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To all whom it may concern.: -t
Be i1t known that I, ApoLrr W. MACHLET,
a citizen of the United States, residing in
Ehizabeth, in the county of Union and State
5 of New Jersey, have invented certain new
and useful Improvements in Case-Harden-
~ 1ng, of which the following is a specification.
- Thas invention relates to the case-harden-
- 1ng of steel and iron articles, and particularly
10- of small articlesin bulk. - o R
Small articles or parts in large quantities
are commonly machined or shaped from
- wrought-iron or low-carbon steel in ‘sheet,
- wire, or bar form, these metals owing to
15 their lack of carbon being relatively soft and
~ hence easily cut and worked by machine-
" tools; but owing to thissoftness such articles
“are unsuited for wear, and accordingly it is
~ the practice to case-harden them, usually by
- 20 carburizing them to a depth of a few thou-
- sahdths or possibly & few hundredths of an
inch, so that they retain their shapes and are
given sufficiently hard exteriors for the pur-
- poses for which they are intended. Case-
25 hardening is a rapid process of cementation,
in which the surface of the wrought-iron or
~ low-carbon-steel article is converted into
- steel or into a higher-carbon steel by heating
- the article in contact with carbonous mate-
' According to common practice the articles.
- are packed 1n carbonaceous substance and
heated above red heat; but the operation is.:
slow and expensive and the carburization ex-
35 tends irregularly to different depths at differ- |
ent points uponeach article, some points often
not becoming carburized at all. Anexcessive
degree of heat must be applied for a long
time 1n order to act through the non-con-
;o ducting carbonaceous material upon the ar-
- ticles packed therein, and this excessive heat
soon destroys the iron bexes in which the ar-
ticles are usually case-hardened. In many
cases, also, 1t is necessary to cool, repack, and
45 reheat the articles in order to produce a suf-
ficient depth of cementation. Moreover, it is
found in practice’ very difficult and, some-
times altogether impossible to carburize thé
 articles just as deeply as required and no
sc deeper. In the case of thin or plate-like arti-
“cles, where 1t is desired that the cementation
shall be very shallow or thin, but still com-
plete all over the articles, it is found to be
practically impossible to attain the desired

|

to proceed too far at some portions of the ar-

ticle, which consequently isrendered too. brit-

“tle for use, it being desired to preserve the

relatively soft and tough character of the in-

terior of case-hardened articles. No prac-

ticable way has heretofore been found for not
only insuring that the carbonization shall be

6o

of even thinness all over small thin articles, =
but also causing such cementation to proceed

to the exact depth required, so that it would

' be practicable to case-harden such articles. -

The principal objects of my invention are

to materially reduce the cost of case-harden- .

1ng articles, to insure that the case-hardening

operation shall produce a shell of uniform
thickness all over the article regardless of its

shape, to regulate or gage exactly the thick-

ness of the cementation or shell, to make it

practicablé - to case-harden small articles

cheaply and rapidly and uniformly in bulk,
and to provide for inexpensively and effectu-

75

ally tempering the case-hardened articles by

sudden ‘cooling thereof. . - -

I heat the articles to a point &bofe:red-‘ .

ness, but' below the melting-point, in an at-

8o

mosphere of carbonous- gas preferably un-

der high pressure—say from twenty-five up

to one hundred pounds, or even more, to the

square inch—and preferably effect gentle

| agitation of the articles during the heating,
thus exposing all portions thereof to the gas,

so as to insure the uniform penetration of the
carbon from the gas at all points on the sur-
tace of the article both outside and inside and

without regard to the shape of the same.

Thus 1.avoid the pecessity and expense of

90

first packing the articles in carbonaceous

substances i the usual manner. I use a re-

tort made, preferably, of metal, with which
the articles directly ¢ontact, so that they are
quickly heated without unduly heating the
retort, thus saving cost of fuel and avoiding
destruction of the retort. The heat may be
{lrom about 1,508° to about 1,800° Fahren-
ett. . T e
By means presently to be desecribed the

95

‘100

progress of the ¢ementation may be known .1

shell being determined in advance even to a
thousandth part of an inch by an operator

‘having fair skill in using the apparatus. I

. or predetermined, and the cementation may
be arrested at any point, the thickness of the

10 5'

&1'1‘6813‘-13113 process of cementation as soon as
) _ ttain | the predetermined thickness or depth is ac-
55 Tesult, since the carburization is almost sure | quired, and since case-hardened articles are ‘110



provide means for suddenly |
while still hot—that is, before they lose the

heat acquired in the carburizing-retort. This’
sudden cooling may be effected in any ap-

proved manner, as by plunging the articles

“1nto a cold liquid-bath. = If thisis done while
. the articles are still at carburizing heat—-
- that 1s, above red heat—their tempering is

10.

