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[57] ABSTRACT

Chromized ferrous metal sheet material is prepared by
a novel open pack chromizing process. In practicing
the process, an adhesive composition, an adherent par-
ticulate coating of a source of chromium, and dispersed
adherent spacing particles are applied on at least one
side of the ferrous metal sheet material. The spacing
particles are substantially uniform in size and larger
than the chromium particles. The adhesive composi-
tion has an adhesive characteristic under the conditions
of the process whereby an adherent coating containing
the inert particles and chromium particles is formed in

the absence of compaction. A plurality of layers of the
coated sheet material are assembled into a pack, and

the resulting open pack is subjected to an elevated
chromizing temperature in a protective atmosphere

and in the presence of a halogen-containing energizer
to produce chromized ferrous metal sheet material.

The adhesive for the spacing particles and chromium

particles preferably includes the halogen-containing

energizer. The invention further provides composite

ferrous metal sheet material coated with the adhesive,

the chromium particles and the spacing particles which

is especially useful for preparing open packs for chro-

mizing. The invention is also useful when practicing

other processes wherein ferrous metal or other metal

sheet material is heat treated, such as carburizing, de-
carburizing, nitriding and diffusion processes in general

wherein a metallic or a non-metallic substance is inti-

mately contacted with the ferrous metal or other metal

sheet material and diffused into the surface thereof.

26 Claims, No Drawings
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OPEN PACK HEAT TREATMENT OF METAL
SHEET MATERIAL USING SIZED PARTICLES AS
SPACING MEANS

BACKGROUND OF THE INVENTION

This invention is broadly concerned with the heat
treatment of metal sheet material. The invention fur-
ther relates to metal sheet material having dispersed,
adherent, sized spacing particles on at least one sur-
face, and to improved open packs prepared therefrom
for use in the heat treating processes of the invention.
In a more specific variant, the invention relates to the
preparation of chromized ferrous metal sheet material
by a novel open pack chromizing process.

Ferrous and other metal sheet materials are heat
treated in a number of prior art processes such as car-
burizing, decarburizing, nitriding, and diffusion pro-
cesses in general. In processes of this type, a pack in-
cluding a plurality of contiguous layers of the sheet ma-
terial is purged free of objectionable substances, the
sheet material is heated to the treating temperature
throughout the pack and maintained at the treating
temperature for a sufficient period of time to carry out
the heat treatment, including reaction with a reactive
substance in many instances, and thereafter the heat
treated sheet material is cooled.

For a number of reasons, it is desirable to reduce the
period of time that is required for purging, heating, and
cooling the pack of sheet material, and to maintain a
reasonably minimum temperature gradiant in the pack
during the heating and cooling steps. A shorter thermal
cycle speeds up the overall heat treating process, and
it is possible to reduce costs substantially as the rate of
production is increased and less labor and heat treating
equipment are required. When heat treating large
closed packs of sheet material with no provision for
spacing between contiguous layers, the innermost por-
tions of the pack require a long period of time to reach
the desired temperature and even so the outermost por-
tions must be subjected to undesirably higher tempera-
tures to drive the heat in. As a result, there is a possibil-
ity of producing a non-uniform heat treated product
where an objectionably large thermal gradiant exists in
the pack over a substantial period of time. It is also
more difficult for the purging gases and reactive gases
(when used in a specific heat treating process to impart
desirable properties to the sheet material) to uniformly
penetrate the innermost portions of the pack and this
further increases the time of treatment and the possibil-
ity of producing a non-uniform heat treated product.

The prior art has made an effort to overcome the
above mentioned problems by using open pack heat
treatment wherein the contiguous layers of sheet mate-
rial are spaced sufficiently to allow relatively large vol-
umes of purging, temperature control and reactive
gases to be passed freely therebetween in intimate con-
tact with substantially the entire surface area of the
sheet material. This allows the purging, heating and
cooling steps to be completed in only a fraction of the
time required in closed pack heat treatment. A substan-
tially uniform temperature is maintained throughout
the pack during the heating and cooling steps, and all
of the sheet material receives the same amount of heat
treatment. The contaminants are uniformly removed
by the purging gas, and reactive gases when used are
maintained at about the same concentration through-
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out-the pack. As a result, it is possible to markedly
shorten the thermal cycle and at the same time avoid
the possibility of producing a non-uniform heat treated
product. Representative prior art U.S. Pats. are Nos.
2,409,384, 3,109,877 and 3,114,539. From one aspect,
the present invention constitutes an improvement on
this prior art.

In accordance with one prior art method of forming
an open pack, continuous ferrous metal strip is coiled
together with wire, nylon cord or like filamentary
means to form a coil with contiguous convolutions
spaced a distance suitable for open coil heat treatment.
After securing the innermost and outermost convolu-
tions to the next adjacent convolutions to prevent un-
coiling, the coil is turned on its end and the filamentary
spacing means may be removed to provide open pas-
sageways between the spaced contiguous convolutions.
It is expensive to prepare an open coil for heat treat-
ment by this method due, in part, to the need for expen-
sive coiling equipment, for large quantities of high cost
spacing means, and the large amount of labor required
for coiling the strip and spacing means and thereafter
removing the spacing means when this is done. Also,
after the spacing means is removed the contiguous con-
volutions sometimes do not remain uniformly spaced.
This is due to non-uniform strip shape and the tendency
of the strip to uncoil, thereby increasing the spacing be-
tween some contiguous convolutions and decreasing
the spacing between still other contiguous convolu-
tions. Where the filamentary spacing means are not re-
moved circulation of gases between convolutions of the
coil is much reduced. The method has the further dis-
advantage that in heat treating processes such as chro-
mizing where a solid reactive substance is used, it is
necessary to roll the solid material into the surface of
the ferrous sheet material to form a strongly adherent
coating before coiling using the spacing means. The
solid material rolling step is time consuming and the
equipment and labor costs are high.

The present invention overcomes the above and
other disadvantages of the prior art methods of prepar-
ing open packs of metal sheet material for use in a wide
variety of heat treating processes. The present inven-
tion is especially useful in the preparation of chromized
ferrous metal sheet material by a diffusion process
wherein a coating of an iron-chromium alloy is pro-
duced in situ on ferrous metal sheet material by heating
in the presence of a metallic chromium-containing ma-
terial and a halogen-containing energizer or carrier.
Examples of chromizing processes of this type are dis-
closed in a large number of prior art references includ-
ing U. 8. Pats. No. 1,853,369, 3,163,553 and
3,312,546. The chromized ferrous metal sheet material
thus produced should have a substantially continuous,
uniform, corrosion resistant, iron-chromium alloy
layer, and it must be produced at low cost if it is to be
competitive with other commercially available corro-
sion resistant ferrous metal products.

One prior art chromizing process includes applying a
slurry containing finely divided metallic chromium, a
specific type of energizer, and a finely divided filler ma-
terial having a particle size less than that of the metallic
chromium.to a ferrous metal article to be chromized:
The slurry is dried, and the article is subjected to chro-
mizing conditions. It is necessary to use a closed pack
chromizing process since insertion and removal of a



3,753,758

3

spacing wire or cord would injure the dried slurry coat-
ing.

Another prior art chromizing process involves apply-
ing a particulate coating of powdered ferrochromium
on one or both sides of ferrous metal strip and rolling
the coated strip to compact the particles to produce a
compacted adherent layer of ferrochromium on one or
both sides of the strip. An energizer is applied to the
coated strip and the strip is close coiled and sintered at
a chromizing temperature. This process has not utilized
the prior art open pack chromizing because of the addi-
tional costs involved.

