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BACKGROUND OF THE INVENTION         The present invention relates to a
method for creating an oxide coating on certain  metals wherein the oxide
coating is highly resistant to corrosion and ionic leaching.  More
particularly, this invention relates to a method for creating a protective
coating on  the surface of austenitic stainless steel or nickel alloy
steel. The oxide coating is both  resistant to corrosion and to leaching of
molecules from the steel into material that is in  contact with the metal.
Austenitic stainless steel and nickel alloy steel are commonly used for
piping,  vessels, and equipment used in processes in which the purity of
the material being  processed is a critical consideration. Such steels are
also used in processes in which a  strong solvent or other corrosive
material is present. Many such processes are carried out  at elevated
temperatures. The presence of very pure materials, strong solvents, or   



- 2 -    corrosive materials, particularly at elevated temperatures, makes
prevention of corrosion  of the steel and/or control of infusion of various
contaminating components from the steel  difficult. Examples of processes
for which prevention of corrosion, control of infusion, or  both are
critical considerations include chemical, food, pharmaceutical, and
semiconductor  processing.          Components used for such processes are
generally polished to eliminate small  surface protrusions from which ions
may leach into the material being processed, or which  may provide
locations at which corrosion may begin. The oxide coating that naturally
forms on the surfaces of austenitic stainless steels and nickel alloy steel
is inadequate in  many applications to prevent corrosion or unacceptable
leaching of ions from the steel into  material in contact with steel,
particularly when the components are irregularly shaped or  contain welds.
The oxide film that naturally forms on austenitic stainless steel and on
nickel alloy   steel contains both iron and iron oxides as well as chromium
and chromium oxides. Oxide   films that have a high ratio of
chromium-to-iron have resistance to leaching that is superior   to that of
films having a lower chromium-to-iron ratio. Existing methods for enhancing
the oxide film are not able to reliably create oxide films on austenitic
stainless steel and   nickel alloy steel components which have acceptable
performance or durability in difficult   applications.  This is
particularly true when the existing methods are applied to   components
having surface irregularities such as crevices of sharp angles and those
formed by welding.  



3                            BRIEF SUMMARY OF THE INVENTION         In
accordance with the present invention, disadvantages of existing processes
for  creating an oxide film on austenitic stainless steel and nickel alloy
steel and the  inadequacies of oxide film created by those processes have
been overcome. An oxide film  is created that is high in chromium including
chromium oxides and chromium hydroxide.  The oxide film, because of the
high chromium content, is highly resistant to corrosion and  ionic
leaching.         A method for creating an oxide coating on the surface of
a component formed  from austenitic stainless steel or nickel alloy steel
is set forth. The component has a  naturally formed oxide film at the
surface. The naturally formed oxide is enhanced  through a process
comprising at least two steps. In the first step, the component is  heated
in the presence of circulating dry air for a first period of time at a
temperature of  approximately 300 degrees centigrade. In the second step,
the component is heated in  the presence of static dry air at an elevated
pressure for a second period of time at a  temperature that is higher than
the temperature during the first period. The exterior  portion of the
enhanced oxide coating is removed with an oxidizing treatment whereby  an
oxide coating having a high ratio of chromium to iron is exposed at the
surface of  the stainless steel.         Accordingly, an object of the
present invention is to provide a method for creating  an oxide coating on
the surface of austenitic stainless steel and on nickel alloy steel that is
more effective in preventing leaching of iron into material adjacent to the
steel than films 



developed by known methods.       - 4-            Another object of the
present invention is to provide a method for creating an   oxide film on
the surface of austenitic stainless steel and on nickel alloy steel that
provides   better resistance to corrosion than films developed by known
methods.          Yet another object of the present invention is to provide
a method for creating an   oxide film on the surface of austenitic
stainless steel and on nickel alloy steel that will   create an oxide film
on irregular surfaces that effectively prevents leaching of ions into
material adjacent to the surface.          A further object of the present
invention is to provide a method for creating an   oxide film on the
surface of austenitic stainless steel and on nickel alloy steel which has
been welded.          These and other objects and advantages of the present
invention, as well as details   of the preferred embodiment thereof, will
be more fully understood from the following   description and the drawings.
5                           BRIEF DESCRIPTION OF THE SEVERAL 