- L5

20

effected, and this sort of tempering will

answer for numercus kinds of articles where
1t 1s urumportant whether the shell has a
coarse or fine grain. When the articles are

chilled at this high heat, the shell acquires a
coarse.grain, as appears upon fracture. I

‘therefore provide for gradually. permitting

the articles to cool from carburizing heat to
cherry-red and then plunging them into the

cooling bath, whereby when desired a better

quality of steel may be produced. When

~ tempered in this manner, the shell appears to

| _.25

30

33

'- Eroducexslmﬂy- and expensively from fine

. 40

have a very fine grain when fractured, and

the expense and delay of permitting the ar-

ticles to cool gradually to ordinary atmos-

pheric heat and subsequently reheating them

- for teI:It}Ipering 1s avolded, and the scaling of
- the surface due to such cooling and reheating

is also avoided. By this means it becomes
practicable to. produce perfectly and evenly

case-hardened finely-tempered articles which

have been first shaped or machined from
wrought-iron. or low-carbon steel, and it is

even practicable to'manufacture large quan-
tities of tools and articles and harden and

temper them aceording. to my invention

which heretofore it has been necessary to
igh-carbon or “‘tool”’ steel. - ,

_ Other objects and advantages will herein-

after appear. N -_

In the accompanying drawings, Figure 1

-

. represents a sectional elevation, taken from
- end to end, of oneform of an apparatus con-

45

structed -for case-hardering and tem]%‘qring
articles acecrding to my invention. Fig. 2

~ 3 an elevation of the right-hand end, of the
- carbunizing apparatus seen -at Fig.-1. Fig.

4 1s a vertical cross-section taken at about

the line X X of Fig. 1 Fig. 51s a plan, and
Fig. 6 a longitudiral section,of one form of

. tool used in charging the apparatus with ar-

- ticles to be carburized Fig. 7 is a side view,
and ¥ig. 8 an end .view; of another form of

L

90

charging-tool. - Fig. 9 i8 a sectional view of
an exmple of a case-hardered articlé:illus-

‘trating a thin shell formed evenly a,lf:'ov.er'
the same. . =~ = R

~ The steel or iron articles t-_d‘b'e case-har-
dened are represented by a dotted line 1, de-

- posited in bulk within a retort 2, formed of
- cast-iron or other suitable metal, the retort

~ being ’Frefera,b]y about half or two - thirds |
Uhe retort is preferably in. the form of
65 a barrelorelongated cylinder and is mounted ,

fall.

Ll
L] -
[
o,

"body 5, having heads 6 and 7.

Kig. 4, so as to

<

847,588

usually temperéd or made ‘fglas_s—hard” I | wholly within a flame-chamber 3 of a furnace
cooling them

4, the latter comprising a c¢vlindrical or other
The furnace
1s provided throughout with a refractory lin-
ing, the cylindrical poftion thereof, which
lines the hody, being indicated at 8, and that
portion which lines the heads of the furnace
being indicated at 9, all of said lining being
usually set in plaster-of-paris. (Seen at 10.)
The space incﬁ)sed by said refractory lining
forms said flame-chamber. Any suitable
fuel may be consumed in the furnace, and it
may be otherwise constructed. Preferably
a mixture of hydrocarbon fuel with air is
used, the air being admitted through a pipe
11, and the fuel, such as ordinary illuminat-
ing or heating gas, being admitted through a
{)ipe 12, the supply of air and fuel being regu-
ated by valves 13 14. The air and fuel be-
come mixed within the pipes 15 16, and the

mixture 18 admitted to burners 17 18, insert-

ed 1n horizontal openings 19 20, formed in
the opposite walls of the furnace near the top
of the flame-chamber. The burners point
alternately in opposite directions, as seen at
irect the flames across the
top.and down around hoth sides of the retort
and form two sets, extending along the top
of the flame-chamber above said retort.

Two feed-pipes 21 22, extending along the

furnace, connect the burners in the sets, said

pipes being supplied by the pipe 16, which
extends across the top of the furnace. The
gas-flames are directed upon and over the re-

tort and play down around the same and

‘escape through an outlet 23, formed in the

bottom “of the furnace at the end of the re-
tort, whereby even heating of the latter is as-

sured. The supports for said retort are

mounted upon the exterior of the furnace-
heads and consist of a pair of rolls 24, car-

-ried upon hrackets 25, fixed upon the right-
‘hand head 7, and a pair of rolls 26, mounted
‘upon brackets 27, fixed upon the left-hand
« head 6. The retort i1s formed with cylin-
1s an elevation of the left-hard end, and Fig.

drical extensions at ii. end, one extension 28

‘resting between and supported upon the

rolls 24 and the other extension 29 being

similarly supported upon rolls 26. It will be
‘seen that saild extensions
openings 30, formed in the refractory lining
-9, and through similar openings in the heads

project through

of the furnace. The purpose of supporting
the retort upon the rolls is to enable it to
turn during the heating thereof. A partition
31, forming the top or right-hand end of the

retort, 1s cast between the same and the.

