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BACKGROUND OF THE | NVENTI ON The present invention relates to a
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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
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- 2 - corrosive materials, particularly at el evated tenperatures, nakes
prevention of corrosion of the steel and/or control of infusion of various
cont ami.nat i wg ®@rp@nents fromthe steel -&ifficult. Exanpl esPOT/Usswems8ses
for which prevention of corrosion, control of infusion, or both are
critical considerations include chem cal, food, pharmaceutical, and

sem conduct or processi ng. Conponents used for such processes are

general |y pQlisB6e riflerild, ?aﬂoel ng%leievatw& atﬂfe@lt hﬁﬁé%%védtieﬁ]dﬂfvoﬁbsxb@ns

may | each into e maters processe provid
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forms on t h&fdhg sted gﬁﬁﬂﬁ%&g?fayamogggo@gxﬁg §&a "'éﬁ%lﬁ@ﬁj?ﬂ% eel
S |nadequate in many appl i cations to, prevent corrosion or una t abl e

| eachi ng of diffisylt; Examples of prosessesforwhichpapveation of cosrosion; coftioh é on, or
particul arly when the components are irregularly shaped or contain welds.
The -gxi de fifjoh ifeadritioal toonsiddratidne imviude chemivak fodd, phm:mcnmeab and sephicondicton

ni ckel all oy steel contains both iron and iron oxides as well as chrom um
and- chromurB g Oxide filns that have a high ratio of

chrom umt o- |ron nave resistance to leaching that is superior to that of

films having a | ower chromu on ratio, Existi I ng
the oxide film ar ’HB?“CHBBI‘@?’&}J&P SPGB 4TS g‘EB?f"&fé]( Wr{ﬁhg) 9ﬁlfaenl ‘[%El‘f
stainl ess steel and ni ckel alloy steel conponents whi ch have egcelpt abl e
per f or mance Sutfack protusipns,from whichfipasmay leaghintg themnaterdal beingipgogess which
particularly true when the existing nmethods are applied to conponent s

havi ng surf ansy provideuloeations es whichhcommsipnemay beginf Fliraoxideegiting thatonateray
formed by wel di ng.

forms on the surfaces of austenitic stainless steels and nickel alloy steel is inadequate in
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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
stee] 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 BRI EF SUMVARY OF THE | NVENTI ON In
accordance with the present invention, di_quvant ages of existing processes
for creatimoasasd de filmon austenitic stainless steel anBCTVUS$975811- Oy
steel and the inadequacies of oxide filmcreated by those processes have
been overcone. An oxide film is created that is high in chrom um i ncluding
chrom um oxi des and chrom um hydroxi de. The oxide film because of the

hi gh chrom um content, is hi gBRYEF SEMUARY OF THEINVENTEON ionic
| eachi ng. A nmethod for creating an oxi de coating on the surface of

a conponent for frgm aust.epitic stainless,steel or ni el
is set forth. Tmtwﬁh € presgat imyvestion, %%@a%%oﬁg%ﬁb@ﬁc%%é%&
surface. The naturally forned oxide is enhanced through a process

conpri si ng atreatings an taxides filmson |aystenitic f5tailesss stegl, mﬁ@@@hﬂﬂ%rﬁtﬂd sandn thgt ed
in the presence of circulating dry air for a first period of tinme at a

t enper at ur e jafideqRidiésOfioRile Flli cRdafed by ahicse précesves Bavetzen bvertdme, SAn onitie filmp,
the conponent is heated in the presence of static dry air at an el evated

pressure for, a_s DY | : . P ' t han
Phet erper at CEiGr AP fieh 8 bbbl P Byt o AR itk ind fomlicn By e
enhanced oxi.de coating is renpved with an oxidizing treatnment whereby an
oxi de coat i nkheexidn§in, berayse efthe bighrchrominm Gortent; iy Righly;Tesistant 4 eorrogion and
surface of the stainless steel. Accordingly, an object of the
present i nvejohicdeachingt o provide a nethod for creating an oxide coating on
the surface of austenitic stainless steel and on nickel alloy steel that is

more effective i nARLENER b GeAtRRCR HHAC Eodting or the GuffBéeesf R comPbine Tornied t he

steel than filns

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.



devel oped by known net hods. - 4- Anot her object of the
present invention is to provide a method for creating an oxide filmon -
the surface of austenitic stainless steel and on nickel alloy steel that

provi des bewbam/si®si st ance to corrosion than filns devel ope y‘{
met hods. Yet anot her object of the present inventionis to prow de
a nethod for creating an oxide filmon the surface of austenitic
stainl'ess steel and on nickel alloy steel that wll create an oxide film
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invention is to_provide a nmethod for creatjng an OX|def|Imont
surface of aud¥ ﬁmbo%ﬁhélsﬁlfé‘?s"fs“ﬂﬁﬁqm‘amﬁﬁ fi¢ed rrd onpicks) 339%&@‘31\%4‘@50%

been wel ded. These and ot her objects and advantages of the present

i nvention, as betért resistadex taicbrosiomthan fitmpdeveippedbly ardvoxinethods. t her eof , wi | |

be nore fully understood fromthe foll ow ng description and the draw ngs.

