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This invention relates to electrically heated
industrial furnaces: of a type provided with a
heat-treatment chamber in which processes are
carried out involving the heat-treatment. of

charges, usually metallic, while such charges are .

enveloped by a' carbonaceous gas-atmosphere
“which permeates the heat-treatment chamber.
Heat-treating processes of this kind
known, and generally involve a carbonaceous
gas-atmosphere which reacts with a charge in

_ order to change its physical or chemical char-

N

acteristics.

heated to temperatures more commonly up to
about 1700° F.; but in  the use of my invention
the temperatures also may be substantially
higher. In general, the relation between the
carbon pressures of the gas-atmosphere and the
charge depend on the manner in which the
charge is to be heat-treated. However, such at-
mospheres, and especially gas-atmospheres hav-
ing relatively high carbon content for gas-carbu-
rizing, tend to deposit free carbon on highly
heated parts, perhaps by dissociation of the car-
bon-containing gas-constituents, such as hy-

are -

) One such process is case-harden--
ing in which the charge {o be case-hardened is

_charge, so

temperature gradients along its length because
of the heating-up or the cooling-down of the
that the muffle may quickly deterio-
rate. - . ’

My invention has for its primary object the .
provision of an electrically heated gas-carburiz-

. ing furnace lacking the aforesaid and other dif-
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drocarbons and oxides of carbon. Such deposits

may be relatively heavy, . reaching thicknesses
of several inches or more after only relatively
short operation of the industrial furnace. This

. characteristic of carbon-deposit has made it im-

practicable to permit the gas-atmosphere to en-
velope the electrical heating means of the fur-

nace because the deposited carbon short-circuits;

or heat insulates the parts of the heating ele-
ments with which it is in contact, resulting in
dificulty in the control of the heat-treating
process and sometimes in the destruction of the
heating elements.

Accordingly, it has been a practice of the prior
art to provide a gas-impervious charge-holding
muffle which constituted the heat-tréatment
chamber; the muffle being permeated by the car-

bonaceous gas-atmosphere and the electrical '

heating elements being disposed outside the
mauflle.

Such muffle-furnaces have certain disadvan-
tages. For one thing, the charge is indirectly
heated by heat transmitted through the muffle,
so that the electrical heating means must oper-
ate at a slightly higher temperature in order to
compensate for heat-travel through the charge-
holding muffle. Another disadvantage is the cost
of the muffie and the cost of maintaining it in
satisfactory operating condition. The muffle is
subjected to repeated temperature shocks or
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' ficulties and disadvantages.

It is an object of my invention to provide an
electrically heated refractory-wall muffleless in-
dustrial furnace in which suitable charges can be
heat-treated to high temperatures in a carbona- -
ceous gas-atmosphere, o )
© Another object of my invention is to provide
a muffleless gas-carburizing furnace which may be
electrically heated without rapid deterioration of
the electrical heating elements exposed to the
gas-atmosphere. o

Still another object of my invention is the
provision of an electrically heated muffleless gas-

carburizing furnace which will be capable of be-

ing operated continuously for long periods of
time, without interruptions for cleaning carbon’
from the electric heating elements, or for the
replacement or repair of such elements. : :

The above and other objects of my invention -

will be discernible from the following description =
thereof, which is to be taken in conjunction with * =
the accompanying drawing. In this drawing, the =

various figures more or less diagrammatically
show the essential parts of my invention on dif-
ferent scales. o .

PFigure 1 is a view diagrammatically showing, in
transverse section, a furnace embodying my in-

-vention, but with some parts omitted for clarity.

