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2 Claims,

The present invention relates to the hardening
of finished steel parts to the depth of several
thousandths of an inch by causing the penetra-
tion of nitrogen into the steel parts, Nitriding
of steel may be carried out at from 900° F. to
1200° P, and thus is accomplished at temperatures
well below the critical point of steel and the
danger of distortion of the parts is thus avoided.

The figure of the drawing illustrates diagram-
matically one form of apparatus for carrying out
the present invention, ’ .

The present, invention is carried out in a sealed
pot under pressure with the parts being treated
submerged in a suitable salt bath, through which
anhydrous ammonia is bubbled under pressure
during the treatment.

The parts being treated are preferably made
from alloy steel, and more especially a. steel alloy
particularly adaptable to nitriding, as for exam-
ple, steel known as “Nitralloy,” which is an alloy
of steel with nickel, chrome, molybdenum, and
aluminum, It is to be understood that this in-
vention is applicable to any metal that may he
nitrided. The particular steel used in the opera-~
tions, on which the data herein given are based,
was a type of “Nitralloy” commercially designated
as type No. 135, and is steel containing carbon
38% to .45%; manganese 40% to M10%:; alumi-
num .95% to 1.35%; chromium 1.40% to 1.80%;
and molybdenum .30% to .45%. ,

The salt baths which are preferred to carry out
the present invention are salt baths containing
cyanide, preferably potassium, calcium, or sodium
- cyanide, and other salts to make up a bath that
operates at the desired range of temperatures.
The preferred bath is one made from the com-
bination of potassium chloride 15%. to 30%; so-
dium cyanide 20% to 50%; sodium carbonate 159
to 30%; potassium carbonate 15% to 30% ; sodium
fluoride 2% to 10%. The particular preferred
bath used in the present case is & bath compris-
ing potassium chloride 20%, sodium cyanide 36%,
sodium carbonate 20%, potassium carbonate 19%,
and sodium fluoride 5%.

The pressures used in the pot where the parts
are submerged in the molten salt bath may Vary
from one inch water column pressure to one
hundred and fifty pounds per square inch. In
the present case the pressure used was from one
inch water column to one hundred pounds to
the square inch, and the anhydrous ammonia gas
was introduced through an iron pipe extending
to the bottom of the pot so that the gas bubbled
up through the hot liquid bath and the excess

10

15

20

25

30

35

40

45

50

§23, which was largely composed of hydrogen, 55

nitrogen and undecomposed ammonia, was car-
ried away through an exhaust pipe. The amount
of gas used in a given time may vary with the
size or volume of the salt bath, but it appears to
be sufficiently supplied if the amount supplied is
such as to maintain the bath constant, i, e., where
the bath at the termination of the treatment
period is of the same chemical materials in sub-
stantially the same proportions as at the start
of the operations, with the exception, that some
carbon may be found in the bath as & result of
the reaction of the anhydrous ammonia with the
chemicals of the salt bath. This end is attained
where the ammonia gas is kept bubbling through
the salt bath during the treatment period.

The temperature in the pot was maintained at
approximately 975° F, to 1000° F. and the “Nitral-
loy” steel parts, while submerged in the salt bath
specified, were treated for'ten hours, then cooled
gradually in air without quenching, The result
was the nitriding of the parts to-a’depth of about
fourteen thousandths of an inch with a hardness
of from 89 to 93 Rockwell superficial “N” scale.
This compares with the nitriding of the same
material for forty to sixty hours, in a muffle fur-
hace, including the cooling eycle. It was thus
seen that by the use of the present invention the
hitriding was accomplished in one fifth or less
the usual time, :

Referring now to the drawing, wherein is il-
lustrated diagrammatically one form of apparatus
for carrying out the present invention, the work
{, being treated, is supported, as by a basket 2, in
the salt bath 4, within the pot 8, which may be
the usual iron pot used for salt baths. The salt
bath 4 may be heated from 900° F. to 1200° F. in
any manner common in the art, as for example,
electrically, by gas, or oil (the particular means
for heating the bath forms no part of the pres-
ent invention), and is llustrated as being heated
through the pot § by gas burners 6 which ex-
tend into the heat chamber 7 from which the
products of combustion are carried away by a
fiue 8. ° A header 8 may be placed over the pot
5 and a sultable cover 10 may be sealed over the
header 9. All joints are sealed against pressure
by suitable gaskets.” A pipe I1 carried by the
header extends downward near the bottom of the