VIEWS OF THE DRAWINGS           Figure 1 is a flow chart illustrating the
steps for practicing one embodiment of the  method of the present
invention.         Figure 2 is a cross-sectional illustration of an
austenitic stainless steel base metal  and the oxide film that naturally
forms on the surface thereof.         Figure 3 is a cross-sectional
illustration of the stainless steel and oxide film of  Figure 2 after the
surface of the oxide film has been electrolytically polished.        Figure
4 is a cross-sectional illustration of the stainless steel and oxide film
of  Figure 3 after the film has been subject to a first enhancement step.
Figure 5 is a cross-sectional illustration of the stainless steel and oxide
film of  Figure 4 after the film has been subjected to an oxidizing
treatment according to the  present invention.        Figure 6 is a chart
showing the trace metals found in deionized water after  exposure to test
specimens.        Figure 7 is a chart showing the trace metals found in a
solvent after exposure to  test specimens.       6
DETAILED DESCRIPTION OF THE INVENTION         The generalized steps of a
method for developing an enhanced oxide coating of an  austenitic stainless
steel and nickel alloy steel according to one embodiment of the present  



invention are depicted by the flow chart of Fig. 1. These steps are
preferably practiced on  components fabricated from austenitic stainless
steel or nickel alloy steel by conventional  manufacturing processes to the
desired dimensions and configuration. A cross-sectional  illustration of a
component formed from austenitic stainless steel is illustrated in Fig. 2.
As shown in Fig. 2, the component, shown generally at 10, is comprised of a
base metal layer 10 having an exteriorly disposed natural oxide layer 20.
The base metal  layer 10 has a chemical composition common to austenitic
steel. The oxide film 20  forms naturally on austenitic stainless steel
after the manufacture of the component 10.  The surface of the natural
oxide film 20 is irregular and the material present in the film is
distributed randomly.          With reference to Fig. 1, the component 10
is first subject to an electrolytic polish  step 25. In this step, the
component may be electrolytically polished by any well known  method to
smooth the outer surface of the oxide film 20. Figure 3 illustrates the
stainless  steel and film of Figure 2 after electrolytic polishing. As
shown in Fig. 3, the electrolytic  polish step 25 smoothes the
micro-fissures 30 that were present in the oxide layer 20. Such
micro-fissures 30 are often generated during cold working of the component
10.         The component is thereafter cleaned to remove all surface
contaminants at step 35  of Fig. 1. In accordance with one embodiment of
the cleaning step 35, cleaning is  preferably done first in an agitated
acid bath of, for example, citric acid at a ten percent
concentration. The component 10 is preferably subject to this process for
approximately  thirty minutes. The component 10 is then removed from the
bath and the acid on the 



component is neutralized and removed from the component by a spray of
deionized water.  A compressed air spray may then be used to remove water
from crevices and concealed  areas. The component is then wiped with
deionized water to remove water marks, and,  then wiped with methanol. If
any surface contaminants remain, these steps, beginning  with electrolytic
polishing, are repeated.         Detection of surface containants may be
undertaken using any one of a number  of different methods. For example,
surface contaminants may be detected by measuring  the resistivity on the
input side of a rinsing stream and comparing that with the resistivity  of
the stream at the output side. When the measurement values are
substantially equal,  surface contaminants are considered to be removed.
Similarly, the specific gravity of the  fluid on the input side and on the
output side may be used for such measurements.         When all surface
contaminants have been removed as described above, methanol  residue is
then removed by deionized water spray. The component 10 is then submersed
in a circulating bath of 15 to 18 Megohm deionized water for approximately
eight to  twelve hours. The time required depends on the complexity of the
component and  irregularity of its surface. Components having more
irregular surfaces require more time  in the circulating bath. The
component 10 is then removed from the circulating bath and a  compressed
air spray may then be used to remove water from crevices and concealed
areas. The component 10 is again wiped with deionized water to remove water
marks.          After the cleaning step 35, the component 10 undergoes one
or more processes by       8 -   