Still another prior art chromizing process is disclosed
and claimed in commonly assigned copending U. S. ap-
plication Ser. No. 35,252, filed May 6, 1970, in the
names of James N. Baker et al. for Process for Prepar-
ing Chromized Ferrous Metal Sheet Material and the
Resultant Articles, the disclosure of which is incorpo-
rated herein by reference. The disadvantages of earlier
chromizing processes are overcome and a highly satis-
factory process is provided for chromizing ferrous
metal sheet material when employing a chromium
source material in particulate form. The invention of
application Ser. No. 35,252 may be readily adapted to
high speed commercial coating lines and an exception-
ally uniform product is produced in a minimum of pro-
cessing steps. As a result, costs are reduced very sub-
stantially without sacrificing quality. However, no pro-
vision is made for open pack chromizing because of
prior art high costs and the thermal cycle in the chro-
mizing step is relatively long and expensive. The ther-
mal cycle could be shortened and costs further reduced
if a suitable open pack chromizing process were avail-
able for use in combination with the process of the co-
pending application. Also, in instances where very
large coils of ferrous metal strip are chromized, the
need for precautions against the possibility of the chro-
mized product being non-uniform due to the limitations
of closed coil chromizing would be eliminated.

The present invention provides a greatly improved
process for open pack chromizing which may be prac-
ticed in conjunction with the above discussed and other
prior art pack chromizing processes. The costs of the
pack chromizing process may be reduced very substan-
tially as the rate of production is increased, and less la-
bor, equipment and materials such as fuel are required.
It is therefore possible to produce high quality chro-
mized ferrous metal sheet material at competitive
prices.

It is an object of the present invention to provide a
novel process for heat treating a pack of metal sheet
material wherein an open coil of the sheet material is
formed in a novel manner.

It is a further object to provide an improved open
pack which is especially useful in heat treating metal
sheet material in accordance with the process of the in-
vention.

It is a further object to provide coated ferrous metal
sheet material having on at least one side thereof an ad-
hesive material and a particulate coating including dis-
persed, adherent, spacing particles.

It is a further object to provide coated ferrous metal
sheet material which is especially useful in preparing
open packs for the chromizing process of the invention,
the sheet material having on at least one side thereof an
adherent coating including non-compacted chromium
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particles and relatively large, dispersed, adherent spac-
ing particles.

Still other objects and advantages of the invention
will be apparent upon reference to the following de-
tailed description and the examples.

‘DETAILED DESCRIPTION OF THE INVENTION
INCLUDING PREFERRED VARIANTS THEREOF

The present invention is useful in practicing a wide
variety of processes wherein ferrous metal sheet mate-
rial is heated to an elevated temperature, then heat
treated at the elevated temperature, and thereafter
cooled. Examples of processes of this type include ni-
triding, carburizing, decarburizing, chromizing, and
prior art diffusion processes in general wherein a metal-
lic or a non-metallic substance is intimately contacted
with ferrous metal sheet material and diffused into the
surface thereof. The general conditions which are nec-
essary to practice prior art heat treating processes of
this type are disclosed in numerous United States pa-
tents and literature references, including the text “The
Making, Shaping and Treating of Steel,”” 8th Edition,
published by United States Steel Corporation, the
teachings of which are incorporated herein by refer-
ence. Portions of this text which are especially perti-
nent include pages 939, and 1058-1059 wherein chro-
mizing, nitriding, carburizing and decarburizing pro-
cesses are discussed. The processing conditions such as
temperature and period of heating and reactive sub-
stances which may be present are disclosed and may be
used in practicing the present invention.

In a number of prior art heat treating processes, a
gaseous or a solid substance is reacted withh the fer-
rous metal sheet material while it is being heat treated
to impart desirable properties thereto. In instances
where the reactive substance is a gas, then it is possible
to introduce the gaseous reactant into the atmosphere
in contact with a pack of the ferrous metal sheet mate-
rial. For example, ammonia may be supplied to the fur-
nace atmosphere during a nitriding process, and meth-
ane and/or carbon monoxide may be supplied to the
furnace atmosphere during a gas carburizing process,
and gaseous chromyl chloride may be supplied to the
furnace atmosphere from an outside source during a
chromizing process. In instances where a solid reactive
substance is used, a layer of the reactant is provided be-
tween the contiguous layers of ferrous metal sheet ma-
terial in the pack. For example, in carburizing pro-
cesses powdered charcoal, coke or other carbonaceous
substances and a carburizing energizer may be pro-
vided between contiguous layers of the ferrous metal
sheet material in the carburizing pack. In chromizing
processes, a source of metallic chromium and a chro-
mizing energizer may be provided between contiguous
layers of the ferrous metal sheet material in the chro-
mizing pack.

In accordance with the process of the present inven-
tion, an adhesive composition and a plurality of spacing
particles are applied on at least one side of the ferrous
metal sheet material to be heat treated. In instances
where the sheet material is to be treated with a solid re-
active substance to impart desirable properties thereto,
then the adhesive composition and the solid reactive
substance also may be applied on at least one side of
the ferrous metal sheet material. The adhesive compo-
sition, the spacing particles, and the solid reactive sub-
stance may be applied sequentially in any desired or-
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der, or any two of the same may be applied simulta-
neously, or all three of the same may be applied simul-
taneously. In one variant, an adhesive composition and
the spacing particles are applied on one side of the fer-
rous metal sheet material, and an adhesive composition
and the finely divided reactive substance are applied on
the other side. In another variant, adhesive composi-
tion, spacing particles and finely divided reactive sub-
stance are applied on one side only of the ferrous metal
sheet material, or on both sides thereof.

A wide variety of adhesive compositions may be used
in practicing the present invention. As used in the spec-
ification and claims, the terms ‘“adhesive’ and “‘adhe-
sive composition” are intended to embrace substances
and admixtures of substances which have sufficient ad-
hesive characteristics under the conditions of the pro-
cess whereby the spacing particles and/or the solid re-
active substance are held against movement relative to
the metal sheet material while they serve their purposes
in the process. In some instances, the adhesive compo-
sition may not have an adhesive characteristic initially,
and the adhesive characteristic is developed when the
adhesive composition is subjected to the conditions of
the process.

The adhesive composition may be organic and/or in-
organic in nature, and it is selected and applied in an
amount to result in the desired adhesive characteristics
under the processing conditions. Prior art adhesives
may be used, and the adhesive processing conditions
are selected so that the desired adhesive characteristics
are obtained. Examples of organic adhesives include
natural and synthetic polymers such as natural rubber,
synthetic rubber, methyl cellulose and polyviny! pyrrol-
idone, high molecular weight alcohols such as tridecyl
alcohol, tacky organic liquids and solids in general, and
a variety of solvent soluble organic compounds which
act as an adhesive upon evaporation of the solvent. Ex-
amples of inorganic adhesives include the alkali metal
metasilicates, the alkali metal polymetaphosphates,
and inorganic compounds in general which have an ad-
hesive characteristic under the processing conditions.
In some heat treating processes such as carburizing and
chromizing, certain inorganic salts may be used as an
energizer, and the adhesive composition may include
the energizer. If desired, the adhesive composition may
comprise a mixture of two or more of the foregoing
substances, and especially in instances where one of the
substances is deficient in a desired property such as
tackiness. For example, often improved results are ob-
tained when organic binders or adhesives such as natu-
ral and synthetic polymers or tacky organic liquids are
admixed with energizers such as inorganic salts.

It is usually preferred to apply a substantially contin-
uous coating of the adhesive composition to at least
one side of the sheet material, and this variant is dis-
cussed hereinafter in connection with the chromizing
process of the invention. In another variant, the adhe-
sive composition may be applied to only that portion of
the surface area of the sheet material to be coated with
the spacing particles and/or the solid reactive sub-
stance. For example, a liquid adhesive composition
may be admixed with the spacing particles and/or reac-
tive particles in an'amount to wet the surfaces, and the
wetted particles may be scattered over the sheet mate-
rial. Alternatively, a liquid adhesive composition may
be admixed with the spacing particles and/or the reac-
tive particles in an amount to form a slurry, and the
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slurry may be applied to the sheet material in an
amount to form a coating which includes the adhesive,
the spacing particles and/or the reactive particles. In
still another variant, the adhesive composition may be
applied to the sheet material in the dry state using a
shaker screen, metering rolls, electrostatic deposition,
a simple aerosol directed onto the upper surfaces, or.a
fluidized bed, and thereafter the spacing particles and-
Jor reactive particles are applied. In instances where
the adhesive composition includes a volatile solvent, it
is usually preferred to remove the solvent from the
coated sheet material by heating at an elevated temper-
ature. However, a drying step may not always be neces-
sary.

