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. To all whom it moy concern:
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. Be it known that we, Joux E. CARNAHAKR
and ArtHUR J. Maskrey, both citizens of
the United States, and both residing at
Canton, in the.county of Stark and State of
Ohio, have invented a mnew and  useful
Method of Oxidizing Steel or Iron Sheets,
of which the following is a specification.
The invention relates to the oxidation of
the surface of steel or iron sheets, for the
purpose of giving them a uniform bluish
color; as, for instance, sheets which have

. been pickled and annealed.

The process of annealing the sheets leaves
them with a well-defined marginal band of
blue color, and the remaining middle por-
tion of the sheets with a distinctly lighter

or silvery color, which different colors are -

emphasized by the ordinary method of cold
rolling the sheets before bluing the same,
which bluing is usually done by- heating
them in packs and then exposing the sheets

to an. oxidizing element, as, for instance,

the air: And more generally, in most if not
all of the prevailing processes for bluing
steel sheets, the sheets ‘are heated for an-

nealing purposes, usually in packs, to a tem-

perature considerably higher than that
which causes the maximum degree of oxida-
tion; and the bluing of the sheets is accom-

plished, or is supposed to be accomplished,

by subjecting them to an oxidizing agent
after they have been partially cooled and
separated,. or during a gradual cooling of
the sheets. o ' i '

In tempering steel or iron in the presence
of an oxidizing agent, it has been found that
there is substantially no oxidation on the

surface until the metal is heated to some

400° F.,-until which time the surface re-
mains in the fatural whitish or silvery color;

That at 430° F. it is oxidized to'a faint yel-,

low color; that at 450° F. it is oxidized to a
straw color; that at 470° F. it is oxidized to
a yellow or gold color; that at 490° F. it is

oxidized to a brownish color; that at 510°.

T it is oxidized to a brown with purple
spots; that at.530° F. it is oxidized to a pur-
ple color; that at 550° F, it is oxidized to a
bright blue color; that at 560° F. it is oxi-
dized to a darker blue color; that at 600° F.
it is oxidized to a deep blue color; and that

1

Specification of Letters Patent.

Patented June 1, 1915.

Application filed August 16, 1912. Serial No. 715,371.

at all temperatures higher than 700° F., or

thereabout, the surface is oxidized to a gray-
ish blue color, which is the final color for
the oxidized surface of iron or steel; and

55

furthermore, that no material change of -

color takes place at temperatures higher
than some 700 to 900° F.

It is evident that, in all processes where
the sheets must be cooled, and especially
where they must be separated from a pack
before being subjected to the oxidizing
agent, it is practically impossible to have all
the sheets and the various portions of the
several sheets reduced to an equal or umi-
form temperature for oxidation, with the
result that there is a lack of uniformity of
oxidation throughout their surfaces, which
gives diffevent shades of color to the several
sheets and to different parts of the same
sheet. For these reasons, it has heretofore
been practically impossible to satisfactorily
supply the insistent demand of consumers
of sheet metal for the several different col-
ors of oxidation and the various shades

~thereof which are desired for use in the sev-
eral arts. In this connection, we have dis-

covered that when steel or iron sheets have

“been cold rolled or polished before they have

been blued, and have then been brought to
a heat sufficiently high to finally oxidize
them to a grayish blue color, as, for instance,
from 700 to 900° F.; the sheets will begin to
lose the polish and gloss which has been pro-
duced on the surﬁ'xce by the cold-rolling
process, and the damage or destruction to
the polished surface is increased in propor-
tion to the additional excessive heat to,which
the sheet is or may be subjected ; and finally,
such excessive heat ¢auses such a depth of
oxidation as will result in a scaling of the
same when the sheet is bent; all of which
results in a loss by destroying the commer-
cial value of the sheet, and by the useless
expenditure of fuel for producing the ex-
cessive heat. And again, it is believed that
steel or iron sheets which have been oxi-

. dized in the presence of superheated stéam,
"are more susceptible to rust or corrosion

when they are subjected to the action of the

"atmosphere or other elements, than are those

sheets which have been oxidized by other
well known agents, as, for instance, atmos-
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10

pheric air, and the like; and especially, when
oxidized sheets have been immersed in wa-
ter, as for cooling, they are all the more sus-
ceptible to rust and corrosion, unless they
are thoroughly dried without delay.