S Yet another objkd: lof tepreddhliveRtiorHs 10 Pro®id¥ERnbthoed 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 nicke] 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.



VI EN5 OF THE DRAW NGS Figure 1 is a flowchart illustrating the
steps for practicing one enbodi nent of the., nethod of the present
invention. WOSIM4gure 2 is a cross- secPional illustrationPai/usno/Tss! -
austenitic stainless steel base netal and the oxide film.that naturally
forms on the surface thereof. Figure 3 is a cross-sectional
illustration of the stainless steel and oxide filmof Figure 2 after the

surface of the oxide filmhas BREgF MWN@*THEJSEVEMQ Figure
4 is a cross-sectional |IIustrat|o % ’?ﬁ?: I‘ﬁ% and oxide film
of Figure 3 after the film has been subjec oafir enhancenent step.
Figure 5 is a cross-sectional illustration of the stainless steel and oxide
filmof Figure 4 after the filmhas been subjected to an oxidi zi ng
treatment according to the present invention. Figure 6 is a chart

showi ng the trace Figurd bisfaoflowd chart illasteating dlib stepsefor priattining enepembodément of et
speci nens. Figure 7 is a chart showng the trace netals found in a

?)(I;!FXIGE'I[EDaBtEg&]I %‘?’?%\Iﬂ%l—ﬁé%ﬁ @ él\ﬁ‘leg\lnens The69ener alized steps of a
hod f d I h d
Steel and ni ckel °2h‘éﬁgf£as2&%§§§eap§r#§?ueﬁﬁ’&%o R T

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 afier 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 oxidé 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.

Figure 8 is a chart showing the trace metals found in a solvent after exposure to

test specimens.
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i nvention are depicted by the flow chart of Fig. 1. These steps are
pref-erably practiced on conponents fabricated fromaustenitic stainless
steel or nickel alloy steel by conventiongl. manufacturing processes to the
desi red di neweiswssand configuration. A cross-sectional il | 8STUSPYH8LT a
component forned fromaustenitic stainless steel is illustrated in Fig. 2.
As shown in Fig. 2, the conponent, shown generally at 10, is conprised of a
base netal |ayer 10 having an exteriorly disposed natural oxide |ayer 20.
The base netal |ayer 10 hDEBANEDDESCRIBTIONIQF FTHEBNVENTIONaust eniti c
steel. The oxide film20 forms naturally on austenitic stainless steel

after the manuf aciy gerf d&&fs@}ﬁ%ﬁﬁ&hodlﬁx develSpifg'an effin@dd xR dvafiry of an

oxide film20 is irrBgular an e material present in the filmis

< Tirst cunfBpatE e seet g YpbeL i ke A6rdife b B ot TR Rt ©

conponent may be electrolytically polished by any well kno nmet hqd to
smoot h t he olmvertion are depictast by the flow; chartiof [Fig. 2o These;steps ase proferably practiced on
stainless steel and filmof Figure 2 after electrolytic polishing. As
shown i n Fi geonfpontiite fabrizated diop awstenjtiv staihlesst stqel 26 nivkelallop steehly conventional
mcro-fissures 30 that were present in the oxide |layer 20. Such

m CrO-fissur@an iy gfdcé‘dﬂeé?ﬁﬁ&kadeﬁi'edjﬂﬁﬂeﬁﬁoﬁsom eigufitioR§ At fossCRBtisHaENt
10. e conp nt is thereafter cleaned to renpve all surface

contam nants..at _step.35 of Fig. 1,.l o L0 [ of
t he cl eani ngﬂ@f ‘°§§,f agp@meﬁbga@ed B‘Pﬁ’r@%‘%ﬁ@%@w rslgﬁtl%%@%%?%gﬂgg'ed
acid bath of, for exanple, citric acid at a ten perc pt . .
concentration. TheAssheywhanbig: @, itke W@@F%IW’%SF@E& %t % 10hiis copprised ofray
approximately thirty mnutes. The conponent 10 is then renoved fromthe
bat h and t hebasemetaiayend0 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 stee! 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 randomty.