pot § and is connected by a line of piping 12 with

& pressure tank 4 containing commerciaj anhy-
drous ammonia gas. A valve (5 may control the
exit of the ammonia gas from the tank {4 and
may lead to & motor driven (preferably electric)
compressor {6. This compressor 18 may be used
to increase the pressure of the ammonia’ gas
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where the pressure from the tank 14 1s not suffi-
cient to produce the pressure desired in the sealed
pot 5. An adjustable reducing valve {7 main-
tains the pressure in the pipe line to the pot at
the desired amount. An inlet flow meter:18 mav
be provided to show the amount of gas being
used during the nitriding of the work, and a pres-
sure gauge 19 shows the pressure of the ammonia
gas being fed to the pot. An exhaust pipe line
20 leads through the header 9 to the interior of
the pot 5 and may conduct the exhaust gases from
the put 5 to atmosphere or other disposal me-
dium. A valve 21 in this pipe line 20 may be
partially closed to maintain the desired pres-
sure within the pot 5, and a pressure gauge 22
shows the pressure between the valve 2{ and the
pot 5. Ordinarily the pressure gauge 19 in the
inlet pipe line 12 and the pressure gauge 22 in the
exhaust pipe line 20 will have somewhat similar
readings except for the resistance to the incom-
ing gas by the consistency and head of the salt
path 4 through which the gas Is being forced, and
the outlet flow meter 24 shows the volume of
exhaust gases. A suitable safety valve 25 may
be provided to insure that excessive pressure will
not develop within the sealed pot.

A test gauge 26 is mounted in the exhaust line
whereby the exhaust gases may be tested from
time to time, at intervals, preferably, of one hour
each during the operation of the pot. Normally
the two-way valve 27 is set as shown in the draw-
g to cause the exhaust gases to fiow around the
test gauge 26 by going through the by-pass 28,
with the valve 29 closed. The exhaust gases flow
through the ball check valve 30 to and through
a water filled scrubber 3, then to and through

the outlet flow meter to the final point of dis--

posal. The ball check-valve 30 prevents any pos-
sibility of drawing water from the scrubber 3{
pack into the pot and causing an explosion in
case, if for any reason, & negative pressure should
develop in the pot. :

When .a Lest is to be made while the anhydrous
wmimmonia is bubbling through the salt bath In
the pot, the two-way valve 21 is turned counter-
clockwise to close the by-pass 28 and admit ex-
haust gases to the test gauge 26 as the exit valve
32 is opened and the valve 29 is closed. When
all the air is expelled from the test gauge 26 and
this gauge is filled with exhaust gases, the exit
valve 32 is closed and the two-way valve 21 is
turned clockwise to seal the test gauge 26 and
open the by-pass 28 to permit free flow of the
exhaust gases through the by-pass 28. Thus the
test gauge is filled and sealed, full of the exhaust
gases. The water valve 34 is now opened. and
water from the font 35 falls down, through the
pipe 36, into the test gauge 26. The free anhy-
drous ammonia is quickly absorbed in the water
and the water rises in the test gauge 26 until it
is stopped by the trapped gases that are not
quickly or easily absorbed by the water. The test
gauge 26 is provided with a suitable scale 37 on
which a reading of the water level in this gauge
may be taken. From this reading the operator
may determine the amount of anhydrous am-
‘onia gas being required to nitride the work and
may also -détermine if there is excessive waste of
this anhydrous ammonia gas. Comparisons of
successive readings may also enable determina-
tion of ‘the stage of nitriding of the work being
treated. At the conclusion of each test reading
from”:he test gauge 26 the valves 32 and 34 are

obenid to permit the water to run off and then
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valve 34 is closed and the font 38 is filled with
fresh water.

The several meters, valves and gauges give
the operator complete control of the entire proc-
ess, and full information of the progress of the
treatment of the work.

