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UNITED STATES

PATENT OFFECE

WILLIAM T. WELLS, OF HACKENSACK, NEW JERSEY,

PROCESS OF COATING IRON AND STEEL WITH RUSTLESS OXIDE,

SPECIFICATION forming part of Lietteis Patent No. 382,447, dated May 8, 1888,
Application filed November 18, 1887. Serial No. 235,513, (Specimens.)

To all whom it may concern:

Be it known that I, WiLriam T: WELLS, a
citizen of the United States, residing in Hack-
ensack, in the county of Bergen and State of
New Jersey, have invented a certain new and
useful Improvement in Process of Coating
Iron and Steel Surfaces with Rustless Oxide;
and I hereby declare the following to bea full,
clear, and exaet description of the same, such
as will enable othersskilled in theart to prac-
tice the invention, reference being had to the
aceompanying drawings, which form a part
hereof.

The invention relates to.the protection of |

iron and steel surfaces by the production of a
rustless coating thereon, and has for its object
the moreeconomical,reliable,and effectual pro-
duetion of such a coating than is possible by
any process heretofore devised; and it consists

of the improved process herein described and’

claimed. o
Heretcfore superheated steam and carbon
dioxide have severally been employed in pro-

-cesses to produce a rustless surface on iron and

steel articles, but the processes have been un-
successful when attempted to beused on alarge
commereial scale,-and at best the results have
been uncertain and unsatisfactory.
Intheprocessemploying superheafed steam,
(known asthe ¢ Barff process,’”’” and described
in Letters Patent of the United States, No.
182,148, dated September 12, 1876,) the arti-
cles of iron or steel that it is desired to pro-
vide with a rustless coating are placed in a
muffle or chamber constructed so as to be
closed or partly closed. External heat isthen
applied to the muffle or chamber until the

iron or steel has agquired a temperature suffi--

ciently elevated .to cause the decomposition of
steam, which is then injected into the muffle
or chamber until the protective coating has
been produced; or, instead of applying exter-
nal heat to-the muffle or chamber, the steam
itself is superheated, and is relied npon to
sufficiently heat the iron or steel to cause the
action totake place, and the protective coat-
ing to be formed. The latter of these two pro-
cesges is imperfect in its operation, and unre-
liable, and 1s not possible of application inan
ordinary muffle, but requires expensive steam-
tight chambers for the operation. The for-
mer process is expensive in the great loss of

heat entailed by the external heating of the
muffle, and is imperfect in its results. The
steam in the ordinary muffle under the high
external heat of the process seems to be a too
vigorous oxidizer of the iron or steel, and
efforts to eontrol the process and make it reli-
able and certain in its results have met with
little success.

In the process of employing carbon dioxide,
(knownasthe ¢ Bower process,”” and described
in Letters Patent of the United States, No.
234,524, dated November 16, 1880,) the arti-
cles of iron or steel are placed in a retort which
is subjected to the action of external heat, and
carbon dioxide (COQ,) is passed directly in,
among, and over the articles under treatment.
The operation which takes placeis understood
to be as follows: The carbon dioxide, in pres-
ence of the iron or steel at the high tempera-
ture, parts with one atom of oxygen, which it
gives up to the iron or steel, forming an oxide

or oxides of iron, and then passes off as car-.

bon monoxide,(CO,) the oxide oroxides of iron

‘formed being the protective coating desired.

Several modifications of the method of heating
up-the iron or steel articles have been sug-
gested, and of the particular method of bring-
ing the heated iron or steel and the carbon
dioxide into effective contact; but the results
-ofthe process have not been satisfactory. Parts
of a charge are found to be greatly oxidized
and parts too little oxidized, and the process
seems to be one impossible to precisely and
successfully control with largeé charges such
as must be'operated upon, andin ordinary fur-

_naces such as mtst be used in order to make

the process at all available commercially. . It
has also been suggested to uniformly oxidize
the charge in excess at first by burning car-
bon monoxide with an excess of air in and
around the charge, producing red oxide or
sesquioxide of iron on its surfaces, and then to
deoxidize partially by passing carbon monox-
ide without any admixture of air over the still
heated charge, reducing the red oxide to black
ormagneticoxide, the rustless coating desired;
but the same irregularity of result on differ-
ent parts of the charge attends this method,
and greater care and attention and time inap-
plying the process add nothing to the certainty
and reliability of the result.

