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ing a thickness in a range of about 0.05 pm to about 1000 pm, about 0.1 pm to
about 100 um, or about 5 um to about 25 um; and depositing an alloying ele-
ment into the pores of the sponge iron layer to form an impregnated sponge-iron
layer. The process can further include annealing the impregnated sponge-iron
layer to produce an iron alloy layer carried by the substrate.
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SPONGE-IRON ALLOYING

FIELD OF THE INVENTION

{6001 This disclosure relates o alloy compaositions and the formation of surface
alloys.

BACKGROQUND
[0002] During the process of hot rolling in the manufacture of stesl shest or coll, the

steel sheet is generally rolled at about 1,100 “C and then taken up in a roll at about 800 °C.
During the aforementionad process, the steel forms scale on its surface so long as the hot
rofiing is carried out in the open air. The scale layer can have a thickness of several microns
to several tens of microns. The scale layer formed on the stesl has a composition and
structure varied by differences in the conditions of heat treatment during the process of
manufacture, and has thermal and mechanical properties significantly different than the
underlying steel. These thermal and mechanical differences can adversely affect the
parformance and longevity of stesl processing equipment (&8.q., rollers, presses, and
cutters). Therefore, the scale layer is preferentially remaoved during the processing of the

stesl sheet, coil, or band.

{60031 The removal of this scale from band steel, steel sheet, or ¢oil sieel has been
carried out by the pickling method which uses a strong acid such as hydrochioric acid,
sulfuric acid, nitric acid, and hydroflucric acid either independently of each other or as
combined suitably. Since the pickling relies on the dissolution by a strong acid, # entails a
problem of degrading the working environment. Moreover, disposal of the spent acid and the

afflusnt from the pickling system, a huge investment on equipment is required for.

[0004] An alternatively, altempts have been made to physically remove scale from
the steel sheeat surface by spraying shot balls, grit or a slurry miadure of shot balls or grit with
water onto the steel sheet suiface. Howsver, thess techniques are mostly used together with
a pickling process; that is, the surface abrasion of the sheet is often a pretreatment process
for incresasing the efficiency at which special steels such as stainless stassl or electric steel

sheets are pickled.
SUMMARY
{00057 One embadiment is a proocess that includes providing a substrate camrying a

sponge-iron layer, the sponge-iron layer having a thickness in a rangs of about 0.05 pm to

about 1000 pm, about 0.1 um to about 100 um, or about § pm to about 25 pm; and admixing
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a first alloying element with the sponge-iron layer to provide an impregnated sponge-iron

laver carried by the substrate.

{6008] Ancther embodiment is a stes! manufaciuring process that includes forming
an iron oxide layer on 8 hot band during hot rolling; reducing the fron oxide layer on the hot
band to form a sponge iron laver that includes pores; and depositing an alloving slement info

the pores of the sponge iron laver to form an impregnated sponge-iron layer.

{0007] Still ancther embodiment is an iron alloy coating process that includes

providing an substrate carrying an iron layer that carried an iron oxide layer; reducing the
iron oxide layer 10 a sponge-iron layer thatl include pores; depositing at least one alloying
element into the pores of the sponge iron layer [o from an impregnated sponge-iron layer,

and then heating the impregnated sponge-iron layer {o an annealing temperature.

[0008] Yet another embodiment is an iron admixiure layer carried by steel that
includes a plurality of iron artifacts adhered to a surface of the steel; a plurality or
continuation of impregnation artifacts disposed between and around the iron artifacts; and
extending from the steel surface a concentration gradient within the ron admixdure layer that

includes a decrease in fron concentration as a function of distance from the steel surface.

{000%] Yet still another embodiment is an ron admixture layer carried by steel that
includes a plurality of impregnation arlifacts {e.g., ron inscluble or phase distinct
intermetallics) surrounded by an iron matrix; the Iron admixture fayer having a thickness of

less than 100 um.