which the surface oxide layer 20 is enhanced. In accordance with one
embodiment of the  process, two elevated temperature oxide enhancement
steps are employed. These steps  are illustrated at steps 40 and 45 of Fig.
1.         In a preferred implementation of step 40, the component 10 is
placed in an oven  which is heated, for example, to 250 to 300 degrees
centigrade. Moisture is removed  from the atmosphere in the oven by purging
the oven with Clean Dry Air circulated into  the oven at a rate that is
determined by the oven capacity or volume in cubic feet. As an  example, if
the oven has a capacity of 50 cubic feet, the flow rate should be set
substantially to 50 cubic feet per hour. In the disclosed embodiment, this
flow is used to  evacuate or purge all of the ambient air and that is
inside the oven at the beginning of the  process. Clean Dry Air refers to
air that has a dew point that is not higher than about -  100 degrees
Fahrenheit. After a predetermined period of time of, for example, one hour,
the circulation of Clean Dry Air is stopped and the component 10 is subject
to oxide layer  enhancement at step 45 of Fig. 1. In step 45, the
temperature of the oven is elevated to a  higher temperature than that used
in step 40. In a preferred embodiment, the temperature  of the oven is
increased, for example, to approximately 425 degrees centigrade. The
temperature of 425 degrees centigrade has been found to avoid the loss of
chromium in the  heat affected zone of welds in welded stainless steel
components. The pressure of the  Clean Dry Air within the oven is
preferably maintained at approximately one and one half  inches water
column. The component remains in the oven at this temperature and  pressure
for a predetermined period of time of, for example, approximately 2 hours.
The  oven and component 10 are then cooled.      



Fig. 4 illustrates the layer composition of the components 10 after the
oxide layer  enhancement steps. As shown, the oxide layer 20 is generally
comprised of an outer  layer region 60 having a high iron content and low
chromium content and an interior layer  region 65 having a high chromium
content. The resulting layer is enhanced in this dual  enhancement process
even in those regions of the component having crevices and welds.
While the component is heated in the dry atmosphere, the oxide film 20 that
had  naturally formed on austenitic stainless steel or nickel alloy steel
from which the  component is fabricated becomes thicker. In addition to
becoming thicker, iron and iron  oxides in the oxide film accumulate near
the outer surface of the film to form layer 60  thereby giving the film a
light gold appearance. The film layer 65 has more chromium  and a higher
ratio of chromium and chromium compounds to iron and iron oxides than  does
the portion of the film 60 adjacent to the outer surface of the film.
After the part has cooled, it is subject to an oxidation treatment at step
70 of Fig.  1. The oxidation treatment is used to remove the outer portion
60 of the oxide film 20  containing the accumulated iron. In accordance
with one embodiment of the oxidation  treatment, the component 10 is
immersed in a circulating bath of an oxidizing agent at an  elevated
temperature. For example, a ten percent solution of phosphoric acid
(H[err]PO4) at a  temperature generally in the range of 38 to 43 degrees
centigrade may be employed.  Oxidizing agents that have also been found to
be effective include 50 ppm chlorine, nitric  acid, H202, potassium
permanganate, and hydrochloric acid.  The component 10  preferably remains
in the circulating bath until the light gold color is no longer visible on
the surface of the component.   



10-           Figure 5 illustrates the result of an oxidation treatment on
the film illustrated by  Figure 4. As illustrated, the oxide layer 20 is
now principally comprised of the chromium  containing layer 65. This
chromium containing layer provides the requisite protection to  the
component 15.         The component is then removed from the oxidizing bath
and cleaned at step 80 of  Fig. 1. In the cleaning step 80, the material
used for oxidizing treatment is neutralized  and removed from the component
by a spray of deionized water. Compressed air spray  may then be used to
remove water from crevices and concealed areas. The component is  then
wiped with deionized water to remove water marks.         The effectiveness
of the film developed by this method for preventing leaching and  corrosion
for an austenitic stainless steel was tested under three conditions.
Specimens of  316 L stainless steel were prepared by electrolytically
polishing and other specimens were  prepared in accordance with the present
invention. The test specimens were sheared from  flat 316L stainless steel
sheets and had a dimension of 2" x 0.750 " x 0.060 ".         The first
test was conducted by immersing a specimen prepared by each method  for 168
hours in 18 megohm deionized water which was maintained at 80 degrees
centigrade. The water in which each specimen was immersed was analyzed for
trace  metals from the specimen. The amount of chromium, iron, nickel, and
manganese, in  parts per billion, detected in the water used to test each
specimen is set forth below.     