The present invention is of a new process
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for the production of a rustless coating upon
iron or steel, and it is devised and adapted to
economically and reliably produce such coat-
ing in an even and impenetrable layer all
over the surfaces of the charge and every Ppart
thereof, and to be equally effective in its ap-
pl1e'w10n to large and to small charges, and in
ordinary furnaces, avoiding at once the ex-
pensive retorts and special muffles of the old
processes and the blistering and overoxidiz-
ing incident to those processes as well as their
general irregularity of result.

In practicing the invention I place the
charge, which may be of any size,in an ordinary
muffle or heating-chamber, and I heat up the
charge gradually and thoroughly through sev-
eral hours in any desired way, and preferably
cleanseand otherwise prepare it,as hereinafter
deseribed. I then inject into said heating-
chiamber a mixture of steam and carbon mon-
oxide, so that the atmosphere in contact with
the heated charge shall, as far as practicable,
congsist of steam and carbon monoxide. Ithen
close the chimney damper or dampers of said

5 heating-chamber, and leave the mixture of

steam and carbon monoxide to act upon the
heated charge forseveral hours—varying with
the size of the charge, &c., generally aboub
five hours—taking pains to permit the escape
of -the hydrogen generated thereby. The
charge, when allowed to cool, will be found to
be of a uniform color all over its surfaces
wherever the mixture of steam and carbon
monoxide has been in contact with it in its
heated condition, and the coating will be found
to be an even and impenetrable and continu-
ous coating of rustless oxide of iron. The
chemical operations that proceed in this new
process, so far as they are abt present under-
stood by me, seem to be’as follows: The mix-
ture of steam and carbon monoxide in contact
with the heated surface of the iron or steel
oxidizes the metallic iron and the lower ox-
ides, raising all to the rustless oxide, and it
simultaneously reduces the higher oxides to
the same uniform rustless oxide, and the
mixture also partially scales off or otherwise
removes the higher or red oxide in the shape
of a fine red dust-of oxide of iron, which is
generally found settled on the drag or charg-
ing plate of the heating-chamber, the unitary
effect being to produce over the previously
heterogeneous surfaces of the iron or steel a
homogeneouns layer or coating of rustless ox-
ide, even and continuous over the entire sur-
faces of the iron or steel and integral with the
massof themetal. TInthisoperationthesteam
of the mixture appears to be the active agent
in producing the oxidizing results; but insuch
operation it is limited and controlled by the
presence and action of the carbon monoxide
of the mixture. In the general operation,
also, the earbon monoxule appears to be the
acblve agent in producing the deoxidizing ef-
but in such operation it is limited and

controlled by the presence and action of the
The carbon monoxide also appears to

steam.

operate to burn up or consume the free oxy-
gen of the steam and the oxygen of the air that
may leak-into the chamber during the progress
of the operation—a leakage which is unavoid-
able in practice—which air,'with its free oxy-
gen,would otherwise attack the heated iron of
the charge and raise it in spots to a red oxide.
The elements of the charge in contact with
each other and operating together, and oper-
ating under much heat, work together to pro-
duce the unitary result deseribed. Thesimul
taneous and conjoint operation of the steam
and carbon monoxide in contact with the
heated surface of the iron or steel charge,
whatever the previous condition of the sur-
face, effects the complete eccnversion of that
surface into the black or maguetic oxide, and
to a depth and with a character continuous,
tenacious, and integral with the internal inass
or body of the iron or steel, which causes it
to form an impenetrable rustless coating and
to act as a complete pxoteetxon of the entlre
mass or charge from injury by rust.

The best method which I have discovered of
carrying out the invention is as follows: It
being understood that the various steps which
I now describe as preceding the process here-
tofore described are preparatory steps pre-
ferred to be carried out by me in embodying
my invention and tending to perfect the ulti-
mate result produced, but to which I do not
wish my broad invention to be limited.