{00107 Even yet another embodiment is an iron alloy coated substirate that includses a
porous substrate having an interstitial layer that comprises g heterageneocus admidure of the
substrate and iron; the interstitial layer carrying an iron layer; the iron layer carrying an iron

alloy layer that comprises iron and at least one alloying elemsnt.
DESCRIPTION OF THE FIGURES

{6011 For a more complete understanding of the disclosure, reference shouid be

made to the following detailed description and accompanying drawing figures wherein:

[0012] Figure 1 is a depiction of one embodiment of the process described hersin,
and

[0013] Figure 2 is a depiction of other embodiments of the process dsescribad hersin.
[6G14] While spacific embodiments are Hllustrated in the figures, with the

understanding that the disclosure is intended o be fllustrative, thess embodimsnis are not

intandead to limit the invention described and #Hustrated hserein.
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DETAILED DESCRIPTION

[6015] Disclosed hersin is a pracess for making iron alloys and the products of the
process that can include layers of iron admixtures or iron alloys. A first embodiment is a
process that includes impragnating a spongs-iron laver with an iron alloying slement (s.g., Ni
or Cr). Anothser embodiment is a process that includes forming an iron oxide during the hot
band rolling of iron, then reducing the iron oxide to form the spongs iron, and then depositing
the iron alloying element {or impregnating the spongs-iron with the iron alloying element).
Stilt another embodiment is a process that includes reducing an iron oxide laver to form a
sponge-iron layer, then depositing the ron alloying element into/onto the sponge-iron layer,
and then healing the impregnated spongs-iron layer to an annealing temperature. One
embodiment of the product of the described processes includes an ron admixture layer
catried by stes! or g stes! substrate, the product has a plurality of iron artifacts adhered o a
surface of the steel and impregnation arlifacts (e.q., an element ather than iron) disposed
between and around the iron artifacts. Another product embadiment includes an iron matrix
surrounding impregnation artifacts (8.q., iron insoluble phases, nanocrysials, or
intermstallics). Yet ancther product embodiment includes a porous substrate (e.g., a
ceramic) that carries an interstitial layer that includes the subsirate and iron, the interstitial

layer carrying an fron layer, and the ron layer carrying an iron alloy layer.

[0018] A first embodiment of the herein described coating/alloying process can
include providing a substrate that carries a sponge-iron layer. As used herein, sponge-iron is
a three-dimsansional porous laysr made primarily of reduced iron. The sponge-iron,
preferably, has a density less that of iron, more preferably less than 7.8 gfom’, less than 7.5
glom’, less than 7 gfom®, less than 6 gfem®, less than 5 gfem®, less than 4 glom®, less than 3
gfom®, or less than 2.5 g/em”. The sponge-iron layer can have a thickness that is preferably
in a range of about 0.05 wm to about 1000 um, about 0.1 wm to about 100 um, about 0.5 um
to about 10 pm, about 5 um o about 25 um, or about 10 um to about 20 um. The process
further includes admixing a first alloving element with the sponge-iron layer o provide an
impregnated sponge-iron layer which is carried by the substrale. The first alloving slement
and the sponge-iron layer can be admixed by contacting the sponge-iron layer with an
impregnating material selected from the group consisting of the alloving element, an alloying
element precursor, a gassous admixture comprising the alloying slement or alloying element
precursor, a solution comprising the alloying element or the alloving element precursor, and
a mixiure thereof. Preferably, the first alloying element and the sponge-iron layer are
admixed by the deposition of the impregnating material into pores of the sponge-iron;
alternatively, the first alloying element and the sponge-~iron layer are admixed by the

deposition of the impregnating material onto a surface of the sponge-iron layer. Mors

el
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preferably, the first alloying element and the sponge-iron layer are admixed by depaositing the

impregnating material into and onto the sponge-iron layer,

[0017] The process can further include admixing a second alloying element with the
sponge-iron laver {o provide the impregnated spongs-iron layer carried by the substrate. In
one aspect, the second alloving slement can be admixed with the sponge-iron sequentially,
that is, after the admixing with the first alloying elemsnt. In one exampls, the spongs-iron is
first admixed with the first alioying element and then the second alloying element. inanother
example, the sponge-iron is first admixed with the first alloying element, then the second
alloving element, then the first alloving element. In still another example, this sequential
admixing can continue, e.¢., with the second alloving element, a.g., then the first alloying
elemeant, sic. in an alternative aspect, the secand alloving element and the first alloying
elemeant can be admixed with the sponge-iron contemparaneously, for example, the first and

second alloying slements can be co-depasited into the sponge-iron layer.