The spacing particles should be sufficiently refrac-
tory to withstand the temperature of the drying step,
where used, or the temperature of other processing
steps prior to the completion of an open pack from the
coated sheet material. Where it is important that the
contiguous sheet material remain uniformly spaced
during the heat treatment, as when a gaseous atmo-
sphere must contact substantially the entire surface of
the sheet material in order for a chemical reaction to
take place, or where the spacing particles are necessary
to maintain the spacing for any reason during heat
treatment, the spacing particles are formed from a
highly refractory material which will withstand the
highest temperature to be used in the heat treatment,
such as aluminum oxides, magnesium oxide, refractory
clay, silicious rock, shale and the like. In one variant,
the spacing particles are composed of substances which
volatilize, decompose or melt at the temperatures of
the heat treatment, but only after the open pack-is
formed and spacing means are no longer needed. Usu-
ally it is preferred that the spacing particles be inert
under the processing conditions, but reactive spacing
particles may be used in certain heat treating processes.
The spacing particles for chromizing processes may be
metallic chromium-containing material, for example,
large particles of the chromizing powder being used for
the chromizing. In such case the spacing particles are
larger than an economical size for the chromizing ac-
tion and therefore substantially larger than the prepon-
derance of chromium containing particles present on
the metal sheet material.

The spacing particles may be formed of a solid sub-
stance which decomposes under the heat treating con-
ditions into inert constituents or into one or more reac-
tive constituents. Examples of the latter are ferrous or
ferric fluoride as chromizing energizers and pellets of
compositions for use in carburizing, decarburizing, ni-
triding and the formation of other cases and coatings.

The spacing particles should be from about -one
thirty-second to about one-fourth inch and preferably
from about one-sixteenth to about three-sixteenths
inch in size. The spacing particles should be substan-
tially uniform in size, and larger than particles of the
reactive material when present. The spacing particles
should have a size whereby they engage contiguous lay-
ers of the coated sheet material to thereby determine
the spacing of contiguous layers in an open pack assem-
bled therefrom. In fact the limitations on how large the
spacing particles can be may be economic. The larger
the spacing the less metal sheet material can be treated
at one time in a furnace and there is little advantage in
using spacing particles larger than the minimum space
necessary to get a good flow of gases between the layers
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of metal sheet material. In a preferred variant, where
the sheet material is readily marred, the spacing parti-
cles have a consistency such that the pressure applied
thereto when assembling an open pack from the coated
sheet material will deform or peripherally crumble
them to reduce the size of the largest spacing particles
without marring the sheet material. This increases the
number of spacing particles in engagement with contig-
uous layers of the chromizing pack, accommodates
variations in sheet material shape and allows the use of
spacing particles which have a practical degree of uni-
formity. Spacing particles prepared from relatively soft
materials such as refractory clay, or spacing particles
prepared from harder substances such as silicious stone
and shale which have frangible projections are capable
of being reduced in size by application of moderate
pressure and the coated sheet material thus is not
marred or deformed when preparing the open pack.

The solid reactive substance should have a particle
size substantially smaller than the spacing particles. In
‘most instances, the particle size (Tyler screen) should
not be greater than about minus 30 mesh, and smaller
particles are usually preferred such as between 100
mesh and 300 mesh.

The chemical composition of the reactive substance
will vary with the nature of the heat treatment. For ex-
ample, in chromizing processes the reactive substance
is a finely divided source of metallic chromium. In car-
burizing processes, the reactive substance is a source of
carbon. In nitriding processes, the reactive substance
may be a solid organic or inorganic ammonium com-
pound or other suitable nitrogen-bearing compounds
which decompose at the treating temperature to pro-
vide nitrogen for the nitriding reaction. In instances
where the reactive substance has an adhesive charac-
teristic under the conditions of the process, it may be
used as the adhesive composition or as an ingredient
thereof.

A finely divided filler material also may be applied to
the sheet material either separately or in admixture
with the spacing particles and/or reactive substance.
Examples of finely divided filler materials and the pre-
ferred methods of applying the same are discussed
hereinafter in connection with the chromizing variant
of the invention.

The spacing particles may be in contact with a sur-
face of the sheet material or may be in contact with a
surface of the coating formed by the reactive material
and in this specification and appended claims both lo-
cations are embraced when the spacing particles are
referred to as on or adhering to the coated sheet mate-
rial.

A plurality of layers of the coated sheet material pre-
pared as described above are assembled into an open
pack for the heat treatment thereof. In instances where
the coated sheet material is in the form of discrete
sheets, the pack may be conveniently assembled bby
stacking the coated sheets in superimposed relation-
ship. When the coated sheet material is in the form of
continuous strip, the strip may be coiled to form an
open pack. The coated strip may be coiled under a line
tension of, for example, approximately 25-250 pounds
per inch of width, and the refractory particles should be
spaced sufficiently close and have a consistency
whereby the contiguous convolutions are held in a
spaced relationship without denting or otherwise dam-
aging the surface finish. In most instances, between
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about 12 and about 144 of the spacing particles should
be applied per square foot of surface area, and prefera-
bly about 40 to about 80 particles per square foot.
Where there is little pressure or line tension on the
sheet material and/or hard sheet material and/or hard
spacing particles, then less than 12 spacing particles
may be needed, and at high line tensions or pressures
and/or soft sheet material and/or soft spacing particles,
more than 144 spacing particles per square foot may be
required.

The spacing particles can be applied in any conve-
nient and conventional manner, such as by a shaker
screen. The dispersion or spacing between spacing par-
ticles need not be uniform and a random pattern con-
sistent with an average number of particles per square
foot is satisfactory. The spacing particle pattern should
extend across the full width of the sheet material or at
least for a great enough portion of the width to main-
tain the entire width at the desired spacing from the
contiguous sheet material in a pack.

The open pack assembled from the coated sheet ma-
terial is subjected to prior art heat treating conditions
in a protective atmosphere. Following the heat treat-
ment, the treated sheet material is cooled, brushed
lightly to remove the spacing particles, if any remain,
inert filler when present and particles of any reactive
substance which did not react with the substrate,
washed with water, and dried. The heat treated sheet
material thus produced is of high quality and substan-
tially uniform throughout the pack. A more detailed
description of the foregoing steps appears hereinafter
in the discussion of the preferred variants of thee inven-
tion.

THE PRESENTLY PREFERRED CHROMIZING
PROCESS

In practicing one presently preferred variant of the
chromizing process of the invention, ferrous metal
sheet material is subjected to the usual scrubbing and
washing steps of the prior art for the removal of dirt,
scale, oil, grease, and other surface contaminants
which would adversely affect the subsequent steps. For
example, the sheet material may be pickled in sulfuric
acid, washed, and electrolytically treated as an anode
and/or as a cathode in aqueous alkaline and/or acidic

* electrolytes. Sheet material cleaned in this manner is

washed in fresh water and dried, and it is ready to be
wetted with a volatilizable liquid containing a chromiz-
ing energizer and/or binder.

The ferrous metal sheet material may be low carbon
steel having, for example, a carbon content of about
0.001-0.1 percent and preferably about 0.01-0.05 per-
cent. Suitable low carbon steel sheet materials are
available commercially and include cold rolled contin-
uous strip produced from rimmed steel or vacuum de-
gassed steel. Discrete sheets may be prepared from the
continuous strip by shearing it into desired lengths. The
thickness of the sheet material may vary greatly, but for
most uses it should have a thickness of about
0.003-0.125 inch. Black plate of tin plate gage is satis-
factory for many end uses that require light stocks.
Heavier stocks having thicknesses varying between
about 0.018 inch and 0.060 inch are useful in the man-
ufacture of automobile mufflers, bumpers and the like.
It is understood that still other sheet materials are satis-
factory and the chemical compositions and thicknesses
thereof may be in accordance with prior art chromizing
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practices. The term ‘“‘sheet material” as used in the
specification and claims is intended to embrace contin-
uous ferrous metal strip, discrete ferrous metal sheets
and the like.