Tight end extension 28, the latter being pref-
erably of the same diameter as the retort

1tself. _ - ,
~The extension 29 1s preferably of ]a,‘rg}(:,r
o

diameter than the retort,so as to permitt

insertion and withdrawal of a cover 32, that
1s fitted to the left-hand end or bottom of the
retort. This coveris intended to be clamped

70
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- tightly upon the retort .du'ring the process of
~ carburization, and it is removable to permit

charging. and discharging the retort. A
screw 33, provided with handles 34 upon the
exterior of the furnace, is threaded into a
yoke 35, which is fixed upon the end of ex-

~ tension 29 by means of bolts and nuts 352.

_[5.

20

Byv turning the screw the cover may be

e,

“clamped ti%ht-ly upon the retort or drawn off

therefrom far enough to permit the articles
1 to drop or discharge through one of sev-
eral apertures 36, formed in said extension
29, adjoining the
let 23. o _ -

In order to discharge the retort, the cover,

screw, and yoke are withdrawn, the latter

being formed at its ends with hooks or open
slots 37, which engage said bolts 35* loosely,
so that by simply turning said yoke to. the
left at Fig. 2 it is disengaged from the- bolis
and may be removed, together with the

serew and cover. - The extension 29 is*also

~ provided with a metal closure or head 38,
~ having a lining of asbestos, said head 38 be-

25

30

ing fixed to the yoke 35. * This head avoids
waste of heat and also prevents the handles
34 from becoming unduly hot.” |

During the life of the apparatus the retort |

is alternately heated and cooled a great many
times and in consequence gradually dcquires

a permanent expansion—that-1s, it slowly

grows larger.” Hence the apertures 30 in the

~ furnace are made a httle over size, as illus-

.40

trated, to accommodate the gradual increase

in circumference of the extensions,-and the

periphery of the extension 29 is smooth, so

that it may slip in axial direction along the

rolls 26 to accommodate the permanent ex-

. pansion or lengthening of the retort structure,

the other extension 28 having flanges 39.to
inclose the rollers 24 and prevent endwise
movement of this end of the retort. The
aperture 23 in the bottom of the furnace. is

'made of sufficient dimension from left to right

at Fig. 1 to accommodate the permanent

~ lengthening of the retort, so that the aper-

SQ

~ ordinary city-gas, such as generall
. for ill;giiﬁa{ing. and he“_atﬁfg;‘;intﬁ )
Elizabeth, New .Jersey.  (Good results can
" also be.obtained from cosal-gas and from oil-
gas and also from carbureted hydrogen gas
(or water-gas) resulting from the ‘passing of
‘steam through a mass of incandescent car- |
bon and subsequent admixture of hydrccar-

55

6c

ture 36 may still overlie said opening 23,

even when such lengthening has .reacheda

 The ‘carburiiing-fdsma;yjf)e*‘”af’p‘“ﬁ';:ﬁ_e' hydro-
carbon, although 1

-

that good results are obtained by the use of
' supplied -

o city of

'
LI
a

~ bons or other enriching substances.

65-shown a gas receiver or tank 40, which cori-

The gas which is used for cementation may
be supplied under pressure in any suitable

way; but for the sake of illustration I have

retort and overlying the out-

 —

-l

|

of the retort

slightly open throughout the operation a

-time 18 matena

tains gas preferably at a pressure of one hur-
‘dred -pounds to the. square inch, although -

a much lower or even higher pressure may be

| }usta little higher than atmospheric pressure.

used, or-in some cases.the pressure may be.

70

n other words, the pressure may vary from °

|just sufficient to charge the retort to the
‘highest that may be found practicable. This
recelver is connected to the retort by means

75

of flexible pipe 41, -lpr_ovided with valve 42;
and a pipe 43, the latter being in line with

‘the-axis of retort 2. A gland is shown at 44
| to accommodate the rotation of -the retort,
| since the pipe 43 remains stationary. ,
yoke or bracket 45 is fixed upon the head 7
of the furnace to support the gland 46, into.

