion takes place most rapicdly. Those
methods however do not simulty neonsly take
into consideration another very important
factor, namely the pressure of the carbivet-
ing gas,

Now the improved process forming the
subject of the present invention is basad on

Specification of Letters Patent,
Application filed August 31, 1908.

Patented ¥ay 9, 1911,
Serial No, 451,051,

the employment of determined pressures of
the carburcting gas relatively to the tem-
perature at which the cementation takes place
and to the chemical nature of the gases or
‘apors employed in the cementation process.

The improved process consists substan-
tially in heating the article to be cemented, in
a gaseous carbureting medivm under a vela-
tively high pressure at a relatively high
temperature.

By sunitably selecting pressures velati vely
to the temperature of cementation and the
chemical nature of the gases or vapors em-
ployed in the cementation process (and also
velatively to the nature of the solid car-
bureting substances which may be employed
with the gases and vapors), the duration of
the cementation process can be considerably
shortened, or a deeper penetration of the car-
bon can be obtained in the same time.

Generally the speed of the penetration of
the carbon into a mass of iron or steel, or
what is equivalent thereto, the depth io
which the carbon penetrates during a de-
termined length of time into the mass, in-
creases considerably with an increase in the
pressure of the carbureting gas, provided
that the inerease in pressure is accompaiied
by a suitable variation of the temperature at
which the cementation process takes place.
This is effected by raising the temperature
when the reaction of ‘the decomposition of
the carbureting gas (when the gas gives up
carbon to the steel) 1s endothermic, and by
lowering ‘the temperature when the reaction
is exothermic. All this applies to eases in
whick the decomposition of the eavhureting
gis ov vapor tukes place with a diminution
of volume.

In cases in which the decomposition is
attended by an increase of volume, all the
above relations must be reversed.

In general, v very grent advantage will
be obtained by effecting the cementation in
an atmosphere of carbubeting gases or
vapors under a higher or Tower pressure
according to the nature of the said gases
or vapors, provided that the temipera(nre is
varied at the same time in accordunce with
the above stated rules.

The following example is
obju i of illustrating the
formung

given with the
¢ manner of per-
this invention.” It is assumed thut

55

60

66

70

80

90

100

105



e 60

it is desired fo “cement”’ by means of ecar-
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bon monoxid-a mild steel of approximately
the foIlowing composition :— f » .
- Carbon-__:._. 0.1 to 0.2 per cent.
Manpganese.__ 0.2 “ 0.4 ¢ ¢

Phosphorus._... 0.02% '0..04 “oou
Silicon.___.. traces. ‘
Sulfur..__... traces.

Now the, reacﬁion expressed by. th‘eA eqlia-‘

tion 2C0=CO0,-+C according to which the

carbon monoxid gan give up one half of ifs

carbon to the steel, is endothermic,’and it-is

attended by a diminution in the volume of-
5 the gas. Therefore the cementation,” will
be effected more quickly by increasing: the
pressure of the gas, provided that in accord- -
ance :with the above stated rule; the tem:.
' i 1 stices of their rnass. ~These substances, be- .

perature is raised at the sime time. Comnse

quently, while ceméntation with carbon mon- "

oxid at the ordinary pressure, is carried out
with advantage at a temperature of from

.850 to 1000 degrees C. if the process be car-.
vied out at a pressure of say, over four at-’

mospheres, the temperature raust be in-
creased to about 1100 degrees. C.- Under
_these conditions of temperature and pressure

- it is easy to obtain in less than 12 hours,
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* highly carbureted layer which.is obtained
. during’ the game periéd of time does not

38

in.a steel of the abovs specified composition,

1,072

the above stated rule, it-is possible to obtain
zones of different degrees of carburation in
| the different successive layers. »

The improved process produces still better
results if the steel articles that are subjected
to the action of carbureting gases and va-
pors under pressure (at a temperature de-

immersed totally or partially in-a mixture
-of granulated or powdered.carbureting sub*
‘stances (such as animal charcoal, vegetable
eharcoal, potassium ferrocyanid, cyanid, etc.,
| employed separately or mixed together) ca-
- pable of reacting or not reacting with the
carbureting gas or vapor. ‘These solid sub-
stances must, be suitably ‘pressed upon the

the gases to pass freely through the inter-

‘sides exercising -their carbureting. power
which i§ either inhérent in them, or arises