A uniform film or coating ‘of the volatilizable liquid
containing the chromizing energizer and/or binder is
applied on at least one side of the clean dry sheet mate-
rial. The resulting wet sheet material is passed through
a powder deposition zone and a coating of powdered
metallic chromium-containing material is applied
thereon. The wet sheet material is also passed through
a deposition zone where spacing particles are applied
thereon, either before during or after application of the
volatilizable liquid and/or metallic chromium-
containing material. The wet freshly coated sheet mate-
rial is heated at an elevated temperature over a period
of time sufficient to volatilize the liquid. An adherent
coating including the powdered metallic chromium and
the spacing particles is formed upon volatilizing the lig-
uid. Thereafter a plurality of layers of the coated sheet
material may be assembled into an open pack without
compacting the particulate coating. The resulting open
pack is sintered at an elevated chromizing temperature
for a sufficient period of time to provide both sides of
the strip with a chromized coating.

Chromizing energizers include halogen-containing
compounds and mixtures thereof which are disclosed in
the prior art as being suitable halogen sources in prior
art chromizing processes. Numerous prior art chromiz-
ing energizers, which are sometimes referred to as car-
riers, are disclosed in U. S. Pats. No. 1,853,369,
3,163,553, 3,222,212 and 3,312,546, and copending
application Serial No. 35,252, the disclosures of which
are incorporated herein by reference. Iron halides and-
for the hydrates of iron halides are the presently pre-
ferred energizers. Specific examples thereof include
ferrous and ferric fluoride, chloride, bromide and io-
dide, and the mono-, di-, tri-, tetra-, penta-, hexa-, and
other hydrates thereof, all of which are referred to col-
lectively herein as iron halides. Ferrous and/or ferric
chloride and their hydrates usually give the best results.
Other metal halides include the ‘fluorides, chlorides,
bromides and/or iodides of manganese, cobalt, nickel,
chromium, aluminum, and the alkali metals, and the
hydrates thereof. The ammonium halides and espe-
cially ammonium chloride may be used alone or in ad-
mixture with one or more of the foregoing energizers.

The chromizing energizer is preferably dissolved in a
volatilizable normally liquid solvent. Water is the pre-
ferred solvent for use with ferrous and/or ferric chlo-
ride, and other water soluble chromizing energizers.
Other solvents include lower alcohols containing 1-8
carbon atoms, of which methyl, ethyl, propyl and iso-
propyl alcohol are preferred, normally liquid ketones
boiling below about 400° F. and especially those con-
taining about 3-8 carbon atoms, normally liquid hydro-
carbons and. especially distillate: petroleum fractions
such as kerosene, naphtha and light fuel oil, and nor-
mally liquid halogenated hydrocarbons boiling below
about 400° F. and especially those containing about
1-8 carbon atoms.

It is not necessary that the chromizing energizer be
dissolved. It is possible to prepare a suspension of the
chromizing energizer and the volatilizable liquid, with
or without the chromium particles and/or the spacing
particles, and the suspension may be applied to the
sheet material and dried to form an adherent coating.
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The chromizing energizer should be present in the
solution in a concentration whereby the required
amount is deposited on the sheet material upon evapo-
ration of the solvent. The solution may be applied in an
amount to wet the surface with a uniform film, and the
concentration is adjusted to provide approximately
1-10 grams, and preferably about 25 grams of the en-
ergizer on a dry basis per square foot per side of the
sheet material to be wetted. The weight ratio of the me-
tallic chromium content of the particulate coating to
the chromizing energizer is preferably about 2:1 to 5:1,
but it may be up to about 10:1. The solution may be ap-
plied to only one or to both sides of the sheet material
by spraying or by using other suitable techniques such
as wetted rolls. The surface should be uniformly wetted
with a thin film of the solution without pooling or run
off of liquid for best results. It is possible to employ
mixtures of two or more energizers, and also impure
mixtures which include an energizer. One mixture
which produces unusually good results is spent hydro-
chloric acid pickle liquor, and especially when it is con-
centrated by evaporation to a specific gravity of ap-
proximately 1.3-1.4 grams per cc or higher. If desired,
dry ferrous and/or ferric chloride may be added to the
pickle liquor to increase the concentration of ferrous
chloride and/or its hydrates up to 500-1000 grams per
liter, or more.

The source of metallic chromium may be commer-
cially pure chromium, or chromium alloyed with metals
which do not have an adverse effect upon the chromiz-
ing process. Usually ferrochromium is preferred and
for best results it should have a carbon content of 0.05
percent or less. Chromium-nickel-or chromium-nickel-
iron alloys in general may be used, and especially alloys
containing the chromium and nickel in the ratios exist-
ing in prior art stainless steels. Metallic nickel powder
may be codeposited with the source of chromium to
provide a desired chromium-nickel weight ratio. The
chromium-containing powder may be deposited on
other than ferrous metal substrates such as, for exam-
ple, nickel coated steel having a nickel coating thick-
ness of 0.005-0.002 inch, and preferably about 0.001
inch. The metallic chromium content of the source ma-
terial should be at least 20 percent by weight, and pref-
erably at least 50% by weight. The chromium content
of ferrochromium is preferably at least 70percent by
weight, and commercial ferrochromium containing ap-
proximately 72-84 percent chromium by weight is very
satisfactory.

The source of metallic chromium is in the form of
particles having a size useful in the selected method of
application. A number of different methods of applica-
tion are suitable, but it is usually preferred to contact
the substrate surface while wet with a gasecus suspen-
sion of the dry chromium particles under conditions
whereby they are directed thereon. Suitable methods of
application for applying dry finely divided materials in
general, may be used for the application of the chro-
mium particles, including electrostatic deposition, use
of a vibrating table or screen, a metering drum, or a flu-
idized bed. It is also possible to apply the chromium
particles in the form of a slurry. The presently pre-
ferred method is by electrostatic deposition using prior
art apparatus and techniques described in the literature
and in patents such as U. S. Pat. No. 3,090,353. The
chromium source has a particle size substantially
smaller than the spacing particles. The particle size
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(Tyler screen) should not be greater than about minus
5 mesh, and preferably not greater than about minus 30
mesh in instances where the substrate surface is con-
tacted with an aerosol of the chromium-containing par-
ticles. Commercially available particles having a Tyler
screen size between about minus 30 mesh and minus
350 mesh, an preferably about 150-200 mesh are satis-
factory.

The chromium containing material is deposited on
the ferrous metal substrate in an amount to provide a
desired weight of metallic chromium per unit of surface
area. Where the source of metallic chromium has a rel-
atively low chromium content, then the weight of the
deposited coating is adjusted accordingly to provide
the desired weight of metallic chromium. As a general
rule, the metallic chromium content should be at least
5 grams per square foot of coated surface area, and
preferably at least 9-10 grams. For better results, the
particulate coating should contain about 11-15 grams
of metallic chromium per square foot of coated surface
area, and the coating weight may be increased as de-
sired up to the practical upper limit which is usually
about 35-50 grams of metallic chromium per square
foot of coated surface area. The above chromium coat-
ing weights are calculated on a per side basis and are
based upon the metallic chromium content thereof.

The particulate source of chromium should be ap-
plied while the surface is still wet with the solution of
energizer and/or binder, and preferably immediately
after application of the solution and spacing particles.
When applied in this manner, the solution acts as a
temporary binder for the chromium particles and spac-
ing particles. The spacing particles previously de-
scribed are satisfactory, and may be applied by the
methods and in the amounts set out hereinbefore. It is
also possible to use metallic chromium-containing par-
ticles as spacing particles.