A

80

which pipe 43 is-threaded. The latter is

provided with a cap. 47, which may be re-

moved to give. access to the interior of the

pipe and gland for cleaning. - Threaded into

the end or top 31 of the retort is a jet or

sprayer 48, having numerous apertures 49
for directing the gas in small jets into the re-

tort, said sprayer 48 being connected by a =
_ 90
any suitable provision may be used for con--

pipe 49 to the gland 44. If oil-gas is used,

verting the oil into gas and forcing it through

the jet or spray 48 into the retort. The heat

may be used for converting the
oil into gas. - R

In operation thq 'jr.oke_ 35 and ‘cover _-32*-—&1'6

removed and the articles 1 deposited within

screw 33 revolved to clamp the cover 32
tightl

the retort 2. The yoke 35 is replaced
{ and the nuts and bolts 352 tightened and the

mo

against the lower or left-hand open-

end of the Tetort. - The gas and air valves 13
14 are opened and the fuel-mixture ignited at™

the burners 17 18, the flames circulating in

opposite directions over the top and down
a ' . .
left along the bottom of the retort at I1g. 1,

ong the sides of the retort and then to the ..

05

finally escaping downwardly through the ori- -

fice 23-in the bottom of the furnace. 'The
valve 42 is opened, and the carburizing-gas

1 ,_1'_0

passes from the tank 40 through the supply- -
pipe 41 43 49 and into the retort, the air being -

forced out from the lattér through a vent 50, -
formed in the cover 32 and having an adjust-

able valve.or screw 51, said vent rema,_ini_ng

11§

the gas escaping therefrom igniting and con- - |
stantly burning. - ‘The flames'in the furnace "

heat the retort until the articles therein are -
above red heat—say:from.1,500° to 1,8007 -

120

Fahrenheit, this being  safely below . the -

melting-point. and sufhiciently hot. to-effect - -
the cementation of the articles, which prpe-- .- -
ess may- also be favored and hastened by .

reason of the

Owing to the rapidigy
ereat economy 1s ef]

L ] v *»

o

is necessary to consume fuel in ma.intammg

high pressure at which the gas.
‘may be supplied to the interior of the retort. .
of the cementation, a -
ected in fuel, since the -
lly shortened during which it

125

.
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' the heat of the retort and other parté, while

~ of course the daily capacity of the ap

I0

1 provide means for effectin

aratus
1s increased. In order that the articles shall

be exposed uniformly to the action of the gas,
gentle agitation

~thereof, such . means in this instance consist-.

ing of a pulley or wheel 52, which is connect-
ed by movement-reducing gearing to the re-
tort so as to rotate the latter very slowly,
thereby avoiding injury of the articles there-
in, which frequently are of delicate constric-

tion and particuldrly liable to become bent, |

- owing to their heated condition. Said gear

L5

20

comprises a worm 53, fixed upon the pul ey- |

shatt 54 and turning within a drip-pan 55
and in mesh with a worm-wheel 56, secured
by bolts 57 to the right-hand extension 28 of
the retort. The rotation of the latter may
be very slow indeed, as its object is merely to
msure that each article shall be exposed all

- over to the action of the gas, and that all

sides of each article shall come uppermost in

- turn, since the gas acts better on the top side

25

30

than on' the bottom side of any article in the
retort. During the carbonizing operation
fresh gas constantly enters through the sup-

ply 41 to replace the gas which has become

- vitiated by the absorption of the carbon ele-

ments into the metal articles, such vitiated
gas escaping through the vent 50 and there

producing a constant flame, which can be seen

by the operator through the sight-hole 58,

 whereby he can ascertain by the color of such

35

flame whether the gas retained in the retort

18 unduly vitiated. | If so, the valve 51 may

~ be opened a little more to permit freer escape

40

~of the gas

and a more rapid inflow of fresh
gas. .
One advantage of the invention consists in
the circumstance that the operator may ar-
rest the case-hardening process as soon as the
cersentation has proceeded to any prede-
termined depth upon the articles, it being

‘practicable to gage such a depth to ‘within
even a few thousandths of an mch, or even.

less, according to the skill of the operator.

- In doing this.the operator takes note of the

50

time at which the articles rea¢h the
‘heat, which he can ascertain by observing |
throughthe sight-hole 58 the color of the body

of the retort and which can also be ascer-
tained by reading a pyrometer 59, which may

- be inserted through an aperture 60 in the
bottom of -the furnace and projects slightly

55

A0

into the -'ﬂameéchambfer;; - By comparison of

pearance of the incandescent retort the op-

proper

-I

erator can determine precisely when the arti-

cles have reached the required heat for ce-

mentation and may then admit the gas

through the supply 41,"and so . cause the

cementation to proceed for a predetermined
- length of time—say ons hour or even less, ac-
. cording to the quality of the gas in the retort,

‘the heat of the retort is maintained

847,588

the temperature thereof, the grade of the 65

articles to be case-hardened, and the depth
to which it is desired to have
dening proceed uponthe articles. The opera-
tor may make and preserve memoranda of
different results obtained by the use of differ-

| ent qualities of gas or different pressures of
| gas upon different qualities of iron or steel,

noting the depth to which the case-hardenin

Eroceed,s under the different conditions, ang
rom such account he may readily predeter-
mine at any time how deep the case-harden-
ing shall proceed upon the particular articles
being treated. T%is exactness, which 1is
highly desirable in many instances, is ren-
dered possible largely because of the fact that
absolutely
uniform throughout the process of cemen-
tation, owing to the use of burners for burn-
ing mixed air and fuel, whereby the heat of
the retort may be not only regulated, but

the case-har- .

