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DIFFUSION PROCESS AND  IMPROVED ARTICLE PRODUCED THEREBY 5 STATEMENT OF
GOVERNMENT RIGHTS The U.S. Government has rights in this invention pursuant
to contract No.  DE-AC05-00OR22800 between the Department of Energy and.
BWXY Y-12, L.L.C.  FIELD OF THE INVENTION This invention relates generally
to the art of alloys, and more particularly, to the art  10 of diffusion
modification of surface areas formed with metallic parts. BACKGROUND OF THE
INVENTION Metallic components have conventionally been modified over the
course of prior  art to provide superior characteristics on the surface
areas thereof whiIe the internal areas  are substantially unaffected.
Examples of such processes include galvanizing wherein 15 metallic
components are coated with zinc or other alloys to enhance resistance to
surrounding environments. Another example of such prior art techniques
involves the  treatment of aluminum by an anodizing technique to form a
thin layer of oxide, and to also  provide enhanced resistance to
surrounding environments. More sophisticated techniques have involved the
diffusion of various metallic  20 substances into the surface of formed
metallic parts. Traditionally, this has been carried  out within heated
environments utilizing various heating elements where entire  environments
are heated to a temperature sufficient to effect diffusion of metals into
formed metallic parts. One such process is the retort method wherein a
metallic part is  welded within a retort contained in the metallic
substance to be diffused into the surface 25 thereof. Generally, this
involves a slow heating to approximately 2100F, followed by a  Iong, slow
cooling. Techniques known as the pack method and blanker method are
similar,  but also require long heating and cool down periods with
substantial volumes of material,  including the part and metallic substance
effecting the change in the part. Normally such  techniques involving the
slow heating and cooling bring about substantial changes, not 30 only in
the surface of the metallic parts, but the inner volume areas where grain
growth and  refinement take place as a natural consequence of such heating.
SUMMARY OF THE INVENTION It is thus an object of this invention to provide
an improved process for surface  



modification of formed metallic parts. 1 2 OCT 2004 WO 02/064851 2
PCT/US02/01470 It is a further object of this invention to modify the
surface of formed metallic parts  by diffusion of metals which will provide
improved corrosion resistance and improved  resistance to physical wear and
abrasion. It is a further object of this invention to provide such
modification by an improved.  5 process which does not result in
substantial grain growth or refining of the interior volume  of such formed
metallic parts. It is a further and yet more particular object of this
invention to provide such an  improved process which has a time cycle
substantially less than that encountered in the  prior art. 10 These as
well as other objects are accomplished by a process for diffusing metal
into the surface of a formed metallic part by surrounding said formed
metallic part within  an environment of an insulator material having a
desired metal dispersed therein.  Microwaves are directed to the
environment to heat the formed metallic part and the  surrounding
environment to atemperature sufficient to cause diffusion of the desired
metal  15 into surface portions of the desired part. BRIEF DESCRIPTION OF
THE DRAWINGS Fig. I is a schematic illustration of an apparatus for
carrying out the process of this  invention. Figs. 2 through 5 are
photomicrographs demonstrating various examples of this  20 invention.
DETAILED DESCRIPTION OF THE INVENTION In accordance with this invention it
has been found that microwave energy may be  utilized to bring about the
diffusion process of desired metals into the surface area of  formed
metallic parts. This has substantial advantages over the prior art. Heating
and 25 cooling cycles are substantially shorter, resulting in minimal grain
growth and grain  refinement within the volume of the formed metallic part.
There are also virtually no  dimensional changes in the part brought about
as a result of the diffusion process of this  invention. The process of
this invention may be used to bring about a variety of surface
enhancements, including corrosion resistance, and visual appearance, as
well as 30 environment specific resistance. Such process has substantial
utilization in the boiler and  automotive parts industries. Various other
advantages and features will become apparent  from the following
description given with reference to the various figures of drawing. 