The solvent present in the green coating of chromium
and spacing particles may be removed by heating at an
elevated temperature. The coated substrate may be
passed through an oven which is maintained at a suffi-
ciently elevated temperature to rapidly evaporate the
solvent, and preferably at a temperature above the boil-
ing point of the solvent, for a sufficient period of time
to dry the coated substrate. A temperature of about
200°-350° F. and preferably about 260°-300° F. is sat-
isfactory when water is the solvent, and the substrate
may be heated, for example, over a period of about 15
seconds to 15 minutes or longer to assure that the free
water is completely evaporated and at least some of the
water of hydration is lost when a hydrated chromizing
energizer is used. When the energizer is ferrous chlo-
ride tetra- or hexa-hydrate and water is the solvent, the
coated substrate may be heated at a temperature and
over a period of time sufficient to evaporate the free
water and reduce the water of hydration sufficiently to
produce the mono- or di- hydrate of ferrous chloride.
Upon removal of the solvent, an adherent coating con-
taining particles of the source of chromium, the spacing
particles and the chromizing energizer is produced on
the coated substrate. Surprisingly, selected energizers
such as the iron halides and ferrous chloride in particu-
lar, are sufficiently effective as a binder to prevent the
chromium particles and the spacing particles from
being removed readily from the dried coated surface by
the further handling of the sheet material necessary for
heat treating.
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A plurality of layers of the dried coated sheet mate-
rial are assembled into an open pack for chromizing the
surfaces thereof, and arranged whereby the contiguous
layers of convolutions have at least one adherent coat-
ing containing the particulate chromium and spacing
particles therebetween. In instances where the coated
sheet material is in the form of discrete sheets, then the
open pack may be conveniently assembled by stacking
the dried coated sheets in superimposed relationship
without compacting the coating. When the sheet mate-
rial is in the form of a continuous strip, the dried coated
strip may be coiled without compacting the coating. If
the coating is compacted the spacing particles are ap-
plied to the strip after the compaction step. The coated
strip may be coiled under a line tension of approxi-
mately 20-200 pounds per inch of width, and the spac-
ing particles should be spaced sufficiently close to each
other and have a consistency whereby the contiguous
convolutions are maintained in a spaced relationship
and in an undeformed or undamaged condition.

The open pack thus prepared is heat treated in a pro-
tective atmosphere under prior art open pack chromiz-
ing conditions. Preferably, the pack is placed in a
closed vessel which is provided with an exhaust conduit
and conduits for supplying desired gases thereto for
purging and for maintaining the protective atmosphere,
and which has means for forced draft circulation of
gases through the open pack. Heating and cooling
means are also provided for bringing the pack rapidly
up to the desired temperature and rapidly cooling the
pack after the sintering action is completed. Suitable
apparatus of this type is disclosed in numerous referen-
ces including Wilson U.S. Pat. No. 3,109,877.

In one presently preferred heat treating cycle, the air
may be purged from the vessel with gaseous nitrogen or
with an inert gas. The nitrogen or inert gas atmosphere
remaining within the vessel after purging the air there-
from is replaced with a protective atmosphere includ-
ing hydrogen, or a mixture of hydrogen and inert gas
such as a gaseous mixture containing 95 percent argon
and 5 percent hydrogen. The open pack is heated to ap-
proximately 700°-800° F. and preferably to about 750°
F. while passing the protective atmosphere through the
vessel to remove air and volatiles. This temperature
may be held for approximately 5-20 hours and prefera-
bly for about 10 hours. After the purging is completed,
the temperature is raised to a chromizing temperature
of approximately 1,550°-1,850° F., and preferably to
about 1,725°-1,750°F. It is possible to perform the
above purging and heating steps in only a fraction of
the time normally required in closed pack chromizing
by forced draft circulation of large volumes of purging
and heating gases through the open pack.

The sintering or chromizing temperature is held for
a sufficient period of time to chromize the sheet metal
surface such as 10-80 hours and preferably about
20-40 hours. During the sintering step, gases are not
circulated through the open pack by forced draft circu-
lation unless a gaseous energizer is being used. The at-
mosphere is maintained at a positive pressure of about
1-2 inches of water. The atmosphere in the vessel may
be pure hydrogen, or a mixture of an inert gas such as
argon or helium and hydrogen. A gaseous mixture con-
taining about 95 percent argon and 5 percent hydrogen
is often preferred. During the sintering step, the chro-
mizing energizer provides halogen in the spaces be-
tween the contiguous layers of coated sheet material in
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the open pack, and especially next to the sheet mate-
rial. The halogen aids in chromizing the contiguous sur-
faces in a minimum period of time.

Following the chromizing step, the temperature is
lowered to approximately 650°-750° F. or below, and
the hydrogen-containing protective atmosphere may be
replaced with gaseous nitrogen. After reducing the
temperature still further to approximately 300°-400°F.
or below, the furnace may be opened and the chro-
mized sheet material may be removed. During the cool-
ing step, large volumes of cooling gases are passed
through the open pack by forced draft circulation, and
the pack is cooled in a fraction of the time normally re-
quired for closed pack chromizing. The chromized
sheet material is washed with water sprays and/or is
contacted with mechanically driven brushes to remove
residual chemicals, and inert filler when present, and
the spacing particles. Thereafter, the chromized sheet
material may be brushed or given other mechanical
treatment to produce ‘a lustrious finish, or it may be
temper rolled.

The process of the invention is especially useful for
producing a chromized layer on ferrous metal sub-
strates having a thickness of approximately
0.0005-0.01 inch, and preferably about 0.001--0.003
inch. Sheet material with chromized coatings having a
thickness of about 0.0015-0.0025 inch is useful in
many commercial applications and may be easily pro-
duced by the process described herein in a much
shorter period of time than when using the closed coil
chromizing of the prior art. The average chromium
content in the chromized layer should be between
about 12 and 30 weight percent, and for best results be-
tween about 18 and 25 weight percent.

The process of the invention may be readily adapted
to the operation of a continuous strip coating line of
prior art construction, and especially to horizontal high
speed lines which operate at strip speeds of about
500-1,000 feet per minute and higher. The strip is con-
tinuously uncoiled and is passed through successive
zones for wet cleaning the strip, drying the clean strip,
applying the solution of chromizing energizer and/or
binder on the top surface of the dried strip and prefera-
bly also on the bottom surface, electrostatically depos-
iting the particulate source of chromium on at least the
upper surface of the wet strip and if desired also on the
under surface, applying the spacing particles described
herein in a dispersed or scattered pattern on the upper
surface of the strip before, during or after depositing
the source of chromium by conventional means, such
as a shaker screen or the like, then drying the coated
strip by heating at about 200°-350° F. for about 1-60
seconds and preferably for about 5-30 seconds to re-
move- the solvent content of the solution and form an
adherent coating of the chromium and spacing parti-

cles in the absence of compaction, and then coiling.

The strip is preferably passed horizontally through the
chromium and spacing particle deposition zones and
then horizontally through the oven, so that the particu-
late chromium coating and the spacing particles on the
upper surface are not.disturbed prior to drying the
coated strip and coiling. When using a chromizing en-
ergizer which has an adhesive characteristic under the
drying conditions such as ferrous chloride, it is not nec-
essary to apply a separate binder prior to depositing the
chromium: particles and/or the spacing particles. The
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solution of energizer is also an excellent binder and a
uniform adherent particulate coating is formed.

- The energizer solution is preferably applied to both
sides of the sheet material so as to form, after evapora-
tion of the solvent, a dry layer thereof on each side.
This is of importance as upon heating an open pack as-
sembled therefrom to the sintering temperature, the
halogen content of the energizer is available for imme-
diate reaction with the layer of chromium-containing
particles and/or the ferrous metal surface. It is neces-
sary to apply the spacing particles to but one surface,
which is preferably the upper surface.

In instances where the chromizing energizer does not
have an adhesive characteristic under the processing
conditions (or is in the form of a gas), it may be desir-
able to apply a separate binder. The binder may be ap-
plied to the upper and/or lower surfaces of the sheet
material before, during or after applying the energizer
to form or to aid in forming an adherent particulate
coating containing the chromium- particles and the
spacing particles. The binder has an adhesive charac-
teristic under the processing conditions and prior art
binders may be used in the quantities disclosed in the
prior art. The binder may be applied in a dry state such
as in the form of a finely divided power, or in a liquid
state such as in the form of a solution, and in quantities
sufficient to form a tacky surface under the processing
conditions. Examples of suitable prior art binders in-
clude a 1-10 percent and preferably 2-5 percent aque-
ous solutions of sodium silicate, methyl cellulose, and
tacky polymers such as polyvinyl pyrrolidone.