[6018] The impregnated sponge-iron layer can be provided by chemical vapor
deposition, physical vapor depasition, or solution coating of the sponge-iron layer with the
impregnating material. In one preferable, the impregnated sponge-iron layer is provided by
ths chemical vapor deposition of the impragnation material info or onto the sponge-iron
layer, more preferably into the sponge-iron laver. In anothsr example, the impregnated
sponge-iron layer is provided by the physical vapor deposition of the impragnation material
into or onto the sponge-iron laver. In still ancther example, the impregnated sponge-iron
layer is provided by dip-coating or spray coating the impragnation malerial onto the sponge-
iron layer, where the impregnation material can preferably flow {e.q., as a solution} inio the
sponge-iron layer. In vet another example, the impregnated sponge-iron layer can be
provided by sleclrodeposition or eleclroless deposition of the alloying element onlo/inio the

sponge ron layer.

100197 The subsirals, carrying the sponge-iron layer, can be selected from the group
consisting of iron, aluminum, nickel, or an alloy thereof, a ceramic; or a glass. Preferably, the
sponge-iron layer is adhered to the substrate. More preferably, the sponge-iron is physically
and or chemically adhered o the substrate. For example, the sponge-iron laver can be
adhesively adhered to the substrate, preferably the sponge-iron layer is physically part of the
substrate; that is, there is no clear distinction hetween an end of the sponge-iron layer and a
surface of the substrate (s.q., the substrate and the sponge-iron layer form an alloy or alloy
laver therebetween). Preferably, the substrale is selected from the group consisting of iron,
aluminum, nickel, or an alloy thereof. More preferably, the substrate is iron or an iran alloy.
Even more preferably, the substrate is carbon steel, low carbon steel, or very low carbon

stesl
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{0020] In one example, the substrale can be a steel coil (2.q., 8 low carbon steel coil
that is a steel sheat wrapped into a coll shape, the steel sheet having a thickness of about 1
mm to about 10 mm or about 2 mm to about 6 mm, and a length of about 300 m to about
G0 m}. When the substrate is a steel coll, the process of providing the substrate can include
placing the steel coill within a reaction vessel. The reaction vessel can be, for example, a
high pressure deposition chamber, an atmospheric pressure deposition chamber, a low
pressure deposition chamber, a very low pressure deposition chamber, a UHV deposition
chamber, a high temperature depasition chamber, a non-heated depaosition chamber, aor a

combination thereof.

[6021] in one preferred example, the sponge-iron layer is prepared from an iron
oxide layer. For example, the sponge-iron layer can be preparad from an iron oxide layer
that is “native” {o the substrate {e.g., iron oxides formed from an iron subsirate, for example
by oxidation}, or from an iron oxide layer that is deposited onito the substrats {e.g., iron
oxides depasited onto iron, aluminum, or silicon). The process of preparing the sponge-iron
layer from the iron oxide layer can include providing to the iron oxids layer a reducing gas
selected from the group consisting of hydrogen {Hy); hydrogen (M) and carbon monoxide
(COY; hydrogen (Mo} and nitrogen (M), hydrogen (Hy) and nitrogen (N) in a ralio of about
1:9; carbon monoxide (CO) and carbon dioxide (CO.). Furthermore, the process can include
adding (providing) the reducing gas at a temperaiure in a range of about 300 °C io about
1000 °C; or at a temperature of about 400 °C, about 500 °C, about 800 °C, about 700 °C, or
about 800 °C. In a preferable example, the reducing gas is provided (o the sponge-iron layer

when the spongse-iron layer has a femperature of about 500 °C.