Fig. 2 is a longitudinal sectional view for show-
ing a detail of & part of the furnace; and

PFig. 3 Is a sectional broken view showing, in
greater detail, a heating element and associated
furnace structure involved in & preferred em-
hodiment of my invention, o

The furnace | comprises, as is customary in
furnaces of this kind, side walls 2 and 8, a bot-
tom wall 4, top wall 5, and a pair of end walls
one or both of which may be provided with a
suitable door-closed opening through which a
charge may be inserted into or withdrawn from
a heat-treatment chamber 6 which is defined by
the walls. The walls may be constructed in any
customary manner as, for example, by heat-in-
sulating wool and brick and non-metallic refrac-
tory brick bounding and defining the chamber
8. The furnsce is provided with a gas-impervious
sheet metal shell T which encases the outside of
the walls and doors, and which is provided with




. suitable expansion and contraction provisions.
Within the heat-treatment chamber §, a plu-

relity of relatively small, spaced brick refractory .

tiers 8 support a charge-receiving hearth 8 com-
prising a plurality of spaced rails (0 on which
the charge is moved into and from the heat-
treatment chamber. A gas inlet pipe Il passes
through the shell T and top wall § for introduc-
ing a suitable carbonaceous gas into the heat-
. treatment chamber ¢ from a gas-generator 12
which supplies such carbonaceous gas.

For heating the heat-treatment chamber 8 and
- the charge therein, heating means in the form of
a plurality of spaced heating-units {3 are pro-
vided along the top and bottom of the heat-treat-
ment chamber, the furnace walls and cuter shell
being provided with suitable holes for accommo-
dating the units. Each such unit comprises a
heater-rod 14. So called “Glo-bar” rods com-
prising essentially silicon-carbide, or a suitable
metal or-any other appropriate material may be
used for such heater-rods.: These rods {4 extend
across the width of the heat-treatment chamber
- 8, and partially into spaces in the side walls 2

and 3; and, in order to conduct electricity to
them, each of their ends contacts electricity con-

ducting terminal rods (8. Terminals 1§ of any

suitable form may be provided for pressing the

terminal rods against the associated heater-rod.

14 so that the last is expansively held in slight
compression, the extent of which may be varied.
Conductors 17, connected to the terminals 16, con-
vey electrical power to and from the heating-
units. In each heating-unit 18, the terminal rods
I8 and the heater-rod 14 are preferably solid:
and electrically insulating sleeves 18 surround
terminal rods 15 and the end portions of the
heater-rod (4, the holes in such sleeves being
slightly larger than the rods to perm‘t sliding
movement of the heater-rod 14 and termina] rods
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{§. The inner edges 18 of the sleeves (8. ter-

minate somewhat inside the side walls 2 and 3,
and the outer ends of the sleeves project outside
the furnace. - . ?
Protective means are provided to prevent con-
tact of the gas-atmosphere in the heat-treatment
chamber 6 with the heater-rods and terminal
rods. To this end, each heating-unit {3 com-
prises a hollow tube 20 which encompasses the
heater and terminal rods and the insulating
" sleeves 18 of the unit. The internal diameter of
the tube 20 is considerably greater than the di-
ameter of the rods 14. and 15. One end of this
tube 20, which may be of metal, has an annular
flange 21 gas-tightly welded thereto; the flange

21, in turn, being gas-tightly secured to the

shell 1 in any suitab'e manner. The outer end

of the tube is slidably, but gas-tightly, held in
position with respect to the shell T by a packing
gland 22 comprising two apertured plates 23 and
24 forming an annular cut-away V-groove which
holds a heat-resistant compressible packing 26
against the tube 20 in such manner that tighten-
ing of the nuts 27 on bolts secured to and pass-
ing through the shell 1, forces the packing firmly
against the outside of the far end 28 of the tube
20. A gasket 29 may be provided between the
shell T and plate 24 for gas-tightly sealing the
hole in the shell 7 through which the associated
end of the heating-unit 13 passes.