In one variant, the solution of binder may be applied
separately to the substrate in the form of a thin film, or
a soluble binder may be added to the chromizing ener-
gizer solution and applied along with the energizer. The
other steps remaining in the preferred variant discussed
hereinbefore may remain the same, and the adherent
coating containing the chromium particles and spacing
particles may be applied to one or both sides. The
coated sheet material thus produced is dried, a plurality
of layers of the dried coated sheet material are assem-
bled into an open pack, and the pack is sintered as pre-
viously described. ‘

It is understood that a prior art chromizing energize
is present in the open pack at the time of sintering, and
it may be added in dry powdered form or as a solution,
slurry or gas by any convenient prior art method. For
example, a halogen-containing gas may be fed to the
closed chromizing vessel at the time of sintering the
open pack, or a dry powdered energizer, or a slurry of
an energizer may be applied to the sheet material by
any suitable convenient method before, during or after
coating with the chromium particles and/or spacing
particles.

In instances where the adherent powdered chromium
coating is applied only to the upper surface of the strip,
surprisingly it is possible to chromize both surfaces. If
desired, a full hard ferrous metal strip may be used as
the substrate, and the strip is annealed as well as chro-
mized during the sintering step.

It is not necessary to use an inert filler, but one may
be used when desired. Examples of inert fillers include
aluminum oxide, magnesium oxide, kaolin, bentonite,
and other inert refractory materials. The filler should
be finely divided, and it may have a particle size of
minus 100 mesh and preferably about minus 200 mesh
(Tyler screen). The filler may be applied in an amount
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of about 5-50 percent and preferably about 15-20 per-
cent by weight of the chromium source. The preferred
method of applying the filler is by electrostatic deposi-
tion, but other suitable methods may be used. For ex-
ample, the filler may be admixed with the source of
chromium and the admixture applied to the substrate
surface by electrostatic deposition after wetting with
the energizer and/or binder solution, and either before
or after applying the spacing particles.

OTHER CHROMIZING VARIANTS OF THE
INVENTION

The present invention may be practiced in combina-
tions with prior art pack chromizing processes to great
advantage. For example, Bethlehem U.S. Pat. No.
3,312,546 discloses a process for chromizing ferrous
metal sheet material wherein a tacky liquid film is ap-
plied as a binding agent, chromium powder is applied
to the wet strip, and thereafter the coated strip is sub-
jected to a rolling operation to compact the powder to
produce an adherent coating on the sheet material. In
practice the composite sheet material thus produced is
coiled and then uncoiled and recoiled with conven-
tional wire spacing means between the contiguous con-
volutions, and the resulting open pack is sintered in a
gaseous energizer atmosphere at a chromizing temper-
ature. '

The process of Bethlehem U.S. Pat. No. 3,312,546
may be modified by applying an adhesive and spacing
particles in accordance with the present invention to
the compacted chromium coated sheet material after it
emerges from the compacting rolls, and prior to coil-
ing. In such case the processing conditions existing in
the line between the compacting rolls and the coiling
step are such that an adherent layer of the spacing par-
ticles is formed. Thus with one coiling step the sheet
material carrying the spacing particles forms an open
pack of the chromium-coated sheet material which
may be subjected to prior art open pack chromizing
conditions.

Samuel U.S. Pats. Nos. 2,836,513, 2,885,301 and
2,885,332 disclose chromizing processes wherein a
slurry containing chromium or ferrochromium powder,
a halogen-containing chromizing energizer and a finely
divided inert filler is applied to ferrous metal articles to
be chromized, the slurry is dried to form a dry coating,
and the coated ferrous metal articles are subjected to
chromizing conditions in a protective atmosphere.

The processes of the above Samuel patents may be
modified in accordance with the present invention to
provide open pack chromizing processes. For example,
spacing particles may be added to the slurry, the admix-
ture is applied to ferrous metal sheet material, the ad-
mixture is dried, an open pack is prepared therefrom by
stacking discrete sheets or coiling continuous strip, and
the resulting open pack is subjected to chromizing con-
ditions. In a further variant, one of the slurries de-
scribed in the Samuel patents is applied to ferrous
metal sheet material, the spacing particles of the pres-
ent invention are scattered over the wet slurry coated
sheet material, the admixture of slurry and spacing par-
ticles is dried to form a coating, and the dried coated
sheet material is assembled into an open pack and
chromized.

The process of the present invention also may be
combined advantageously with gaseous chromizing
processes wherein chromium-containing gases such as
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chromic chloride and/or chromous chioride are pro-
duced at a point remote from the ferrous metal sheet
material to be chromized, and are thereafter passed in
gaseous phase into intimate contact with the sheet ma-
terial under chromizing conditions. Examples of pro-
cesses of this type and apparatus for use in practicing
the same are disciosed in U. S. Pats. Nos. 3,109,877,
3,183,888, 3,222,212, and 3,449,159. The processes
described therein may be modified by applying an ad-
hesive composition and spacing particles in accordance
with the present invention, and assembling the coated
sheet material into an open pack which preferably is in
the form of an open coil. When in the form of an open
coil, the coil is turned on its side and is positioned
above a grid in a chromizing furnace. Means is pro-
vided for forced circulation of chromizing gases
through the contiguous convolutions of the coil under
chromizing conditions, and the sheet material may be
chromized thereby.

THE CARBURIZING VARIANT OF THE
INVENTION

The present invention is especially useful in open
pack carburizing processes wherein a solid carbona-
ceous material is used as a source of carbon. In practic-
ing a carburizing process of this type, a solid source of
carbon which is preferably powdered coke, charcoal,
or a carbonaceous char, may be applied to ferrous
metal sheet material which has been first wetted with
an aqueous solution of a carburizing energizer such as
an alkali metal or alkaline earth metal carbonate. Thee
preferred source of carbon is usually powdered coke or
powdered charcoal, and the preferred carburizing en-
ergizer is usually sodium carbonate or barium carbon-
ate. The spacing particles are applied in the same man-
ner as discussed previously in the preferred chromizing
variant of the invention. Thereafter, the coated sheet
material is dried, coiled, and subjected to the carburiz-
ing conditions of the prior art.

It is also possible to use a slurry process for applying
the solution of carburizing energizer and powdered car-
bon source. A slurry thereof is prepared, either with or
without the spacing particles, and is applied to at least
one side of the sheet material. If the spacing particles
are not applied simultaneously with the source of car-
bon, they may be scattered over the slurry coated sur-
face prior to drying. The coated sheet material is then
dried, coiled, and subjected to carbkurizing conditions.

In a further variant, it is possible to apply a carbona-
ceous binder for the spacing particles, such as heavy
oils, greases, synthetic polymers and the like, to at least
one side of the sheet material. The spacing particles are
applied to at least one side of the sheet material and are
caused to adhere thereto by the carbonaceous binder.
A carburizing energizer may be applied along with the
carbonaceous binder or thereafter. For example, pow-
dered sodium carbonate may be admixed with heavy oil
or grease, and the admixture may be applied as a binder
for the spacing particles. The coated sheet material is
coiled, and is thereafter subjected to carburizing condi-
tions in a carburizing furnace. The carbonaceous
binder decomposses under the temperature conditions
of the carburizing process to yield carbon, which then
enters into the carburizing reaction.

Prior art carburizing conditions may be used in prac-
ticing the above variants. For example, the coated
sheet material may be heated in the open pack at a tem-
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perature of about 1,600°-1,800° F. and preferably at
about 1,700° F. over a period of time sufficient to form
a case depth of about one-sixteenth inch, which usually
requires about 8 hours. However, higher or lower tem-
peratures, and shorter or longer periods of heat treat-
ment may be used.

It is also possible to practice gas carburizing pro-
cesses in accordance with the invention. The sheet ma-
terial is first coated with the adhesive and spacing parti-
cles, and the coated sheet material is coiled. The result-
ing open coil is subjected to carburizing conditions in
the presence of a carburizing atmosphere, which may
contain methane, carbon monoxide, or other gaseous
carbonaceous materials.