[6022] As noted above, the iron oxide layer can be a prepared iron oxide layer. That
is, the process described herein can include preparing the ron oxide layer on the substrate.
The iron oxide layer can be prepared, for exampie, by physical vapor deposition of iron oxide
onto the substrate, hot rolling the subsirate in air, anodization of an iron layer carried by the
substrate, or chemical vapor deposition of an iron oxide anto the substrate. Preferably, the
fron oxide preparation provides an ron oxide layer that has a uniform {or about uniform)
thickness on the substrate and provides an iron oxide layer that is tightly bound o the
substrate. As used herein, tighily bound means ths layer passes at least one of a forming
test and & tape test. The forming test comprises the bending of the substrate carrying the
laver about a radius that is about twice the combined thickness of the substrate and layer. If
the layer does delaminale from the substrate upon the forming then the layer passes the
test. Similarly, the layer passes the take test if, upon the application of a pressure sensitive
adhesive sheel {e.g., SCOTCH tape) to a surface of the laver and the removal of the

adhesive sheet by applying a force that would peel the adhesive sheet from the layer, the

j%)]
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layer does not delaminats for the substrale (as determinad by the layer remaining adhered
to the removed adhesive sheet). In one praferable example, the iron oxide layer is prepared
by hot rolling the substrate in air, for example hot rolling a steel substrate at a temperature

ahove about 500 °C, above about 750 °C, or above about 1000 °C in air,

[0023] The process {and resultant product) can further include layers carried by the
impregnated sponge-iron layver. In one example, the process can include depositing an
overcoating onio the impregnated sponge-iron faver. The overcoating can be, for exampie, a
layer of an alloying element {e.g., the same alloying element that is impregnating the
sponge-iron laver, or a different alloying element), a plurality of alloying elements {e.g., as an
alloy layer or as distinct/individual layers), an oxide (e.g., a silicon oxide, an aluminum oxide,

or a transition metal oxide), or a nitride (e.g., a silicon nitride, or a fransition metal nitride).

[0024] SHll further, the process can include heating the impregnated sponge-iron
layer. Optionally, heating the impregnated sponge-iron layer that is carrying the overcoating
or depositing the overcoating after the impregnated sponge-iron layer is heated. For
exampie, the impregnated sponge-iron laver can be heated 1o an annealing temperature. As
used herein, the annealing temperaiure refers to the temperature the annealed layer/object
atiains and does not nscessarily refer 1o the temperaiurs of a gas surrounding the
layer/object {e.g., the gas temperaiure can be significantly higher than the annealing
tamperature). The annealing temperature is dependent on the desired product {e.g., depth of
diffusion of the alloying element(s} info the substrate). In one example, the annealing
temperature can be about 300 °C, about 400 °C, about 500 °C, about 600 °C, about 70{ °C,
about 800 °C, about 800 °C or about 1000 °C. Ancther fealure can be the annealing time
{which is often dependent on the annealing temperature) which can range from about 1 {o
about 100 seconds, from about 100 seconds to about 10 minutes, from about 10 minuiss fo
about 1 hour, from about 1 hour to about 12 hours, from about 12 hours 1o about 24 hours,
from 1 day to about § days, or from about 5 days to about 10 days. Preferably, the
impregnated sponge-iron is heated in a non-oxidizing atmosphere and more preferably to a

temperature in a range of about 600 °C to about 800 °C.

{00257 The annealing {healing o the annealing lemperature} of the impregnated
sponge-iron layer can produce sponge-iron alloy layer. Furthermore, the annealing of the
sponge-iron layer carrying an overcoaling can produce a sponge-iron alloy layer. This
sponge-iron alloy layer can inciude elements or features from the overcoating {e.g., an Ni
overcoating on a Cr impregnated spongs-iron can produce a NiCrFe sponge-iron alloy layer,

as could a Cr overcoating on a Ni impregnated sponge-iron).
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[00286] In another example, the sponge-iron alloy layer can be overcoaled, that is,
the process can include depositing an overcoating onto the sponge-iron alloy layer. This

overcoated sponge-iron alloy can be annesaled or can be rasult of the process.

[0027] in yel another example of the procass, the impreghated sponge-iron layer can
be comprassed. Methods of compressing the impregnated sponge-iron layer can includs, for
example, hot rolling, hot working, cold ralling, cold working, or compression molding. The hot
rofiing or hot working can include heating the impregnated sponge-iron layer to ifs annealing
temperature and then rolling/working the substrate carrying the impregnataed sponge-iron

layer.