The object of the present invention is to
avoid the difficulties and losses incident to
the prevailing processes, some of which are
thus eniumerated, and more particularly, to
oxidize steel or iron sheets uniformly

. throughout their surfaces by a continuous
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_process, to any one of the various colors or.

shades of color within the range of the nat-
ural colors produced by the oxidation at the

1,141,769

ber 9, whence the gases of combustion and
the heat pass laterally through the fire
ports 16, then rise through the fire flues 11,
then converge through the crown ports 17,
into the crown flue 12, and are carried off
through the stack flues 18, and the stack 19.
One stack flue 18 is preferably located ad-
jacent to each end of the furnace and one or
more intermediate stack flues may be pro-
vided, and all are supplied with dampers 20,
by ‘means of which the draft can be con-
trolled so that the furnace will be uniformly
heated from end to end. By this construc-
tion and arrangement of the furnace it is

various degrees of temperature; and this ob- evident that the tunnel chamber 10, will be

ject is attained in a ‘general way, by subject-
ing the sheets to the action of a preferably
indirect heat in the presence of a suitable
oxidizing agent, until the temperature of the
sheet is raised to the degree necessary for
oxidizing the surface to the desired degree

or particular color, after which the sheet

- may be cooled by any of the well known and

25

ordinary methods without affecting or vary- -
inﬁ\' the color. : ‘ : '
- The improved process, in so far as the step

of bluing the sheets is concerned, is prefer-
ably performed in a longitudinally extend-.

~ -ed furnace, as illustrated in the accompany-
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ing drawings, forming part hereof, in

-which,—

‘Figure 1 is a vertical-longitudinal section

| of the furnace; Fig. 2, a plan section thereof
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“on 2—2, Figs. 1 and 3; Fig. 3, a cross section

thereof on line 3—3, Fig. 1; Fig. 4, a longi-

- tudinal section of the gas burner; Fig. 5, an

end view of the track plates; and Fig. 6, a
fragmentary side view showing a track joint.
Similar numerals refer to similar parts
throughout the drawings. e
The walls of the furnace may be made of
any suitable material, as for instance of
brick laid in fire clay, and include the base
walls 1, the side walls 2,,.and the spaced wallg
3 of the tunnel ¢hamber; which walls are
respectively connected by the base arch 4, the
combustion chamber arch 5, the tunnel cham-
ber arch 6, and the crown arch 7; the said
walls and arches being so spaced apart as to
form the base tunnel 8, the combustion
chambers 9, the tunnel chamber 10, the fire
flues 11, and the crown flue 12; the combus-
tion chamber 9 being laterally separated by
the longitudinal partition 13 and longitudi-
nally by.the transverse partitions 132, while
the fire flues 11 and the crown flue 12 prefer-
ably extend continuously between the end
walls 2* of the furnace. :
- Any desired form of fuel may be used for
heating the furnace, and when gas is em-
ployed the same is supplied by the main
pipe 14® and introduced through the series
of burners 14 discharging into the lateral

- ports 15, leading into the combustion cham-

entirely surrounded, excepting at the ends,
by the various flues and ports, thus enabling
this chamber to be.intensely heated by an
indirect heat, that is to say, by heat con-
ducted through and radiated from the walls
on all sides of the tunnel. While it may not
be essential to inclose the heating tunnel on
all sides, as for instance, the tunnel chamber
arch 6, might be omitted, yet it is preferred

-to use this arch so as to positively prevent

the gases and products of combustion from
entering the tunnel chamber to-impinge and
discolor the sheets therein.

The sheets are conveyed through the tun- -

nel ‘chamber by means of the endless chains
21, operating around the sprocket wheels on
the shafts 23 and 28* journaled at the ends
of the furnace, and preferably driven by the
engine 24 and gearing 25. Two chains are
preferably employed, the upper strands of
which travel lengthwise through the tunnel
chamber in the longitudinal channels 26
formed in the track plates 27; and the lower
strands of the chains travel through the base
tunnel 8 and may be supported at intervals
by the idle sprocket wheels 222 located at in-
tervals therein. . The track plates 27, are
made in lateral sections joined together by
the bolts 28, and longitudinal sections
abutted together, and the joints formed by
the abutting ends alternate between the se-
curing bolts; and the track plates prefer-
ably rest loosely upon a bed of sand laid
upon the combustion chamber arch 5, form-
ing the bottom of the tunnel chamber which
permits an expansive movement of the plates
without affecting the bottom of the tunnel
chamber. : .

The conveyer chains are preferably pro-
vided with a series of pins 29, upon which
pins the steel or iron sheets 30 are carried
through the tunnel chamber and the forward
ends of the track plate flanges 31 and 81¢
are beveled as at 32 at each joint, so that if
the edges of the sheets hang down upon the
track flanges, they will be deflected upward
by the beveled edges of the flanges without
being stopped. .