THE NITRIDING VARIANT OF THE INVENTION

In practicing one preferred nitriding variant of the
present invention, an ammonium compound is used as
an adhesive for the spacing particles. Examples of am-
monium compounds include ammonium bicarbonate,
ammonium carbonate, ammonium sesquicarbonate,
ammonium carbamate, ammonium chloride, ammo-
nium sulfate and admixtures thereof. A solution of the
ammonium compound is applied to the sheet material
surface and the spacing particles are scattered there-
over. Upon drying, an adherent coating of the spacing
particles is formed on the sheet material and the coated
sheet material is coiled and subjected to nitriding con-
ditions in a nitriding furnace. Under the nitriding con-
ditions, the ammonium compound decomposses to pro-
duce decomposition products including gaseous ammo-
nia, which then enters into the nitriding reaction. It is
also possible to introduce gaseous ammonia into the ni-
triding atmosphere from an outside source in instances
where additional nitrogen is needed for the nitriding
reaction.

Alternatively, a slurry of the aqueous solution of the
ammonium compound and the spacing particles may
be prepared and applied to the sheet material surface.

The slurry is dried, the coated strip is coiled, and the

coil is subjected to nitriding conditions.

The nitriding conditions of the prior art may be used.
For example, the sheet material may be heated at a
temperature of about 900°-1,300° F. and preferably at
about 950°-1,000° F., over a period of time sufficient
to form a case depth of about 0.01-0.02 inch. This usu-
ally requires approximately 48 hours at a temperature
of 975° F., and longer periods at lower temperatures
and shorter periods at higher temperatures within the
foregoing range.

THE DECARBURIZING VARIANT OF THE
‘ INVENTION

The process of the invention is also useful in decar-
burizing ferrous metal sheet material. In practicing one
variant of the decarburizing process, the adhesive com-
position and spacing particles are applied to at least
one side of the sheet material to form an adherent coat-
ing, and an open pack is prepared therefrom as previ-
ously described. The open pack is placed in a decarbur-
izing furnace which is provided with means for forced
circulation of gases between the contiguous convolu-
tions or layers of the open pack. The decarburizing
gases may be in accordance with the prior art, and the
temperature and time of treatment may likewise be in
accordance with the prior art. Examples of decarburiz-
ing conditions are described in Wilson U.S. Pat. No.
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3,109,877, and the apparatus disclosed therein also
may be used. It is possible to reduce the carbon content
of the surface and thereby produce a decarburized
product which is especially useful for chromizing, and
in other processes which require a low surface carbon
content for optimum results.

The decarburizing process of the invention may be
combined advantageously with the gaseous chromizing
processes of the prior art, such as those described in
Blackman U.S. Pat. NO. 3,183,888 and Samuel et al
U.S. Pat. No. 3,222,212, In practicing the chromizing
processes of these patents, chromizing gases are -
formed at a point remote from the ferrous metal sheet
material, and then conducted by forced circulation
through a open pack. An open pack of ferrous metal
sheet material prepared in accordance with the present
invention may be subjected to the above described de-
carburizing process to produce a low surface carbon
content, and thereafter the decarburized sheet material
may be subjected to gaseous chromizing. The decar-
burizing process and the gaseous chromizing process
may be carried out in the same furnace by providing
means for generating and supplying the different atmo-
spheres that are required at the proper time.

The terms dispersed and scattered as used in this
specification and appended claims are intended to em-
brace both uniform and random distribution of parti-
cles on a surface of the metal sheet material or surface
of a coated sheet metal material.

The invention is further illustrated by the following
specific example.

EXAMPLE

This example illustrates the use of aluminum oxide
spacing particles in preparing chramized ferrous metal
strip by open coil chromizing process of the invention.

Full hard low carbon steel strip having a thickness of
0.025 inch is electrolytically cleaned in an aqueous al-
kaline solution, rinsed in fresh water to remove the al-
kaline cleaning solution, pickled in aqueous sulfuric
acid, rinsed in fresh water to remave the excess pickle
liquor, and dried. The cleaned strip is passed between
sprays and an aqueous solution containing approxi-
mately 90 grams of ferrous chloride tetrahydrate per

100 milliliters of water is applied in an amount to wet

the upper and lower surfaces. The wet strip is passed
between rubber wringer rolls and the solution is distrib-
uted over the upper and lower surfaces in the form of
a uniform liquid film containing 4 grams of ferrous
chloride per square foot per side.

The wet strip emerging from the wringer rolls is
passed horizontally under a shaker screen and alumi-
num oxide spacing particles are scattered over the
upper surface. The aluminum oxide particles have a
size of about three-sixteenths inch, and they are depos-
ited in random pattern at the rate of about 80 particles
per square foot of surface area. The lowermost surfaces
of the deposited aluminum oxide particles are in. con-
tact with the wet strip and are wetted by the solution.

Thereafter the wet strip is passed through a horizon-
tal electrostatic deposition zone. Powdered ferrochro-
mium having a chromium content of 84 percent and a
particle size of about 150-200 mesh (Tyler screen) is
electrostatically deposited on the upper side of the strip
in the presence of the liquid film of solution. The pow-
dered ferrochromium is deposited in an amount to pro-
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vide 12.7 grams of metallic chromium per square foot
per side.

The coated strip emerging from the electrostatic de-
position zone is passed horizontally through an infrared
oven and is heated to a temperature of 250° F. The
water content of the solution is removed in the infrared
oven at a rate such as to avoid forming blisters in the
coating or other types of imperfections due to the es-
cape of water vapor. Part of the water hydration is re-
moved, and the dried ferrous chloride deposited on the
strip surface contains about [-2 molecules of water of
hydration. The aluminum oxide spacing particles and
the particles of ferrochromium adhere tightly to the
strip surface and are not loosened in the following coil-
ing of the strip nor handling of the coiled strip prepara-
tory to sintering.

The coated strip is coiled under a line tension of
about 50 pounds per inch of width to form a pack for
chromizing. The aluminum oxide spacing particles
cause the adjacent convolutions is the resulting open
coil to be separated by approximately three-sixteenths
inch. This provides passageways between the adjacent
convolutions for the circulation of gases in intimate
contact with the coated strip surfaces during the ther-
mal cycle set out below.

The open coil of dried coated strip is placed on its
side on the grid of a sealed chromizing furnace of the
general type disclosed in Wilson U.S. Pat. No.
3,109,877. The furnace is provided with an exhaust
conduit and conduits for supplying a protective atmo-
sphere. The air initially present in the coil and furnace
is purged by passing gaseous nitrogen therethrough for
a few minutes, and after removel of the air, the nitrogen
atmosphere is replaced with a protective hydrogen-
containing atmosphere. The furnace is then heated to
750° F., and this temperature is held for a short time
with purging. During the above purging steps, the purg-
ing gas is passed through the passageways between the
adjacent convolutions in the coil and (unlike closed
coil purging, a matter of several hours), less than one
hour is needed to remove the air, water vapor and other
undesirable gaseous constituents.

The temperature is then raised to 1,700° F., and this
temperature is held for 20 hours without purging. The
period of time required for raising the temperature to
1,700° F. is only a fraction as long as is required in
closed coil chromizing as the hot gases used for heating
the strip are passed through the passageways between
the adjacent convolutions in the coil in heat exchange
contact with the surfaces of the coated strip. A static
protective atmosphere containing 95 percent hydrogen
and 5 percent argon is maintained within the furnace
at a positive pressure of about 1-2 inches of water
while the strip is sintered at 1,700° F. At the end of the
20 hour sintering period, both surfaces of the strip are
chromized.

The furnace and chromized coil of ferrous metal strip
are cooled to 400° F. The protective atmosphere within
the cooled furnace is replaced with a nitrogen atmo-
sphere, and the furnace is further cooled to 350° F.
During the cooling steps, cooled gases are passed be-
tween the adjacent convolutions in the coil, and the
furnace and coil may be cooled in only a fraction of the
period of time normally required in closed coil chro-
mizing. The coil of chromized strip is removed from the
fully cooled furnace, uncoiled, washed with water to
remove residual chemicals, brushed to remove residual
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particles and to give a lustrous finish and where desired
temper rolled.

The overall thickness of the chromized coating is
about 4.0 mils when measured on stripped foil with a
micrometer, and the solid layer has a thickness of about
1.6 mils. The average chromium content is about 20.4
percent. Panels exposed to the salt fog corrosion test
for 48 hours show only 1-2 percent of red rust on the
upper and lower chromized surfaces of the strip.