[6028] in stil vet another example, the process can include heating the impregnated
sponge-iron laver to a sintering temperature, While sintering and annealing are often
analogous processes, sintering can include the recrysiallization of a disordered powder into
a solid alloy layer. Notably, both sintering and annealing include the rearrangement of atoms
to yield a8 new crystal lattice, for example distinguishable from the starting material from the
size of crystal grains, the orientation of crystal grain boundaries, or the composition when
diffusion is present, herein, sintering preferably refers to the growth of a solid layer or form
from a physical mbdure of a plurality of components. importantly, some procasses can
include both sintering and annealing. The sintaring temperature can be above the annealing
tamperature or can be below ths annealing temperaiurs. For sxample, the sintering
temperature can be about 100 °C, about 200 °C, about 300 °C, about 400 °C, about 500 °C,
about 800 °C, about 700 °C, about 800 °C, about 800 °C, about 1000 °C, about 1160 °C,
about 1200 °C, about 1300 °C, about 1400 °C, or about 1500 °C.

{0029 The sintered sponge-iron layer, e, a sintered alloy coating, can be physically
or chemically processsd. In one example, the sintersd alloy coating can be pressed {8.q.,
hot rolled or cold rolled). In another example, the sintered alloy coating can be coated with
an infiltration element (e.g., ancther alloying element). The coating with the infiltration
element can be by any of the deposition processes described above {e.g., chemical vapor
deposition or physical vapor deposition). After coating with the infiltration element, the
coated, sintered alloy coating can be annealed to form an annealed alloy layer. In yet

anather example, the sintered alloy coating can be coating with an overcosting.

[6030] in another embodiment, the steel manufacturing process can include forming
an iron oxide layer on a hot band during hot rolling; reducing the ron oxide layer on the hot
band to form a sponge iron layer that includes pores; and depositing an alloying element info
the pores of the sponge iron laver to form an impregnated sponge-iron layer. As used herein,

a hot band is a stiip of steel that has undergone hot rolling and has not undergone significant
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cooling or gquenching. This process can further include depositing a plurality of alloying
elements into the pores of the sponge iron layer. This process can further include hot rolling

and/or annsaling the impregnated spongs-iron layer o form an alloy layer.

{0031] This process includes multiple actions that can be performed in a steel mill,
for example, formation of the ron oxide layer can include hot rolling steel at a temperature
greater than about 1,000 °C in the presencs of oxygen (e.g., in air). Reducing this iron oxids
layer can be accomplished by exposing the iron oxide layer fo a reducing atmosphere; and

reducing fron oxide in the ron oxide fayer (o ron{).

{0032] In one example, the alloying element or elements is/are selected from the
group consisting of magnesium, aluminum, silicon, titanium, vanadium, chromium,
manganese, coball, nickel, copper, zing, strontium, zirconium, niobium, molybdenum,
ruthenium, rhodium, palladium, sibver, tin, antimony, and tantalum. In one preferable
example, at least one alloying element is nickel, chromium, manganess, and/or
malybdenum. In another example, a plurality of alloying elements is selected from nickel,

chromium, manganese, and molyhdenum.

{0033] in yet another embodiment the ron alloy coaling process can includs
providing an substrate carrying an iron layer that carried an iron oxide layer, reducing
the iron oxide layer to a sponge-iron layer that include pores; depositing at least one alloving
elemeant into the pores of the sponge iron layer [o from an impregnated sponge-iron layer,
and then heating the impregnated sponge-iron laysr to an annsaling tempsrature. In one

example, the substrate can be a ceramic or a ceramic material.