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



conponent is neutralized and renoved fromthe conponent by a spray of

dei oni zed water. A conpressed air spray y then be used to renbve water
from crevi ceswargy/semaceal ed areas. The conponent is then wi pq,@f#@p,msm
dei oni zed water to renove water marks, and, then w ped w.th nethanol

any surface contam nants renmain, these steps, beginning wth electrolytic
pol i shing, are repeated. Detection of surface containants nay be
under t aken us&&ﬁe&%ﬁoan fcogagaﬁuﬁt)% 1sb€«feféima‘1§ @&lﬁ&ft t&ﬁwgfaass'i&r aaaﬂia&
surface contam nants tected measur | IStIVI y on t

I nput si de of

the stream atmfrl%" 'lSJ Ny égggp?%ﬁ]’ghwg@%afg‘a ﬁ%’mm\fgf b@‘g‘ gﬁséh%técyd °’¥th
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substantially equal, surface contam nants are consi dered to be renpved.
Sinmilarly, t heoraposentris gewsralived: and semeved fram thecomponent by ayspray<if deioaized water-he
out put side may be used for such nmeasurenents. When all surface

contam nants bagempressed aPrytnsthes be ke rehove watte fioanh alevicesaiditincealed

then removed by deionized water spray. The conponent 10 is then subnersed

in a circul at b ekl y
eight to twe V%s hghér]s ttig"ﬂé}l‘Mii)wr epe ?paéé:\iqﬁ)ﬁémégérrpwl%%%ﬁ df the
conponent and, irre hs sur f e n]ponents haV| n eb

i rregul ar sur¥SE &8P Ay S"r’ DIATYnERS JEMAR, (BESH Stephycbeginning

conponent 10 is then rem)ved fromthe Ci rcul ating bath and a conpressed
air spray nmywithelectselytcpalishing: aseaspeatedt er from crevi ces and conceal ed
areas. The conponent 10 is again wi ped with deionized water to renove water

mar ks. Af Detecﬁda;eofvduﬁafu ditapdifdhtsSmay bb enéGiRen asthg Ay bivlef 9aambemne
or nore processes by
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 contaminauts 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

o nta g0tk O



whi ch the surface oxide |ayer 20 is enhanced. In accordance with one

enbodi nent of the process, two el evated tenperature oxide enhancenent
steps are enployed. These steps are illustrated at steps 40 and 45 of Fig.
1. | wasyseberred i npl ementati on oF "'step 40, the conpergiisedfrsss

pl aced in an oven which is heated, for exanple, to 250 to 300 degrees
centigrade. Miisture is renoved fromthe atnosphere in the oven by purging
the oven with Clean Dry Air circulated into the oven at a rate that is

det ermi ned bygfig ﬂﬁvmeﬁ@ag%fayer% ¥ ghﬁ&ﬁeed. ”W#b?hﬁaﬁ&e&ith ﬁxgeu?xgbmﬁmeﬁ%ﬁhe | f

the oven has a capacity tubic feet, the ow rate s be set
substantially to 50 cubic feet per hour, |In the disclosed embodi npnt hi s
low s used RgSesSy R dedaes EimpPiafuee Biids coficden s 5F oyl ot step

i nside the oven _at the beginning of the process. Clean Dry Air refers to
air that has qedmwdntstmépan&ﬁsﬂmgher than about - 100 degrees
Fahrenheit. After a predeterm ned period of tinme of, for exanple, one hour,
the circul ation of Ik paefered/inflementativh e seep 40 dhe coenpomemtolfeis tpldo8d i as WverCt
to oxide |layer enhancenent at step 45 of Fig. 1. In step 45, the

tenper atur e Ofnicfid AUAAR, f5r Slafibht o6 250 b 30U BlRbes! AIARAAL UMoikRNis!efovip o

in step 40. In a preferred enbodinent, the terfperature of the oven iIs

i ncreased, f e le, .t n ' ely.4 eqre nt 4 de.. .
terper at ur e orom i Babpelste BORE BHRIRL Bikuitne AR HRR CERLDE A% s biaing
chromumin the heat affected zone of welds in wel ded stainless steel
conponent s. THe opeeaia fate that if determinghby the\ovap capacity oh velnme gy eubic eet. As an
preferably mai ntai ned at approxi mately one and one half inches water

col umnh. The osxamplegnif thewsemdas a tdpacigy eff 50 cubic Sfeete rthe o rate ashduldpbe ssur e
for a predeterm ned period of time of, for exanple, approximtely 2 hours.