The ends of the tunnel chamber are closed
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by the doors 33 which are preferably ar-
ranged to slide upward and downward ; and
the lower edges of the doors, when the same
are closed by being dropped downward, are

located just far enough above the ends of

the chain pins 29, to permit a sheet travel-
ing on the pins to pass underneath said
edges. The interval between the lower edges
of the doors 83, and the floor of the tunnel
chamber are furthermore closed by the
swinging shields 34 ‘and 34*, which are
hinged to the lower edge of the doors 33.
The middle shield 34, has its lower edge
notched to correspond with-the transverse
contour of the track plates and the con-
veyer chains with the pins thereon, so that

~ this plate will normally hang downward

20

25

30:

and close the middle portion of the interval
between the lower edge of the door 33 and
the bottom of tunnel chamber. A

The middle shield 84 is made slightly
longer than the width of the sheet ordi-
narily passing through the tunnel, so that

this shield alone will ordinarily be deflected

by a sheet in passing into and out of the
ends of the tunnel. The swinging shields
342, are arranged to normally close the in-
terval on each side of the middle shield 34,
but are adapted to swinging on their hinges
to permit the passing of a sheet of more than
ordinary width. By means of these doors
and swinging shields, it is evident that the

~tunnel chamber is substantially closed ex-
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cept for the temporary opening made by the

swinging shield when a sheet is passing into
or out of the ends of the tunnel; and when
necessary for the purpose of providing a
fresh supply of air into the tunnel for prop-

- erly oxidizing the sheets therein, a series of

lateral air ports 85 may be provided in the
furnace and walls and the intervening tube
36; and air under pressure may be supplied
into these ports, and also into the gas burn-
ers, by means of the pipe 37 and 37* con-
trolled by the valves 38 and. 38 leading

from the main air pipe 39 which is con-

nected with a suitable source of supply.

As preliminary steps in the general proc-
ess of bluing the sheets by the improved
method, we prefer to pickle the sheet-bars
from which the sheets are rolled to remove
all scales or oxidation thereon. After the
sheets are rolled and sheared to proper size,
they are then pickled to remove all oxida-
tion. on their surfaces, washed in water to
remove all traces of the pickling acid and
then while wet are preferably given one or
two passes between cold rolls. This pre-
liminary cold-rolling of the sheets is pre-
ferred because the partial finishing of the

- sheets at this stage of the process renders

unnecessary an excessive cold-rolling thereof
after the sheets have been blued and avoids
the resulting undue hardening of the same.

After the wet cold-rolling, they are then an-
nealed in the usual manner, and after being
cooled and separated are ready for the blu-
ing furnace.

For bluing the sheets, the tunnel chamber
is heated as uniformly as possible through-
out its entire length, to or somewhat in ex-
cess of the temperature required for oxidiz-
ing the sheets to make the. desired color on
their surfaces, as for instance, to a bright
red heat, the doors and swinging shields
on the ends being preferably closed to retain

-the heat in the chamber, and the conveyer

chains are placed in operation. The sheets
are then entered, one at a time, into the for-
ward end- of the tunnel chamber upon the
pins of the conveyer chains, the swinging
shield being temporarily opened in so do-
ing; and are carried by the conveyer chains
in succession through the tunnel chamber,
to the rear end thereof, where they emerge
by temporarily opening theswingingshields.

The speed of the conveyer chains is so

proportioned to the length of the tunnel

chamber and the heat therein, that the sheets
will be retained within the chamber long
enough to bring them to the temperature
necessary for oxidizing the surfaces to the
desired degree or particular color; and when
the sheets emerge from the chamber they
may be ‘cooled by any of the well known
and ordinary methods without affecting or
varying the color.

A mere inspection of the sheets as they
emerge from the rear end of the tunnel
chamber will show the extent to which they
have been oxidized within the chamber, that
is to say,.the color which has been produced
thereon ; and, if there is not sufficient oxida-
tion to produce the desired color, the speed
of the conveyer chains is first reduced to
retain the sheets in the tunnel chamber dur-
ing a longer period, and the-heat in the
chamber is then preferably increased so that
the faster speed of the chains can be re-
sumed. o
. The oxidation of the sheets in the tunnel
chamber takes up the oxygen of the heated
atmospheric air therein and leaves the re-
sultant nitrogen gas in the chamber; and
in the event there is not sufficient supply of
atmospheric air admitted and a correspond-

“ing displacement of the nitrogen gas by the

temporary opening of the swinging shields
at the end of the tunnel chamber to properly
oxidize the sheets therein, additional atmos-
pheric alr is introduced into the chamber at
such points and in such quantities as may be
required through the lateral air ports in the
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sides of the furnace; the positive introduc- -

tion of which atmospheric air under pres-
sure serves to positively displace the nitro-
gen gas in the chamber, and thus replenishes
and purifies the air within the chamber to
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be in the proper condition for the most per-
fect oxidation of the steel or irom sheets
therein. : : :