[0034] The above process, described in a plurality of embodiments, provides iron
containing products carried by a substrate that can includs iron. In one embodiment, the
product is an iron admbdure layer carried by stesl that includes a plurality of iron artifacts
adhered to a surface of the steel; a plurality or continuation of impregnation artifacts
disposed hetween and around the iron artifacts; and extending from the steel surface a
concentration gradient within the iron admbdure laver that includes a decreass in iron
concentration as a funclion of distanca from the stesl surfacs. As described above, the
spongs-iron layer includes iron {(8.¢., as granules or artifacts on the surface of the substirats)
adhered to the surface of the substrate and pores. In this embodiment, the iron artifacts are
part of the sponge-iron layer and, without being bound o theory, are believed {o exist as an
agglomeration of iron particles adhered o the substrale surface. The impregnation artifacts
occupy space {pores) within the sponge-iron layer and can occupy the entire space (filled) or
less than the entire space (lnaded). Notably, the impregnation artifacts occupy space in and

around particles of iron. As & result of the process described above, the sponge-iron layer
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and thereby the iron artifacts can have a densily that increases with depth; such thal, as a
function of distance from ths slee! substrate surfacs, the concantration of iron can decreass.
This change in iron conceniration can be expressed a3 a conceniration gradient
{measurable by, for example, XPS analysis). Herein, the concentration gradient preferably
includes a decrease in fron concentration as a function of distance from the steel surface,
and, preferably, though not necessarily, an increase in concentration of the impregnation

artifacts in the iron admixiure layer.

{0035] in ancther embaodiment, the ron admixture layer carried by steel includes a
plurality of impregnation artifacts {e.g., infermetallics) surrounded by an iron matrix; the iron
admixiure layer having a thickness of less than 100 um. The impregnation artifacts can be
fron insoluble matsrials or particles, or phase distinct matsrials or particles. One example of
an impregnation artifact is an inlermetallic particle. Examples of intermetallics can include
fron aluminides, ron silicides, iron germinidas, nickel aluminides, nickel silicides, and
magnetic intermetallics {e.g., YFeTi or SmFeTi intermetallics). Another example of

impregnation artifacts can be niirides, sulfides, oxides, and phosphides.

[6038] it stil ancther embodimeant, an iron alloy coated substrate can include a
porous substrate having an interstitial layer that comprises a helerageneocus admibdure of the
substrate and ron; the interstitial layer carrying an iron layer,; the ron laver carrying an iron
alloy layer that comprises iron and at least one alloying element. In one example, the porous
substrate is a porous ceramic; and the interstitial layer comprises iron within the porous

ceramic.
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WHAT IS CLAIMED:

1. A process comprising:

providing a substrats carrying a sponge-iron layer, the sponge-iron layer
having a thickness in a range of about 0.05 wum to about 1000 um, about 0.1 um to about
100 pm, or about 5 pm to about 25 pm; and

admixing a first alloying element with the sponge-~iron layer {o provide an

impregnated sponge-iron layer carried by the substrate.

2. The process of claim 1, wherein admixing the first alloying element with the
sponge-iron laver comprises depositing an alloying element into the pores of the sponge iron

layer to form the impregnated sponge-iron layer.

3. The process of any one of the proceeding claims further comprising admixing
a second alloying element with the sponge-iron laver o provide the impregnated sponge-iron

layer carried by the substrate.

4. The procass of any one of the proceeding claims wherein the substrate is
selected from the group consisting of iron, aluminum, nickel, or an alloy thereof, a ceramic,
or a glass; preferably wherein the substrate is selected from the group consisting of iron,
aluminum, nickel, or an alloy thereof;, more preferably wherein the substrale is selected from

iron or an alioy thereof; even more preferably, wherein the substrate comprises a steel coil.

5. The process of any one of the proceeding claims further comprising preparing

the sponge iron laver from an iron oxide layer carried by the substrate.

6. The procass of claim 5, wherein preparing the sponge-iron layer from the iron
oxide layer comprises heating the iron oxide layer in the presence of a a reducing gas
selected from the group consisting of hydrogen {H.); hydrogen (M) and carbon monoxide
{COY, hydrogen (M) and nitrogen (No); hvdrogen (M,) and nitrogen (N} in a ralio of about
1.9, carbon monoxide (CO) and carbon dioxide {CO,); preferably providing the reducing gas
at a temperature of about 500 °C; more preferably providing the reducing gas to the sponge-

iron layer when the sponge-iron layer has a temperature of about 500 °C.