- 11 -                             Electrolytically       Specimen Prepared
Polished               According to the                         Specimen
Invention    Chromium              80                      19    Iron
600                     92    Nickel                30
undetectable    Manganese             9                       3     These
results are depicted by the bar charts of Figure 6 wherein each bar
designated at 90  corresponds to an untreated component and each bar
designated at 95 corresponds to a  component treated in the foregoing
manner. Such designations are also used in Figs 7          The second test
was conducted by immersing a specimen prepared by each method  for 168
hours in solvent supplied by Ashland Chemical Company and designated ACT
935 was maintained at 80 degrees centigrade. This solvent is designated a
solvent stripper  and is used to remove positive photoresist layers in the
production of semiconductor  wafers. The solvent in which each specimen was
immersed was analyzed for trace metals  from the specimen. The amount of
chromium, iron, nickel, and manganese, in parts per 



billion, detected in the solvent used to test each specimen is set forth
below.       - 12                              Electrolytically
Specimen Prepared                          Polished               According
to the                          Specimen               Invention
Chromium              275                    59    Iron
1064                   244   Nickel                137                    7
Manganese             34                     undetectable           These
results are depicted by the bar charts of Figure 7.         The third test
was conducted by immersing a specimen prepared by each method  for 168
hours in solvent supplied by Ashland Chemical and designated ACT 690C was
maintained at 95 degrees centigrade. This solvent is designated a solvent
stripper and is  used for polymer removal to strip away etch residue in the
production of semiconductor  wafers. The solvent in which each specimen was
immersed was analyzed for trace metals  from the specimen. The amount of
chromium, iron, nickel, and manganese, in parts per  billion, detected in
the solvent used to test each specimen is set forth below.   



Electrolytically       Specimen Prepared
Polished                 According to the
Specimen                 Invention              Chromium
35196                    26             Iron                   122516
70             Nickel                 17018                    8
Manganese              3671                     undetectable
These tests demonstrate the effectiveness of the present invention for
creating a           film that provides a significantly more effective
barrier between an austenitic stainless steel           or nickel alloy
steel and solutions with which such steels are in' contact in various
applications.                  Numerous modifications may be made to the
foregoing system without departing           from the basic teachings
thereof. Although the present invention has been described in
substantial detail with reference to one or more specific embodiments,
those of skill in           the art will recognize that changes may be made
thereto without departing from the  



scope and spirit of the invention as set forth in the appended claims.
REPLACEMENT SHEET       - 14 -        1.    A method for creating an oxide
coating on the surface of a component formed         from austenitic
stainless steel or nickel alloy steel, the component having a
naturally formed oxide film at the surface, the method comprising the steps
of:  enhancing the naturally formed oxide film on the surface by
heating the surface in the presence of circulating dry air for a first
period                       of time at a temperature of approximately 300
degrees centigrade;                heating the surface in the presence of
static dry air at an elevated                      pressure for a second
period of time at a temperature that is                      higher than
the temperature during the first period; and  removing an exterior portion
of the enhanced oxide coating with an oxidizing treatment         whereby
an oxide coating having a high ratio of chromium to iron is exposed at
the surface of the stainless steel.    2.    The method of claim 1 wherein
the first period of time is approximately one         hour. 



3.    The method of claim 1 wherein the temperature during the second
period of         time is approximately 425 degrees centigrade.          4.
The method of claim 2 wherein the temperature during the second period of
heating is approximately 425 degrees centigrade.    5.    The method of
claim 1 wherein the second period of time is approximately two
hours.    6.    The method of claim 2 wherein the second period is
approximately two hours.    7.    The method of claim 3 wherein the second
period is approximately two hours.    8.    The method of claim 4 wherein
the second period is approximately two hours.    9.    The method of claim
1 wherein the elevated pressure is approximately one and         one half
inches water column.    10.   The method of claim 3 wherein the elevated
pressure is approximately one and         one half inches water column.  



11.   The method of claim 5 wherein the elevated pressure is approximately
one and         one half inches water column.       - 16 -    12.   The
method of claim 7 wherein the elevated pressure is approximately one and
one half inches water column.    13.   The method of claim 1 wherein the
oxidizing treatment comprises submersing        the surface in a solution
of approximately ten percent phosphoric acid.    14.   The method of claim
3 wherein the oxidizing treatment comprises submersing        the surface
in a solution of approximately ten percent phosphoric acid.    15.   The
method of claim 7 wherein the oxidizing treatment comprises submersing
the surface in a solution of approximately ten percent phosphoric acid.
16.   The method of claim 16 wherein the oxidizing treatment comprises
submersing        the surface in a solution of approximately ten percent
phosphoric acid.    