‘also the function of facilitating the.trans-
faission'of heat to the masses of steel. . Thus
for instarice, in_ the ‘particular case hersein-
before described, the combination attains in
a given time a maximum dépth when the
| steel articles to be “cemented?” 'are sur-

rounded by a coarse péWdei‘,"’éomgidséd ofa. -

‘s Highly carburetéd layer having a depth of
8 to 9 millimeters, whereas in operating at .
the ordinary pressure the depth of ~the

‘amd 40 per cent. of -

exceed 2 to 8 millimetgrs. - Then by alter-
nately increasing and diminishing. the. pres-
sure and temperaturd)suceessive layers may

" be produced having a greater or -less degree
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of carburation.

As the intensity of the carburation. in-
creasés with the increase of the temperature
and pressireg, and as the diffusion of the
carbon toward thé interior of the article to

be cemented procegds continuously every

time-that the temperatiré or the pressure is.
‘-~ raised, this will produge on the outside of
-the article a more strongly. carburized layer

' /which then slowly:diffuses’ toward the in-

50,
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terior-and may be dollowed by a less car-
;. burized layer, 1f the temperature or the pres-

sure, or both, be lowered, ;) = .

_ The advantagesiobtained by this invention
may be classified under/three heads, namely:
First. The considerable- shortening of the
‘time necessary for effecting cementatiop to
‘a'given depth, which répresents a great sav-
ihg in time, labor, ete.’ Second. By remain-

1ng exposed-to-a high temperature during a

* much shorter period the' steel is much less
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. treatmient. Third. By suitably varying the .

&5

Linble .to. undergo ‘the deterioration of its

- - physical and~mechanical - properties which-

always accompanies much thermal treatment
and which must be corrected by subsequent

pressure. and the temperature accordin‘g to

£ vegetable charcoal’

mixture of 60 per cent;
iimal ‘charcoal con-

tained in the cementing.pox, in si ,
ner as to fill the spaceleft unoccupied by
the steel articles; but so 4s to allow.the cax-
bon monoxid under pressure to pass with
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termined in the manner above stated), be
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:articles to be “ cemented ¥, but so as to allow

85

from their reactions with the gases, have
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adequate ease through the interstices of the :

powder. . - _

. Having thus described my invention what

T claim as new and desire to secure by Let-

ters Patent igh—. . T
i. The improved process of cementation

of armor plates. or other drticles of steel,

105

which consists in ‘heating the article in a- .

gasedus carbureting medium at a tempera-
ture which is higher the more endothermic
the cementing reaction;. and-under a rela-
tively higher pressure which is higher the
greaten the diminution produced by ‘said re-
action in the volume of the gaseous medium,
said.temperature and pressure being directly
dependent on dach other, so that when the
temperature is increased the pressure must

also be incressed, and vice yersa..

2. The improved process of cementation
of armor plates or: other articles of steel,

-which consists in heating’ the steel article

o}

1€
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in the presence of a granular carboniferous '
material through which & cirrent of carbu-

reting gaseous mediuim is caused to:circulate
at a temperatire whit
endothermic’ the’

mgnting: reaction, and

.under a relatively high.préssure which is.

higher the greater the;diminution produced
by said reaction in the volume of the gase-

ous medium, said témperature apd pressure

h'is highier the more*
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being divectly dependent on each other, so
that when the temperature is increased the
pressure must also be increased, and vice

Tversi.

3. The improved process of cementation

‘of armor plates or other articles of steel,

whichr consists in heating the steel article in
a curtent of gaseous cavbureting medium
under a pressure exceeding four atmospheres
at a temperature of about 1100 degrees centi-
grade. . ‘

4. The improved process of cementation
of armor plates or ‘other articles -of steel,
which consists in heating the steel article

surrounded by a coarse powder composed of 15
a mixture of 60 per cent. of vegetable char-
coal and 40 per cent. of animal charcoal
in a current of carbon monoxid under a
pressure exceeding four atmospheres ai u
temperature of about 1100 degrees centi-
grade.

In testimony whereof, I affix my signa-
ture in presence of-two witnesses,

FEDERICO GIOLITTI.

=

Witnesses:
G. B. Zarazno,
G. Bizzaxr.