7. The process of any one of claims 5 or §, further comprising preparing the iron
oxide layer on the substrate; preferably by a method selected from physical vapor deposition
of iron oxide onto the substirate, hot rolling an iron or iron alloy substrate in alr, anodization of
an iron layer carried by the substrate, or chemical vapor depasition of an iron oxide anto the
substrate; preferably wherein the iron oxids layer is prepared by hot rolling the iron or fron

alloy in air.

10
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8. The process of any one of the proceeding claims further comprising heating
the impregnated sponge-iron layer to an annealing temperaturs, preferably heating in a non-
oxidizing atmosphere, more preferably heating to a tempsrature in a range of about 600 °C

to about 900 °C; and forming an iron alloy layer.

G, The process of any one of the proceeding claims further comprising

compressing the impregnated sponge-iron layer.

10, A steel manufacturing process comprising:

forming an iron oxide layer on a hot band during hot rolling;

reducing the iron oxide layer on the hot band to form a sponge iron layer that
includes pores; and

depositing an alloying element into the pores of the sponge iron laver {o form

an impregnated sponge-iron layer.

it The stesl manufaciuring process of olaim 10 further comprising deposiiing a

plurality of alloying elements into the pores of the sponge iron layer.

12. The stesl manufacturing process of any one of claims 10 or 11 further
comprising:

hot rolling the impregnated sponge-~iron layer.

13. The stesl manufacturing process of any one of claims 10-12 further
comprising:

annealing the impregnated sponge-iron layer.

14. The stesl manufacturing process of any one of claims 10-13, wherein
raducing the iron oxide layer comprises:
exposing the iron oxide laver to a reducing atmosphere; and

reducing iron oxide in the iron oxide layer to iron(Q).

15. The stesl manufacturing process of any one of claims 10-14, whearein forming
the iron oxide layer comprises:
hot rolling steel at a temperature greater than 1,000 °C in the presence of

oxXygen.

16. The stesl manufacturing process of any one of claims 10-15, wherein the
alloying element is selected from the group consisting of magnesium, aluminum, silicon,
titanium, vanadium, chromium, manganese, coball, nickel, copper, zinc, strontium,
Zirconium, niobium, molybdenum, ruthenium, rhodium, palladium, silver, tin, antimony,

tantalum and a mixture thersof.

11
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17. Aciron alloy coating process comprising:
providing an substrate carrying an iron layer that carries an iron oxide layer;
reducing the fron oxide layer to a sponge-iron laver that include pores;
depositing at least one alloying element info the pores of the sponge iron
layer to from an impregnated sponge-iron layer, and then

heating the impreghated sponge-iron layer to an annealing temperature.

18, The ron alloy coaling process of claim 17, whersin the substrale is a ceramic.
19. The product of any one of the praceding claims.
20. An fron admibdure layer carried by steel that comprises:

a plurality of iron arlifacts adhered to a surface of the stesl;

a plurality or continuation of impregnation artifacts disposed between and
around the iron artifacts; and

extending from the steel surface a concentration gradient within the iron
admixture layer that includes a decrease in iron concentration as a function of distance from

the stesl surface.

21. The iron admixture of claim 20, wherein the ron artifacts from an iron matrix
carried by the steel; preferably wherein the impregnation artifacts are surrounded by the iron

matrix.

i2



WO 2013/172911

1/2

Hot Rolling
{a substrate)

Forming iron
oxide layer
{scale)

Forming
Sponge-iron
Layer

i

Adding an Alloying Element
{forming an impregnated
Sponge-iron Layer)

l

Processing the impregnated
Sponge-fron Layer

Alloy Layer
{carried by the
substrate)

Figure 1

PCT/US2013/027725



WO 2013/172911

PVD Deposition
of fron Oxide

212

PCT/US2013/027725

CVD Deposition
of Iron Oxide

Forming iron
oxide layer

Forming
Sponge-ron
Layer

Anodization

Adding an Alloying Element
{forming an Iimpregnated
Sponge-lron Layer)

k

Processing the Impregnated
Sponge-lron Layer

Figure 2



INTERNATIONAL SEARCH REPORT International application No.