75

8o

rendered absolutely uniform, and thus 1t be- -

comes practicable and inexpensive to pro-
duce upon the articles shells of even prede-
termined - thickness all over the articles, -

which result it has not heretofore been found

practicable to obtain'with certainty and in an
Inexpensive manner suitable forthe purposes

As soon as the
proceeded to the desired
depth valve 42 may be closed, the handles 34

‘may be turned to open the cover 32, and the

of ordinary manufacturing.
cementation has

articles. may drop through the opening or

9

95

chute 43 into a tempering-bath of cold water

or other liquid 61.

Lo facihitate the discharge of the retort, I
arrange to tilt the same up at its right-hand
end, 50 that during the continued rotation
thereof the articles will feed gradually down
to the left-hand or bottom end and finally
drop through the chute 23 into the bath 61.
For this purpose I pivot or hinge the furnace

at 62 upon a pair of standards 63 at the left-

hand end of the apparatus and provide at
the right-hand end a vertical screw 64, so that

by means of said screw the right-hand end of

the furnace maybe elevated or tilted together
with the retort therein. The screw 64 does

ICO

[05

110

not turn, but is pivoted at its upper end 66 to

an ear 67, depending from the furnace, and
handles 65 are provided upon a nut 68,
threaded upon said screw and resting upon a
washer 69, carried by a block 70, pivoted at 71

-to standards 72. The pivoting of the block
s at 71 .accommodates the different angu
the reading of the pyrometer with the ap- |

-with the furnace.

lar
positions assumed by the screw 64 as it rises
As soon as the articles are

115

120

discharged from the retort the latter may be -
-recharged without becoming cold, thus avoid-

‘Ing the delay and:expense of reheating the

same. “For" the purpose of recharging the
tool seen at Figs. 5, 6 may be employed, con-

sisting of a cylindrical scoop 73, having there-

In a piston 74, the latter provided with a rod

125



75 and handle 76. - Thé?: piston may bé drawn |

10

gently turned so as to dump
- 1nto the retort. Then the cover 32 may be
~ replaced,  the gas admitted to the retort

'15_.

{ -

to the bottom of the scoop, and the latter

filled with small articles and inserted within
the hot retort. The opérator then holds the.
handle 76 stationary while he pulls out the
scoop by means of a handle 77, thus gently .
depositing the articlesintheretort. Another

form of scoop 78 is seen at Iigs. 7, 8, having a

handle 79. - This tool may be filled with arti-

cles and inserted within the retort and then

through the supply 41, and the operation

proceeds as before. ' Very little time is occu-

pied in charging and recharging, so that waste
of fuel is minimized. Thus the furnace may

~ 'be ‘kept in constant operation, and many

20

- shall

30

35
40

45

charges of .articles may be case-hardened

every day with but little expense for labor

and fuel as compared with the methods of

case-hardening accepted at the present time.
~ 'While for some purposes the incandescent

articles may without any cooling be dumped

directly into the tempering-bath 61, still for
other 1{)rurpﬂses it 1s desirable that the articles

cherry-red, and in order to effect spch grad-
ual cooling I partly close the valves 1314, so
that only a little gas passes through the

burners 17 18, just sufficient to prevent the

ingress of air up through the orifice 23, thus

-preventing oxidation of the exterior walls of

the retort. Only a slight pressure of gas in
the furnace is necessary for the purpose, and

this does not materially retard the cooling of |
the retort and the articles therein to the de-

sired cherry-red heat.. Thus while the arti-
cles are still heated from the carburizing
Erocess they may discharge into the ¢ooling-

. 847,688

the articles

st gradually cool until they are about

.

or cooling the articles.

15 effected, because the artic
contact with the metal retort, which is sub-
ject to the heat of the flames from the burn-
ers, whereby owing to the convection of the

necessity of forcing the heat through the
body of non-conducting carbonaceous sub-
stance.
necessity is avoided -of damaging
| tort itself, the life of which is hence greatly
prolonged. When it is desired to renew the
retort, however, it'is only necessary to take
out the screws 57, by which the worm-wheel

to, and also to disconnect the gland 44,
whereupon the retort may be pulled directly
out of the furnace to the ?;ft at Fig. 1, a new
one may be put in place, and the parts 39, 56,
and 44 restored. - o |

hollow shaft 85 and flanges 86 87, formed

| a thin shell 88, which, it will be understood,
. is of uniform thickness, since both interior

to the gas.