In operation, carbonaceous gas is admitted
through one or more gas inlet pipes I into the
heat-treatment chamber 6, preferably at a pres-
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sure slightly above atmospheric pressure so that 75
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@ plenum system results where the gas-at-
mosphere tends to leak out of the chamber §
through any crevices in the shell or separate gas-
vent means 30 may be provided to encourage
spent-gas leakage. The gas permeates the heat-
treatment chamber, being in direct contact with
the walls 2, 3, 4, B, the end walls of the furnace
and the cylindrical outside of the tubes 20, and
enveloping any charge on the hearth 8. By apply-
ing electrical energy to the conductors 17 of each
of the heating-units {3, the heater-rods I4 heat

up, and heat is transmitted across the empty

space 31 between the heater-rods I4 and the

outer encasing tubes 20. The tubes 20, in tux}n, .

become hot and heat the chamber §. .
Carbonaceous gas around the hot tubes 20
breaks down and carbon accumulates on each of
the tubes 20.  Since these tubes 20 are electri-
cally insulated from the power-carrying parfs of

the heating-units, by means of the space 3} and -

insulating sleeves 8, such deposited carbon will
have no detrimental effect on the electrical con-
ducting properties of the electrical heating-units.

However, in time, the carbon deposited may
adversely affect the heat-transmission of the heat
from the-tube 20 to the chamber 8, so that my
invention further contemplates a carbon-remov-

ing means for keeping the tubes 20 fairly clean.

Such a carbon-removing means may comprise a
scraper plate 32 having a somewhat semi-circular
opening 33 therein which is somewhat larger than
the tube 20 so that the plate rests loosely on the
associated tube 20, and can be moved without
binding along the length of the tube for scraping
deposited carbon therefrom. A pair of rods 34,
secured to the plate 32, pass through guiding holes
the side-wall 2 and shell 1, being of sufficient
length, outside the furnace, to permit reciprocat-
ing the scraper plate the full width of the heat-
treatment chamber 6. Packing and packing
glands may be used to limit heat and gas losses
through the holes in the walls and shell through

which the different pairs of rods 34 pass; I have

found that, generally, the carbon deposit accumu-
lates on the top of the tube 20 so that it is un-

‘necessary to provide a scraping plate which com-
p

pletely surrounds the tube.

The securing of one end only of the tube 20
fixedly to the shell 7 permits the tube to expand
and contract with temperature changes by the
sliding of the other end of the tube in the gland
22. Any suitable metallic or non-metallic gas-
impervious material having satisfactory heat-
resistant qualities may be used-for the tube 20,
such as a nickel-chromium-iron alloy or other
heat-resistant composition. o

It is obvious that by utilizing my invention
charges may be gas-carburized without the need
of & muffle which may be an expensive item, espe-
cially for a large furnace such as one actually.
embodying my invention, which had a heat.-
treatment’ chamber with a length of ten feet, a
width of about two and one-half feet, and a
height of about three.and one-half feet, and re-
quired about twenty spaced heating-units,

Any suitable means may be provided for main-

taining the insulating sleeves loosely in position: .

for example, they may be provided with enlarged
heads 35 and retaining brackets 86 to prevent
excessive movement of the sleeves outwardly,
The sleeves {8 need not fit the tube snugly, but
preferably are sufficiently loose to allow for nec.
essary adjustments in position between these

treating process.

¢

‘parts during heating and cooling steps of a heat-
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‘While I have shown my invention in a preferred
form thereof, it is obvious that many expedients
may be utilized within the novel fundamentals

. of my invention.

I claim as my invention:

1. A muffleless industrial heat-treating furnace
comprising: non-metallic refractory walls defin-
ing a heat-treatment chamber; charge-support-
ing means in said chamber for supporting a
charge in said chamber in exposed relation to
said walls; means comprising gas-inlet means
for admitting a carbonaceous gas-atmosphere to
said chamber and causing the chamber to be
permeated by said gas-atmosphere; electrical
heating means comprising electrical heating-
portions for heating said chamber; protective
means for said heating means, comprising casing
means exposed in said chamber for encasing sald
electrical heating-portions for protecting said
electrical heating-portions from direct contact
with carbonaceous gas-atmosphere permeating
said chamber, said casing means being electri-
cally insulated from said electrical heating-por-
tions.