PCT/US2013/027725

A, CLASSIFICATION OF SUBJECT MATTER

C22C 33/00 (2006.01) C€21B 13/00 (2006.01) C€22B 5/12 (2006.01)

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

WPL EPODOC: IC / CC (C22C 33/-, C22C 38/-, C22C 45/02, B32B 15/01, B32B 15/18, C21B 13/-, C21B 15/-, C22B
5/12, B21B/-, C23C 14/-, C23C 16/-) Using Keywords (SPONGE, IRON, ALLOYING) and like terms

ESPACENET, WIPO, USPTO, GOOGLE PATENTS: Using Keywords (SPONGE, IRON, SUBSTRATE, ALLOY) and like terms

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to

claim No.

Documents are listed in the continuation of Box C

Further documents are listed in the continuation of Box C See patent family annex
* Special categories of cited documents:
"A"  document defining the general state of the art whichis not ~ "T" later document published after the international filing date or priority date and not in
considered to be of particular relevance conflict with the application but cited to understand the principle or theory
underlying the invention
"E" catlier application or patent but published on or aftet the "X" dacument of particular relevance; the claimed invention cannot be considered novel
international filing date or cannot be considered to involve an inventive step when the document is taken
alone
"L" document which may throw doubts on priority claim(s)or  "Y"  document of particular relevance; the claimed invention cannot be considered to
which is cited to establish the publication date of another involve an inventive step when the document is combined with one or more other
citation or other special reason (as specified) such documents, such combination being obvious to a person skilled in the art
"O"  document referring to an oral disclosure, use, exhibition .
"&"  document member of the same patent family

or other means

"p" document published prior to the international filing date
but later than the priority date claimed

Date of the actual completion of the international search
15 April 2013

Date of mailing of the international search report
15 April 2013

Name and mailing address of the ISA/AU

AUSTRALIAN PATENT OFFICE

PO BOX 200, WODEN ACT 2606, AUSTRALIA
Email address: pet@ipaustralia.gov.au

Facsimile No.: +61 2 6283 7999

Authorised officer

Vijaya Mathe

AUSTRALIAN PATENT OFFICE
(ISO 9001 Quality Certified Service)
Telephone No. 0262256162

Form PCT/ISA/210 (fifth sheet) (July 2009)




INTERNATIONAL SEARCH REPORT

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

International application No.
PCT/US2013/027725

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

CA 1170838 Al (VOEST ALPINE AG ) 17 July 1984

A abstract; page 1, line 1 - page 2, line 22; claims 1 - 25 1-21
SU 1147766 A1 (TSNII CHERNOJ METALLURG [SU]) 30 March 1985

A English abstract retrieved from EPODOC database 1-21
GB 571128 A (GENERAL MOTORS CORPORATION ) 08 August 1945

A page 1, lines 17 - 67 1-21

Form PCT/ISA/210 (fifth sheet) (July 2009)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/US2013/027728

This Annex lists known patent family members relating to the patent documents cited in the above-mentioned international search
report. The Australian Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

Patent Document/s Cited in Search Report

Patent Family Member/s

Publication Number Publication Date Publication Number Publication Date
CA 1170838 Al 17 Jul 1984 AT 367097 B 25 May 1982
AT A308080 A 15 Oct 1981
AU 7102581 A 17 Dec 1981
CA 1170838 Al 17 Jul 1984
EP 0041940 A1l 16 Dec 1981
EP 0041940 B1 07 Aug 1985
IN 153834 Al 25 Aug 1984
JP S5729511 A 17 Feb 1982
JP S6017803 B2 07 May 1985
NO 811965 A 14 Dec 1981
NO 154235 B 05 May 1986
US 4376139 A 08 Mar 1983
ZA 8103668 A 30 Jun 1982
SU 1147766 Al 30 Mar 1985 SU 1147766 Al 30 Mar 1985
GB 571128 A 08 Aug 1945 GB 571128 A 08 Aug 1945
End of Annex

Due to data integration issues this family listing may not include 10 digit Australian applications filed since May 2001,

Form PCT/ISA/210 (Family Annex)(July 2009)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - claims
	Page 13 - claims
	Page 14 - claims
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - wo-search-report
	Page 18 - wo-search-report
	Page 19 - wo-search-report