L3
.

‘Variations may
| sc(ige'ofmy invention.
|

-clasm—

ath and-the shells thereon may receive a | carburizing-gas, uniformly heating the -arti-

fine temper. During such gradual cooling of
the articles in the retort the valve 42 may be
closed, so that no further carburization may

take place, or, on the other hand, the val¥es

13 14 may be prematurely partly closed to

" reduce the flow of gas into the flame-cham-

50

. prises a tank 80, which is provided with roll- |

ber and Eermit- the gradual cooling of the re-
- tort, an

the valve 42 may be left open, so

that cementation will continue as far as: it

may during such gradual cooling. o
The cooling apparatus seen at ¥ig. 1 com-

55

tank being just beneath the mouth of the

chute 23. ~Within the tank rests a sieve 82,
‘through whose perforations 83 the hiquid.cir-

culates. The articles drop into this sieve,

60

through said perforations 83.

. which Tests upon a su

| port 84, provided in
the bottem of the tank, and as soon as the
articles are chilled b._y the bath the sieve i1s
lifted” out, the-liquid escaping thereirom
The articles

- are then dumped from the sieve and the lat-

!
-

cles'throughout by applyingheat evenly to the
_exterior of the retort so as to heat.the same

| uniformly throughout until its temperature

reaches from about 1,500° to about 1,800°

Fahrenheit, maintaining the heat substan-

tially uniform and turning the retort during

determined interval of suc

| depth.

bon-steel articles to form upon each thereof &
t shell of uniform and exact predetermined
thickness, consisting in placing the articles

in a metal retort, closing the retort, filling

F

thereon, the entire article being covered with..

and exterior parts of the article are accessible

aving thus described my inventidﬁ, I

1. The process of-case-hardening low-car-
bon-steel° articles. to form thereon shells of
uniform and exact predetermined thickness,
| consisting in placing the articles in a metal
| retort, closing the retort, filling the retort with

ter replaced in the tank.  Any other suitable 65 '
apparatus or device may be used for chilling

It will be seen that an im{)ortant ecdn()m'jf -
es are directly in

' heat through the metallic body of the retort.
the articles are quickly heated without the

75

Thus not only is fuel saved, but the .
the re-

30

56 and the flanged roll 39 are attached there- -

At Fig. 9 is seen an article comprising a

90

be resorted to within the

100
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| the cementation of the articles, and arresting
the cementation at the einration of a pre-
length that the

| articles are cemented to the predetermined

2. The process of case-hardening low-car-

120

the retort by carburizing-gas, applying heat-
uniformly to the exterior of the retort until =~

ing the heat of the articles uniform- while
causing fresh carburizing-gas to circulate

| constantly through the retort, turning the

| retort to cause different sides of the articles

| the articles reach carburizing heat, maintain- -
12§



- to come uppermost during the'r cementation,

and arresting the cementation at the expira- .
- tion of a

predetermined interval of such
length that the articles are cemented to the

predetermined depth.

3. The process of .case'—hardén_ing with uni-

- formity low-carbon-steel articles to form

10

15

upon each thereof a shell of uniform and ex-
act predetermined. thickness, consisting in

placing the articles in a metallic retort, clos-

ing the retort, filling the retort with carbu- |
‘nzing-gas, applying heat uniformly
-exterior of the retort until the articles:are
heated uniformly above red heat but safely

below: the -melting-point, maintaining the
heat substantially uniform throughout the

- carburizing . of the articles, maintaining. a

supply of fresh carburizing-gas during the

. cementing of the articles, turning the retort

20

during the cementing operation to cause dif-
ferent sides of the articles to come upp
‘most, and arresting the cementation at the
expiration of a predetermined interval of

such length that the articles are cemented to
the predetermined depth.
‘4. The process of case-hirdening in bulk

with uniformity low-carbon-steel articles to

“Torm upon each thereof a thin shell of a uni-

form and exact predetermined thickness ,

¢onsisting in placing the articles in a métallic

-~ retort, closing the retort, filling the retort

'35

by carburizing-gas, applying heat evenly
- around the retort until the articles are uni-
 formly heated to a predetermined carburiz- ;
ing heat, maintaining such temperature ap- |
proximately uniform throughout the retort
- for a predetermined time, constantly dis-

B placing the vitiated gas by fresh supplies: of

. 40

45

~carburizing-gas during the heating of the re-

tort, agitating the articles during the carbu-
rizing operation, while the . retort remains

‘closed, and arresting the cementation at the

expiration of a predetermined interval of

- such length that the articles are cemented to

the predeterimined length.