Nitriding of the parts being treated appeais
to take place at the same rate and in the same
amount regardless of whether the parts are in
the path of flow of ammonia gas bubbling through
the bath or remote from this line of bubbles.
Where salt baths containing cyanides were used,
the gases emitted from the exhaust pipe 20 are
predominantly hydrogen, and the composition of
the baths 4 do not appear to substantially change
from the beginning to the end of the operations.
Also the application of pressure speeds up the
nitriding operation. These facts lead to the con-
clusion. that the cyanide in the salt bath, being
in intimate contact with the work, and the batn
being very liquid when heated to Yuv® P, or higher,
appears to break down and enables the nitrogen
from the cyanide to peneirate the steel parts.
The anhydrous ammonia gas bubbling througn
the hot liquid bath seems also to break-down and
the nitrogen from this gas appears to reform the
cyanide tnat has been broken down. 'L'his prob-
ably releases hydrogen molecules from the gas
and thus accounts for the hydrogen that is ex-
pelied through the exhaust pipe together with
the excess of anhydrous ammonia gas not needed
to maintain the reactions constant.

The principal factors in the present invention
appear to be a salt path capable of liqueiaction
at a temperature below the critical point of the

> steel being treated; a material in the bath with

or without nitrogen molecules adaptable to pro-
duce nitriding by the interaction of anhydrous
ammonia, which material imparts the nitrogen
to the steel parts being treated releasing this
nascent nitrogen while the bath is operating, and
a sealed vessel wherein the bath and the parts
being treated are under pressure to etfect opera-
tion at a rapid rate. “When the treatment period
is ended, the pressure is reduced to that of the
atmosphere, and the treated parts are removed
from the bath and are allowed to cool without
quenching. The nascent nitrogen forms a hard
surface layer on the treated metal, and the parts
are hardened without distortion. This hardened

_layer is of a depth of several thousandths of an
inch, dependent upon the pressure, the heat
(which should not exceed the critical point of
the steel), and the length of time which the parts
are treated. -

Exactly what occurs during the operations is
not definitely known but the explanations herein
given are believed to be correct.

Having described my invention, I claim:

1. The method of rapid nitriding for steel ob-
jects the properties of which are improved by
surface absorption and retention of nitrogen,
which comprises: providing a cyanide-rich eutec-
tic salt bath which is liquid at 900° F. and sub-
jecting said bath to a sustained pressure of from
one inch water column to one hundred and fifty
pounds per square jinch while maintaining same
at a temperature within the range of 900° F. to
1200° F., maintaining the nitridable steel object
under immersion in said thus-heated and pres-
surized liquid salt bath, bubbling anhydrous am-
monia gas through the thus-pressurized and
heated salt bath while the steel object to be
nitrided is immersed therein, and simultaneously
drawing off gas consisting primarily of decoms-
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position products from the thus-ammoniated
steel-immersed pressurized and heated bath at
a rate so proportioned to the rate of ammonisa
introduction into and nitrogen absorption from
the bath as to maintain the bath and its im-
mersed object under the stated pressure condition
throughout the nitriding treatment of the latter
without appreciable modification of the cyanide
content of the bath, and finally removing said
object from said pressurized and heated bath to
-cool same when the desired degree of nitriding
has been accomplished therein by said pressurized
and heated ammoniated bath. )

2. The method of rapid nitriding for stee}l ob-
jects the properties of which are improved by
surface absorption and retention of nitrogen,
which comprises: providing a salt bath having
the composition: potassium chloride 159% to 30%,
sodium cyanide 20% to 50%, sodium carbonate
15% to 20%, potassium carbonate 15% to 30%
and sodium fluoride 2% to 10%; subjecting said
bath fto a sustained pressure of from one inch
water column to one hundred and fifty pounds
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while maintaining same at a temperature within
the range 900° F, to 1200° ., maintaining the
nitridable steel object under immersion in the
thus-heated and pressurized salt bath, bubbling
anhydrous ammonia gas through the thus pres-
surized and heated salt bath while the steel object
to be nitrided is immersed therein, and simul-
taneously drawing off gas consisting primarily
of decomposition products from the thus-ammo-
niated steel-immersed pressurized and heated
bath at a rate so proportioned to the rate of
ammonia introduction into, and nitrogen absorp-
tion from, the bath as to maintain the bath and
its immersed object under the stated pressure
condition throughout the nitriding treatment of
the object without effecting appreciable changes

. in the original composition of the salt bath at

20

the inception of treatment, and finally removing
said object from said pressurized and heated bath
to cool same when the desired degree of nitriding
has been accomplished therein by said pressurized

- and heated ammoniated bath.

ARTEMAS F. HOLDEN.