I first place the charge of iron or steel arti-
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cles of, say, twelve thousand pounds weight

‘in an ordinary muffle or heating-chamber, and

then I heat up the charge gradually through
a period of twelve hours, more or less, vary-
ing with the size of the charge, &e. It is im-

portfmt not to heat any parb of the charge so
hot as to blister it, and yet every part of the
charge must be raised to the dull- red heat re-

quired. I prefer to use the gas made by the
well-known Siemens producer for the pur-
pose of thus gradually heating the charge, and
to admit air in limited quantities into the
chamber along with the gas coming from the
producer, just enough to consume the latter
and to give a small flame in the chamber.
During this operation the dampers will be
open, permitting escape of the products of
combustion to the chimuey. The heating
should be gradual, whereby blistering of the

-parts of the charge will be avoided, and

whereby the whole charge will be evenly and
equally heated, and should be so controlled
that.the charge will reach its maximum of
heat at about the end of twelve hours. . For a
smaller charge a shorter period of time is re-
quired. The. surface of the charge may be, by
this particular method of vraduql heatxng,
somewhat oxidized, both to a red and a black
oxide; but the effeet is irregular and patchy
where it does appear at all, and is not of any
importance in our general process. At the
end of the heating step of the process T turn
off the gas from the Siemens _producer, and
also the air, aud T introduce steam into the
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hot chamber containing the heated .charge,
and after the steam has blown the remnants
of the gas out of the chamber I close the damp-
ers of the same and leave the steam turned on
for some thirty minutes or thereabout. This
ismerelyacleaningstep,thesteam operating to
clean the surface of the charge and free it from
scale and foreign substance, and thereby. pre-
pare it for the steps of the process that follow.
Thechargeisvery hot during thiscleaningstep,
and the steam seems to operate to scale off and
remove mechanically or othérwise a part of
the red oxide from the surface of the charge,
ifany be present. At the-completion of this
cleaning step of the process I turn off the
steam from the chamber and introduce carbon

"monoxide; and> when the atmosphere of the

chamber is cleared of the steam thereby I
close the dampers again, and submit the charge
in its very hot condition to the action of the
carbon monoxide alone for an hour and a half,
more or less.

The operation of the carbon monoxide is to
partly remove the red oxide or sesquioxide of
iron that may have existed upon the surface of
the ‘charge or been produced thereon by the
earlier steps of the process, leaving in its place
magnetic oxide or lower oxides, or even metal-

lic iron, these black parts of the surface being-

intermixed with irregular patches of red ox-
ide, but of fine microscopie texture, and all
substantially integral with the body or mass
of the metal of the charge, the rough and scaly
separable portions of the oxide on the surface
having disappeared as the result of the last
two above-deseribed steps of the process. The
charge is thus prepared in the best manuer
known to me for the final and essential step
of the process. I now turn on the steam and
leave the carbon monoxide turned on and the
chimney-dampers of the chamber closed, and
for five hours, niore or less, Isubmit the charge
to the operation of the mingled steam and car-
bon monoxide, as heretofore described. The
heat of the charge at the beginning of the op-
erationshould beadull-red heat,and air should
be excluded as far as practicable. The steam
need be under little or no pressure, and may
or may not be superheated before being intro-
duced into the chamber. This last or fourth
step is the essential step of the process, and is
the one in which is produced the effective rust-
less coating of black or magnetic oxide that is
sotight. :

Thefirst three or preparatory steps described
above conduce to the ultimate production of a

more perfect and homogeneous protective coat--

ing, and may be employed, one or all of them,
in conjunction with the final step of the pro-
cess, as deseribed, or that single and essential
step may be employed alone.

I employ any ordinary muffle er heating
chamber of the usnal ‘construction, and do not
require any special appliances to make it—for
instance, absolutely air-tight or steam-tight, or
capable of standing high pressure, &ec.—as my

processis adapted to proceed successfully with-
out the use of elaborate or costly apparatus.

I do not limit myself to the employment of
any particalar kind of apparatus. The fol-
lowing is a description, however, of what I
consider the best means or apparatus for car-
rying out the invention, the accompanying
drawings forming a part of this specification.