J 1 2 0 C T 2004 WO 02/064851 PCT/US02/01470 3  The process of this
invention involves enhancement of the properties of formed  metallic parts.
Such formed metallic parts may be from a variety of steels, including those
which have been previously corroded. Preferably, the formed metallic part
is a carbon steel  and it has generally been found that a variety of
desired metals may be diffused into the 5 surface of formed metallic parts
to bring about corrosion resistance appearance  enhancement, as well as
specific resistance to a variety of environments. Generally, the  formed
metallic part is surrounded by an insulating material having the desired
metal or  metals therein and then subjecting the formed metallic part and
its surrounding  environment including the desired metals to microwave
energy to heat the part and the 10 environment to a temperature sufficient
for diffusion of the designed metals into the  surface areas for the formed
part to occur. This is preferably carried out by casketing the  formed part
in an insulator and metal environment within the cavity of a microwave
generating oven. The process maybe applied selectivelyby surrounding only
those surface  areas of the formed metallic part where diffusion is desired
with an environment which is 15 rich in the metal to be diffused into the
part. In such a selectiveprocess onlythose portions  of the formed metallic
part that are in contact with the rich areas of desired metal will  undergo
surface diffusion. Temperatures of 2100F are quickly achieved so that only
the surface areas of the  formed metallic part are affected, frequently
without significant heating of the volume of  20 the formed metallic part.
The insulated material may be any ceramic material which is not
significantly affected by microwave sources. Generally aluminum oxide
powder is  desirable for such affect. Amongst the metals which may be
utilized in the diffusion  process are chromium, nickel, vanadium, boron,
aluminum, iron and alloys and mixtures  thereof. Because the heating
process utilizing microwaves does not have the long heat up 25 and
cool-down times of the prior art, the formed metallic part having been
surface- modified by the diffusion process of this invention is unique
because its, grain structure is  not effected by the heating process.
Accordingly, the product produced by this invention  is unique in and of
itself. The process utilizes an activator mixed with the insulator A
preferred activator  30 is ammonium chloride (NH4Cl) although other halides
or chlorides will work. The  activator acts as a getter to remove oxygen
and initiate the formation of chromous halides. An environment suitable for
treating carbon steel in accordance with this invention  



is one which contains by weight 30-45% chromium, 2-10% chloride (activator)
with the 1 2 0 C T 2004 WO 02/064851 PCT/US02/01470 4.  balance being
aluminum oxide powder. If elemental chromium is used 20-35% by weight  will
suffice with 30% being optimal. Fig. 1 of the drawings depicts an
environment for carrying out the process in accordance with this invention.
The microwave cavity 1 is illustrated having therein a  5 formed metallic
part 3 surrounded by an environment 5 of insulating materials such as
aluminum oxide containing a desired metal for diffusion into the formed
metallic part 3.  A container 7, referred to as a casket in the art,
contains the environment 5 and formed  metallic part 3. Casket 7 rests upon
an insulator plate 9, which in turn rests upon a table  11 positioned for
insertion and removal from the microwave cavity 1. A microwave 10 generator
13, with associated wave guides 15 and 17, provides the microwave energy to
the cavity 1. A site-port 21 is provided for temperature measurement by
optical measuring  means such as an optical pyrometer. The microwave cavity
I may be evacuated by pump  23 and the environment appropriately filled
with an inert gas through a port 25 if so  desired. 15 Figs, 2 and 3 are
10X photomicrographs, and Figs. 4 and 5 are 100X  photomicrographs of the
cross section of a part which was treated using the disclosed  process. To
enhance the visibility of the grain boundaries, the sectioned surfaces of
the  part were treated with nital etchant of approximate composition of 3%
nitric acid (HNO3)  in alcohol. Several carbon steel stove bolts and nuts
were embedded in a granular mixture 20 consisting of approximately 55%
Al2O3, 42% FeCr, and 3% NH4CI by weight. The  mixture was housed in a boron
nitride crucible. The crucible, granular mixture and nuts  and bolts were
placed in a 2.45 Ghz microwave oven and approximately 1kW of power  was
applied for approximately 30 minutes. This process diffused chromium into
the  surface of the carbon steel as illustrated in Figs. 2 through 5. 25 It
is thus seen that the process of this invention provides a uniquely
modified  formed part by utilization of microwaves to bring about diffusion
into the surface thereof.  These and other advantages and features will
become apparent from a reading of the above 30 description which is
exemplary in nature. Such modifications are embodied within the  spirit and
scope of this invention as defined by the following appended claims. 1 2 O
C T 2004 5 



Claims: 1. A process for diffusing metal into the surface of a formed metal
part,  comprising the steps of positioning said formed metal part within an
insulator material having a  diffusion metal dispersed therein, directing
microwaves to said insulator material to a temperature  sufficient to cause
diffusion of said diffusion metal into surface portions of said formed
metal part to bring about changes in the characteristics thereof. 2. The
process according to claim I wherein said formed metal part is casketed
within a container holding said insulator material and said diffusion
metal. 3. The process according to claim 1 wherein said diffusion metal is
selected  from the group consisting of chromium, aluminum, nickel,
vanadium, boron, iron and  alloys and mixtures thereof. 4. The process
according to claim 1 wherein said formed metal part is carbon  steel. 5.
The process according to claim 1 wherein said insulator material is mixed
with a halide activator. 6. The process according to claim 5 wherein said
halide activator is a chloride.  7. The process according to. claim 2
wherein said container reposes in a  microwave cavity wherein the
composition of the gaseous atmosphere within - said  microwave cavity is
not controlled. 8. The process according to claim 2 wherein said diffusion
metal is selected  from the group consisting of chromium, nickel, vanadium,
boron,- aluminum, iron and  alloys and mixtures thereof. 9. The process
according to claim 2 wherein said formed metal part is- carbon steel. 10.
The process according to claim 7 wherein said insulator material contains a
halide activator. -  11. The process according to claim 10 wherein said
halide activator is a  chloride.  EPO-DG1.  -0 k 04.2003 0 