2. A muffleless industrial heat-treating furnace
comprising: non-metallic refractory walls defin-
ing a heat-treatment chamber; an outer sub-
stantially gas-impervious shell for said walls,
charge-supporting means in said chamber for
supporting a charge in said chamber in exposed
relation to said walls, a plurality of rod-like heat-
ing elements for heating said-chamber; s plu-
rality of hollow tube means, each associated with
and around a sald heating element, said tube
means being exposed in said chamber; means
comprising gas-inlet means for admitting a car-
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bonaceous gas-atmosphere to said chamber for -

enveloping, at least to some extent, the exposed
charge and said tube means; and means for said
tube means for removing deposited carbon there-
from. ‘
- 3. In a device of a class described, in combi-
nation, means defining a heat-treatment cham-
ber, tube means comprising a heat-transmitting
hollow gas-impervious tube-portion passing
" “through said chamber, means for permeating
said chamber with a carbonaceous gas-atmos-
phere, electrical heating means comprising a
heating conductor inside said tube portion in
electrically insulating heat-transmitting relation
thereto, and conducting means for conducting
electrical energy to and from sald electrical
heating means.

4, The invention of claim 3 including scraper
means resting on said tube-portion and movable
therealong for scraping carbon deposited on said
tube-portion by sald carbonaceous gas-atmos-

_ phere,
5. A muffieless industrial heat-treating furnace
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comprising: non-metallic refractory walls defin-
ing a heat-treatment chamber; an outer substan-
tially gas-impervious shell for said walls; charge-
supporting means in said chamber for supporting
a charge in said chamber in exposed relation to
said walls; a gas-impervious hollow tube passing
through said chamber; means for movably hold-
ing said tube in gas-tight relation to said shell;
means comprising gas-inlet means for admitting
8 carbonaceous gas-atmosphere to said chamber
for enveloping the charge therein; said hollow
tube being exposed to said gas-atmosphere; and
electrical heating means comprising a heating
conductor inside said tube in electrically insulat-
ed heat-transmitting relation thereto.

6. A muffleless industrial heat-treating furnace
comprising: non-metallic refractory walls de-
fining a heat-treatment chamber; an outer sub-
stantially gas-impervious shell for said walls;
charge-supporting means in said chamber for
supporting a charge in said chamber in exposed
relation to said walls; heating means for electri-
cally heating said chamber comprising a gas-im-
pervious hollow tube passing through said cham-
ber, means for holding said tube in gas-tight
relation to said shell, said holding means being
such as to permit relative displacement of an end
of said tube whereby to permit expansion and
contraction of said tube with changes in tem--
perature,

7. The furnace of claim 5 further comprising
cleaning means operable for cleaning carbon de-
posited on said tube by said gas-atmosphere, said
cleaning means comprising a carbon-removing
device inside said furnace, which is relatively
movable with respect to the outside of said tube,
said cleaning means comprising operating means
therefor outside said shell, .

8. The furnace of claim 6 further comprising
cleaning means operable for cleaning carbon de-
posited on said tube by said gas-atmosphere, said
cleaning means comprising a carbon-removing
device inside said furnace, which is relatively
movable with respect to the outside of said tube,
said cleaning means comprising operating means
therefor outside said shell.

9. The furnace of claim 5 further comprising
a scraper loosely about the top of said tube, said
scraper heing movable along said tube, and means
comprising a rod passing through a guiding hole
in one of said walls and said shell for moving

‘said scraper back and forth along said tube.

10. The furnace of claim 6 further comprising
& scraper loosely about the top of said tube, said
scraper being movable along said tube, and means

comprising a rod passing through a guiding hole

in one of said walls and sald shell for moving
said scraper back and forth along said tube,

WILLARD ROTH.