It will be understood that the temperature
to which the furnace is held for oxidizing
the sheets to produce any desired color, will
depend upon the length of time required for
the sheets to pass through the tunnel cham-
ber, that is to say, the length of time to
which the sheets are subjected to the heat
of the furnace; and accordingly a lower heat
may be employed in a longer tunnel cham-
ber or when the sheets travel with less speed,
than is required in a shorter tunnel cham-
ber or when the sheets pass through the
same more rapidly; the essence of this step
of the process consisting in heating the
sheets to, but not beyond, the particular
temperature required for oxidizing them to
produce the desired color and then withdraw-
ing the sheets from the furnace or the action
of the heat, irrespective of the particular ap-
paratus employed or the character of the
heat to which the sheets are subjected. After
the sheets are thus blued, they are. passed
once or twice between the cold rolls to give
them the desired polish or finish, without
unduly hardening them; and for making
certain higher grade sheets for special pur-
poses the sheets may then be re-blued by

passing them again through the tunnel.

chamber of the furnace, although such re-
bluing is not essential for producing a uni-
‘form  color to the surfaces of the several
sheets and the different parts of the same
sheet, which is accomplished by once pass-

ing the sheets through the improved bluing

furnace.

The apparatus which is jllustrated and
described, but not claimed herein, is made
the subject-matter of a separate application
filed herewith. ' o -

We claim:. ,

1. The process of oxidizing steel or iron

sheets which consists in subjecting the sheets

_to the action of heat in the presence of an
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oxidizing agent until they are heated to
but not beyond the temperature required for
oxidizing the surfaces to the desired color,
and then withdrawing them from the action
of the heat. o :

2. The process of oxidizing. steel or.iron
sheets which consists in subjecting separate
sheets to the action of heaf in the presence
of an oxidizing agent until they are heated

to but not beyond the temperature required -

for oxidizing the surfaces to the desired
color, and then withdrawing them from the
action of the heat. - ,

3. The process of oxidizing steel or iron
sheets which consists in subjecting the sheets
to the action of an indirect heat in the pres-
ence of an oxidizing agent until they are

heated to but not beyoud the temperature re-

1,141,769

quired for oxidizing the surfaces to the de-
sired color, and then withdrawing them
from the action of the heat.

4. The process of oxidizing steel or iron
sheets which consists in subjecting separate
sheets to the action of an indirect heat in

the presence of an oxidizing agent until

they are heated to but not beyond the tem-
perature required for oxidizing the surfaces

‘to the desired color, and then withdrawing

them from the action of the heat. ,

5. The process of oxidizing steel or iron
sheets which consists in subjecting the
sheets to the action of heat in the presence
of an oxidizing -agent in a substantiaily
closed chamber until they are heated to but
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not beyond the temperature required for -

oxidizing the surfaces to the desired color,
and then withdrawing them from the action
of the heat. . :

6. The process of oxidizing steel or iron
sheets which consists in subjecting separate
sheets to the action of heat in the presence

85

of an oxidizing agent in a substantially

closed chamber until they are heated to but
not beyond the temperature required for
oxidizing the surfaces to the desired color,
and then withdrawing them from the action
of the heat. :

7. The process of oxidizing steel or iron
sheets which consists in subjecting the sheets
to the action of an indirect’ heat in the
presence of an oxidizing agent in a sub-

stantially closed chamber until they are

heated to but not beyond the temperature
required for oxidizing the surfaces to the
desired color, and then withdrawing them
from the action of the heat. ‘
.8.-The process of oxidizing steel or iron
sheets which consists in subjecting separate
sheets to the action .of an indirect heat in

_the presence of an oxidizing agent in a sub-

stantially closed chamber until they' are
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heated to but not.beyond the temperature -

required for oxidizing the surfaces to_the

" desired color,-and then withdra,wing) them

from the action of the heat.

9. The process of oxidizing steel or iron
sheets which consists.in heating the sheets
in the presence of a controlled supply of
an oxidizing agent until they are heated to
but not beyond the temperature required for

110
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oxidizing the surfaces to the desired color, .

and then withdrawing them from the action
of the heat. o :

10. The process of oxidizing steel or iron
sheets which - consists in heating separate
sheets in the presence of a controlled sup-

ply of an oxidizing agent until they are

heated -to but not beyond the temperature
required for oxidizing the surfaces to the
desired color, and then withdrawing them
from the action of the heat. S

11. The process of oxidizing steel or iron
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sheets which consists in subjecting the sheets
to an indirect heat in the presence of a con-
trolled supply of an oxidizing agent until
they are heated to but not beyond the tem-

5 perature required for oxidizing the surfaces

to the desired color, sand then withdrawing
them from the action of the heat.

12. The process of oxidizing steel or iron
sheets which consists in subjecting separate

- 10 sheets to an indirect heat in the presence of

a controlled supply of an oxidizing agent
until they are heated to but not beyond the
temperature required for oxidizing the sur-
faces to the desired color, and then with-
drawing them from the action of the heat.
JOHN E. CARNAHAN.
ARTHUR J. MASKREY.
Witnesses: '
Pame A. H. TerrELL,
Cuas. M. Bawi.
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