It is interesting to note that although ferrous chloride
melts and vaporizes at temperatures below the sintering
temperature, the powdered ferrochromium is held on
the surface of the strip during sintering by a bonding
action of an unknown nature. The spacing particles, in-
sofar as they are needed for spacing purposes during
the chromizing step, may be held in position by the
contiguous convolutions of the strip.

I claim:

1. A composite article comprising ferrous metal sheet
material,

adhesive composition on at least a portion of the sur-

face area of at least one side of the sheet material
in adhesive contact therewith,

a coating of substantially uniformly dispersed parti-
cles of a source of chromium having a particle size
not greater than about minus 5 mesh (Tyler
Screen) on the adhesive coated side of the sheet
material in adhesive contact with the adhesive
composition, the adhesive composition forming an
adherent coating of the particles of the chromium
source, and
plurality of dispersed, adherent, sheet material
spacing particles having a size of at least one thirty-
second inch dispersed on an adhesive coated side
of the sheet material in adhesive contact with adhe-
sive composition, the adhesive composition acting
to cause the spacing particles to adhere to the
coated sheet material without compaction,

the spacing particles being substantially uniform in

size and substantially larger than the particles of
the chromium source,

the spacing particles having a size whereby they are

in contact with and act to space contiguous layers
of the coated sheet material in a chromizing pack
assembled therefrom,

the spacing particles being substantially uniformly

dispersed over the adhesive coated side of the sheet
material, and

the spacing particles being such in number and dis-

persion that an open pack satisfactory for chromiz-
ing at a chromizing temperature of at least 1,550°
F is formed without deforming or marring the sheet
material.

2. The composite article of claim 1 wherein a halo-
gen-containing energizer is present on at least one side
of the sheet material.

3. The composite article of claim 1 wherein the adhe-
sive composition comprises a halide of iron.

4. The composite article of claim 1 wherein the adhe-
sive composition comprises at least one substance se-
lected from the group consisting of ferrous chloride,
ferric chloride and the hydrates thereof.

§. The composite article of claim 1 wherein the spac-
ing particles comprise a halogen-containing energizer.

6. The composite article of claim 1 wherein the spac-
ing particles comprise a halogen-containing energizer
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selected from the group consisting of ferrous chloride,
ferric chloride and the hydrates thereof.

7. The composite article of claim 1 wherein the spac-
ing particles have a size of about one thirty-second to
about one-fourth inch.

8. The composite article of claim 1 wherein the spac-
ing particles have a size of about one-sixteenth to about
three-sixteenths inch.

9. The composite article of claim 1 wherein the
coated ferrous metal sheet material is in the form of a
coil of continuous strip and contiguous convolutions in
the coil constitute the layers.

10. The composite article of claim 9 wherein a halo-
gen-containing energizer is present between contiguous
convolutions in the coil, and the contiguous convolu-
tions in the coil have a spacing of about one thirty-
second to about one-fourth inch.

11. The composite article of claim 1 wherein outer-
most portions of the adhered spacing particles extend
outwardly from the sheet material surface beyond out-
ermost surfaces of the portion of the said adhesive
composition acting to cause the spacing particles to ad-
here to the coated sheet material and the adhered parti-
cles of the source of chromium.

12. The composite article of claim 11 wherein the
sheet material is ferrous metal strip, substantially the
entire surface area of at least one side of the strip is
coated with the adhesive composition, and the spacing
particles are substantially uniformly dispersed across
the width of the strip and over the surface area of said
adhesive coated side.

13. The composite article of claim 12 wherein the
spacing particles have a size from about one thirty-
second inch to about one-fourth inch, and from about
12 to about 144 of the spacing particles are applied per
square foot of surface area.

14. A process for preparing chromized ferrous metal
sheet material comprising

applying on at least a portion of the surface area of

at least one side of ferrous metal sheet material

a. adhesive composition,

b. a substantially uniform coating of particles of a
source of chromium having a particle size not
greater than about minus 5 mesh (Tyler Screen),
and )

c. a plurality of dispersed sheet material spacing
particles having a particle size of at least one
thirty-second inch, the spacing partlcles being of
substantially larger size than the particles of the
source of chromium,

the steps (2), (b) and (c) being carried out in any de-

sired order or with any two or more of said steps

being carried out simultaneously, the steps (b) and

(c) applying to the same or different sides of the

ferrous metal sheet material or to both sides

thereof, step (a) applying to any side or sides to
which steps (b) and (c) applies, the step (c) being
carried out without compaction,

the sheet material spacing particles being substan-

tially uniform in size,

the adhesive composition having an adhesive charac-

teristic under the conditions of step (b) whereby an

adherent particulate coating of the chromium
source is formed,

the adhesive composition having an adhesive charac-

teristic under the conditions of step (c) whereby
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the spacing particles are caused to adhere to the
coated sheet material,

thereafter assembling a plurality of layers of the

coated ferrous metal sheet material having the ad-
herent coating of particles of the source of chro-
mium and the adherent spacing particles thereon
into a pack for chromizing the surface thereof, the
contiguous layers of the coated sheet material in
the pack having at least one adherent coating of
particles of the source of chromium and having ad-
herent spacing particles therebetween,

the spacing particles having a size whereby they are

in contact with and act to space contiguous layers
of the coated sheet material in the chromizing pack
assembled therefrom,

the spacing particles being substantially uniformly

dispersed on the coated surface area of the sheet
material,

the number and relative spacings of the spacing parti-

cles being such that an open pack satisfactory for
chromizing at a chromizing temperature of at least
1,550° F is formed without deforming or marring
the ferrous sheet material, and

subjecting the pack to an elevated chromizing tem-

perature of at least 1,550°F to chromize the sur-
faces of the sheet material, the pack being in a pro-
tective atmosphere and a halogen-containing ener-
gizer being present therein while the sheet material
is being chromized.

15. The process of claim 14 wherein the adhesive
composition comprises a halogen-containing energizer.

16. The process of claim 14 wherein the adhesive
composition comprises a halide of iron.

17. The process of claim 14 wherein the adhesive
composition comprises at least one substance selected
from the group consisting of ferrous chloride, ferric
chloride and the hydrates thereof.

18. The process of claim 14 wherein the spacing par-
ticles comprise a halogen-containing energizer.

19. The process of claim 14 wherein the spacing par-
ticles comprise at least one substance selected from the
group consisting of ferrous chloride, ferric chloride and
the hydrates thereof.

20. The process of claim 14 wherein the spacing par-
ticles have a size of about one thirty-second to about
one-fourth inch.

21. The process of claim 14 wherein the spacing par-
ticles have a size of about one-sixteenth to about three-
sixteenths inch.

22. The process of claim 14 wherein the ferrous
metal sheet material is in the form of continuous strip,
the coated strip is coiled to form a chromizing pack
therefrom, and contiguous convolutions in the coil con-
stitute the layers.

23. The process of claim 22 wherein a halogen-
containing energizer is applied on the surface of at least
one side of the ferrous metal sheet material and is pres-
ent between contiguous convolutions in the coil, and
contiguous convolutions in the coil have a spacing of
about one thirty-second to about one-fourth inch.

24. The process of claim.14 wherein the outermost
portions of the adhered spacing particles extend out-
wardly from the sheet material surface beyond outer-
most surfaces of the portion of the said adhesive com-:
position causing the spacing particles to adhere to the
coated sheet material and the adhered particles of the
source of chromium whereby gases can pass between
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the spaced contiquous layers of the coated sheet mate-
rial in the chromizing pack.

25. The process of claim 24 wherein the sheet mate-
rial is ferrous metal strip, substantially the entire sur-
face area of at least one side of the strip is coated with
the adhesive composition, and the spacing particles are
substantially uniformly dispersed across the width of
the strip and over the surface area of said adhesive
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coated side.

26. The process of claim 25 wherein the spacing par-
ticles have a size from about one thirty-second inch to
about one-fourth inch, and from about 12 to about 144
of the spacing particles are applied per square foot of

surface area.
* ok ok ok ok