5. The process of case-hardening in bulk

~ with uniformity low-carbon-steel articles to

50
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form upon each thereof a thin shell of a uni-
form  and exact predetermined thickness,
consisting in placing the articles in a metal
retort, closing the retort, filling the retort
with carburizing-gas; in a state of high com-
pression, " uniformly heating the articles

throughout by applying heat evenly to the

exterior of the retort so as to heat the same

“untormly throughout until its temperature

~ -Teaches from about’ 1,500° to about 1,800°
S *Fahrenhei't,-_ maintaining the heat substan-

B . the articles are cemented to the predeter-

. tially uniform during the cemeéntation of the
- 60 |
- .-+ 1ncandescent condition at the expiration of a

artieles, and withdrawing the articles in an

predetermined interval of sueh length that

er--

J
|

to the ,

. -

|

‘mentation at the .expiration of a

1ron articles, consisting in placing
‘metallic retort, closing the retort, substan-

847,588

6. The process’ of: éa;sééha,rdenjng in bulk 63

with uniformity low-carbon-steel articles to

- form upon each thereof a thin shell of a uni-
. consisting 1n placing the articles in a metallic

form and exact predetermined thickness,

retort, closing the retort, filling the retort with
carburizing-gas under a pressure high above
atmospheric pressure, applying heat uni-
formly around the exterior of the retort until
the articles are uniformly heated above red
heat but below the melting-point, maintain-
ing the heat uniform throughout the carbu-
rizing operation, causing the vitiated gas to
escape, maintaining a supply of fresh carbu-

70
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rizing-gas under similar pressure during the

héating of the retort, and arresting the ce-
_ predeter-
mined interval of such length that the arti-
cles are cemented to the predetermined
length. ' o |

9. The_'pl’:'oc“less ofﬁJCaSehha,rdeIii_ng steel or

iron articles; consisting in confining the ar-
ticles in an atmosphere of carburizing-gas
within a.closed retort, heating them while so

| confined to a temperature above red heat but

below the melting-point, effecting agitation

30

9¢

of the articles while being.so confined and ~

heated, and while the retort remains closed,

to an extent to expose all surfaces of the ar-
ticles to the gas, replacing the vitiated gas by
fresh carburizing - gas during such heating
and agitation, and arresting the cementation
as soon as shells are formed upon the articles.

8. The process of case-hardening small
steel or iron articles, consisting in confining
them mn bulk in an atmosphere of carburizing-

gas within a closed retort, heating them

while so confined to a temperature above red
heat, but below the melting-point, tumbling

the articles while so confined and heated, and
‘while the retort remains closed, and arrestin

the cementation as soon

a8 shells' are forme

‘upon the articles.’ -

9. The process of case-hardening

steel or iron articles, consisting in placing

them in bulk in a metallic retort, filling the
| retort with carburizing-gas, within-a closed
‘retort, applying heat around the exterior of

the retort until thé articles are heated above

red heat, maintaining the heat substantially

uniform throughout the retort, effecting re-
peated movements of the retort so as to agi-
tate the articles therein, permitting the viti-
ated gas to escape, maintaining a supply of

Iresh carburizing-gas, and arresting the ce-

mentation as soon as
the articles.

10. The process of case-hardening steel or
them 1n a

shells are formed upon

tially surrounding the retort by a series of
controliable flames sufficient to heat the ar-
ticles above red heat but below .the me]ting-

small

point; maintaining the flames substantially

1CO
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~ uniform, eﬁec’oi:'mgT rotation of the retort; pass- | retort. with substantial uhﬁformity thrm_lgh— |
out, maintaining the heat at a substantially

ing a currént of iron-carburizing gas through

... theretort while it remsins closed, during such
-~ :heating, and arresting the cementation as

L -tfa...-

“ iron articles, consisting in confining them in
an atmosphere of carburizing -gas, heating
. them while so confined to a temperature ot

-about. 1,800° Fahrenheit; arrest

.10

=-'soon as shells are formed upon the articles. -

“11. The process of case-hardening steel or

~mentation as soon as shells are formed upon

- the articles, causing the articles to cool grad-
~.ually to a snitable degree for hardening -and

1.5

immediately subjecting them to a hardening

cool bath. . ..

o

- "12. The procéss'of' case—llarden;ing’ steel or

iron- articles, consisting in confining them in

.~ bulk in & metallic retort, applying control-

- 20

lable flames to the exterior of the retort sut-

hiciently to heat the articles unmiformiy to a

carburizing temperature, passing a current

s

‘- carburizing temperature, passing a current ;-

of carburizing-gas through the retort during

such heating, until- the cementation has
formed a shell on the articles, reducing said |

flames to an extent to permit the articles to
cool gradually to a suitable degree for har-

dening, and immediately pluma'mg the ar- |
ar

ticles into a cooling-bath to harden them. -
- 13. The process of case-hardening steelor
iron articles, consisting in confining them
in a metallic retort, applying controllable

flames to the exterior of the retort suffi-

ciently to heat the articles uniformly to a

of carburizing-gas through the retort during
such heating, until shells are formed on the
articles, turning the retort during the ce-