Figures 1 and 2 are vertical longitudinal sec-
tions of the furnace, which is an ordinary fur-
nace of ‘masonry, about five feet high, fifteen
feet long, and six feet wide. Figs. 3 and4are
horizontal sections of the furnace. Figs.5and
6 are transverse vertical sections of the fur-
nace. The section shown in Fig. 1'is made on
the line f f of Fig. 3 and on the line¢eof Fig.
5. Fig.2 is a section on the line g ¢ of Fig. 5.
Fig. 3 is a section on the line 2 % of Fig. 1 and
on the line ¢ « of Fig. 2. TFig. 4 is a section
on the line b bof Figs.1and 2. Fig. 5isasec-
tion on the line d 4 of Fig. 2. Fig. 6 is a see-
tion on the line ¢ ¢ of Fig. 2.

The respective parts are shown in the sev-

eral figures as follows, the same letters repre-
senting the same parts.
V is a'gas-valve. A is an air-valve. G is

a gas-flae. H is a steam-valve. Cis a com-
bustion-chamber. O is an opening into the
port-chamber. "I1isa port-chamber., & & hare
port-holes. T is a heating-chamber. I isthe
escape-valve. D is the chimney-damper.
is the chimney-flue. = P is a checker-work-in
the combustion-chamber. s s s are sight-holes
in the back of the heating-chamber. I L are
curtains of masonry.

‘Whenthearticles are tobe treated for the pro-
duction of a rustless oxide upon their surface,
they are placed in the heating-chamber T by
being drawn inupon a drag through the doors
B. The charge is then heated up gradually
and thoroughly through a period of from ten
to twelve hours, varying with the size of the
charge, and preferably by the admission of
gasfroma Siemens producer, admitted through
the gas-flue G by opening the valve V, a small
quantity of air being admitted for the pur-
pose of combustion by opening the valve A,
during which operation the damper D is open,
permitting escape of the products of combus-
tion to the chimney. The gas entering through

V commingles with the air passing through A

at the extremity of the curtain L, and is aided
in its commingling by the checker-work P in
the combustion chamber; and theburning gas,
passing through O, enters the port-chamber I,
from which, through the port-holes & 5, it
passes up, around through, and over the charge
inT, and thenee through the port-holes A into
the escape-flue Eto the chimnéy-flue I When
the charge has been sufficiently hesatéd so as to
show throagh the sight-holes a dull-red heat,
the valves V.and A are closed and steam from
any convenient generator is admitted through
the valve H, and after the remnantsof the gas
have been displaced from the chamber the
damper D is closed and the steam is forced in
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for a period of thirty minutes or thereabout.
This step is found to clean the surface and
prepare it for the steps that follow. I then
close the valve H, open the damper D, and
open the valve V, and when the atmosphere
of the chamber is cleared of the steam I close
the damper D and submit the charge to the
action of the gas free from air for upward of
an hour and a half. T now open the valve H,
and for five hours or thereabout submit the
charge to the operation of the mingled steam
and carbon monoxide, excluding the air as far
as praeticable.

I donot in the presentapplication claim the
special apparatusherein shown and deseribed.

I am aware that various processes for pro-
tecting iron and steel surfaces have been pat-
ented that employ steam and a hydrocarbon
vapor, or other vapor having an excess of car-
bon, the two being applied either alternately
or simultaneously, as, for example, in the pat-
ents to J. P. Gill, Nos. 283,999, 284,000, and
284,001, dated August 28, 1883, and to W. D.
‘Wood, No. 252,166, dated January 10, 1882;
but such processes proceed by and have their

382,447

utility in the carbides or carburets of iron that
are producedin the body or mass of the iron or
steel, near the surface of the same, and are
therefore wholly distinct from my process in
operation and results, and I do not lay any
claim to them.

‘What I.claim as new, and desire to secure
by Letters Patent, is— '

1. The process, substantially as described,
of protecting iron and steel articles from rust,
which consists in subjecting such articles ata
high temperatire to the action of mingled
steam and carbon monoxide.

2. The process, substantially as described,
of protecting iron and steel articles from rust,
which consists in subjecting such articles ata
high temperature to the action of steam, then
subjecting them to the action of carbon mon-
oxide, and then subjecting them to the action
of mingled steam and carbon monoxide.

WM. T. WELLS.

Witnesses: »
CHARLES E. LYDECKER, .
FrEDERIC T. COOPER.
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