- mentation, to cause different sides of the ar-

4.0

ticles to come uppermost in the retort, reduc- |

i};lg the flames to an extent to permit the ar-
ticles to cool gradually to a suitable degree

- for hardening, while the retort remains filled

~with the. carburizing-gas, and immediately
,Elunging the articles

into a cooling-bath to
arden them. - - * '

14. The'---h_e,féin-'dés'cribed'process of case-

hardening low-carbon-steel articles, consist-

ing in confining them in bulk while heated

<o

uniformly throughout to a predetermined .

carburizing-point, in a current of compressed

carburizing-gas, venting vitiated gas before
1t becomes incapable of burning brightly in.

- air, maintaining the heat of the articles at

55

_.-6:);

a predetermined. degree throughout sub-
stantially the entire period of cementation,
- and arresting the cementation after such
. predetermined duration as-causes the shell-
. of the exact thickness desired to be. pro-
dueced. - - : gy

~ '15. The ' process of case-hardening low-:
" -carbon-steel -articles, consisting in confining

- them in bulk in a metallic retort, causing the

.~ current . of compressed carbonized  gas to :

|
i

L]

ing the ce- .

uniform degree sufficient to heat the articles
therein to a predetermined carburizing-point,

! until thin shells are formed on the articles,

70

cooling the retort to a point where the ar-

ticles are at suitable hardening temperature,

hardening-bath.

. 16. The process of 'C&Seéhardéﬁing. low-

. carbon-steel articles, consisting in heating

| them uniformly throughout to a predeter-

i

t
1
]
L
!
]
'

and immediately plunging the articles into a

75

mined degree high above red heat, confining -

them in a current of compressed carburizing- . -

gas and maintaining the temperature uni-

form at said degree while so confined, ar--

resting the cementation at the completion

P g e e — i — —— — - r

|
'l
:_
!
i
|
:
i

of the predetermined length of exposure
such that thin shells of a predetermined

depth are formed upon the articles, causing

the articles to cool gradually to a suitable

plunging them into a hardening-bath.
17. The process of case-hardening low-
carbon steel or iron articles, consisting in

heating them to a degree above redness but

below the melting-point, confining them

while so heated in an atmosphere of car-.

burizing-gas, until thin shells are formed
upon the articles, causing the articles to cool

i gradually to a suitable degree for hardening, -
- and immediately plunging them into a har-
| dening-bath. = S |
18. The process of case-hardening steel or
. iron articles, consisting in making them suffi-

ciently hot for cerentation, confining them

n a current of compressed carburizing-gas

while so heated, until thin shells are formed
upon the articles, causing the articles.to cool
oradually to a suitable degree for hardening,
and immediately plunging them i1nto a-har-
dening-bath. * : | -

19. The process of c.aSe-hardening steel or
iron articles consisting in heating them in:
i bulk to a degree above redness but below"

80,

degree for hardening, and immediately

90
95
100

_1'05

ITO

the melting-point, confining them while so

heated in a current of compressed carburiz-
ing-gas, until thin shells are formed upon the.

articles, agitating the articles during the
process of .cementation, gradually cooling

' the articles until. they reach a hardening

a4
-
[

heat, and 1mmmediately subjecting them to a
hardening-bath. DU o

I15 -

- 20. The process.of éase—hardeﬁﬁg steel or
~1ron articles, consisting in confining them in
- bulk in a metallic retort and in contact with

120

the walls thereof, heating the retort with

substantial uniformity throughout until the ‘

articles reach a uniform carburizing heat,
passing a current of compressed carburizing-

gas through the retort while so heated, agi-
| tating the articles during their cementation,
_ nt. . of: Se - and arresting the cementation as soon as
- flow through the retort during substantially | thin shells are formed upon the articles. -
the entire cementing  operation, heating the ; 21. The process of case-hardening steel or

125
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‘iron a;tidﬁ; consiéting in confining them in flon as soon as shells are formed lipon the
bulk in a current of highly- compressed:] articles. _ N
carburizing - gas, ‘heating them wuniformly |

throughout while.so confined to a degree of 1 ADOLPH W. MACHLET.
5 heat suflicient. to’ carburize them, effecting | Witnesses: :
- agitation of the articles while being so con-| SAMUEL R. OGDEN,

fined and heated, and arresting the cementa- | PrILIP C. OSTERMAN.
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