The oven andyggGaRMIE RS 50 CutiE et P& PO MR 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 exampie, 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 |ayer conposition of the conponents 10 after the -
oxi de |l ayer enhancenent steps. As shown, the oxide layer 20 is generally
conpri sed of B'%0R1s" | ayer region 60 ha®¥i-ng a high iron COoRLSRisosHdsf -OW
chrom um con‘{ven? and an interior layer region 65 having a high cﬁr om um
content. The resulting layer is enhanced in this dual enhancenent process
even in those regions of the conponent having crevices and wel ds.

Wil e the conponent is, heated in the dry, at here, the oxide fil.m 20 that
had naturally forfigd ﬂlﬁs%%st@ﬁlW%@%W%@%t@WW%*@@IE@? Pyee é@'%rel
fromwhich the conponent is fabricated beconmes thicker. In addition to
becomi ng t hi efmncentenostepsid As chowmxthel @xiderlayen 20ois | géperaily comprisechofaancomesar
the outer surface of the filmto formlayer 60 thereby giving the filma

l'ight gold aﬁﬁ}é‘xﬁ{g?iggﬁo h-ﬂ?ﬁ%n%iﬂigﬂ itGtY @ntcab alifie w Bhf GniG i @iiteranddidin®ribt et

ratio of chro chrofm um conmpounds to iron and iron oxides than does

the portion of..th i . m 60. adj, acen! e r EM

After the pa}.’e[glqpa@‘) %@&%ﬂ%@t%ﬁ%‘#&&%ﬂht 0'1?l gkgg}(tlﬁlgal%fe gﬁs ? Ir'heag nelfrxlltdﬂeﬂs?tduglt ep
70 of Fig. 1. The oxidation treatnent is used to repove the, outer rtion
60 of the oxemhanegment prpcess GVembin sy regiensof LieROMPORAL NAHRG CTey r ﬁ%ce
wi th one enbodi nent of the oxidation treatnent, the conponent 10 is

i mrersed in a ci r YWhiktthe corhpdnentoif heatedin e rinnatmmgphere, dhe exide dilmy 20 ¢t had
tenperature. For exanple, a ten percent solution of phosphoric acid

(Herr]POY ghnnyt el a9 alis  dod Nt HRRACANy Sfel drokd il QB

centi grade nay oyed. I di zi ng agents that have al so been found to

be effective include. hl ori ng., .. ni tyi Gy.aCI SSi .
per manganat e “OTHAHE S/’ﬁ&%&r%@b%Ecqéﬁqsgsmkefhe{nc@ﬂggﬁégpﬁgﬁ&%@%ga +d;£ﬂrdelfr%n| ns
in the circulating bath until the light gold colof is ﬁ-? kﬂ\ger vilsibl&on
the surface oxidehin theaxisiecilm accumulate near the outer surface of the o form layer

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.PO.) 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, H:0., 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.
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10- Figure 5 illustrates the result of an oxidation treatnent on
thefilmillustrated by Figure 4. As illustrated, the oxide layer 20 is
now principally conprised of the chrom ums containing |ayer 65. This

chrom um corWW@PHSYIBH | ayer provi des the requisite protection tRCT/SYE/07581 -
conponent 15. The conponent is then renoved fromthe oxidizing bath
and cleaned at step 80 of Fig. 1. In the cleaning step 80, the nateri al
used for oxidizing treatment is neutralized and renoved fromthe conmponent
by a spray of deiRigureedillusttates. th€oesultasfandoxddation preaymeny thé dilmbitustaes b0
renove water from crevices and conceal ed areas. The conponent is then

W ped-with q;g%i} l4Z ip%rug t r&{gﬁ ‘S s : f InMERESS
of the film vgl4b%§ y {eﬁ’l glemat gﬁler?r)%plrlﬁgﬁtﬁ?%nyl céo%rfs-ég%gﬁfg &g%rrosi on
for an austenitic stainless,steel was test.ed, under three conditions,.

Speci mens o NBGIE oGt BuS Bl coniFe AIPE Rroyjobd B RRRRIR pitrgn o
polishing and other specinens were prepared in accordance with the present
i nventi on. theecaneponesfdSei mens were sheared from flat 316L stainless steel
sheets and had a dinension of 2" x 0.750 " x 0.060 ". The first
test was conduct éthelvpmponent §s then fensqved ifronntheroxidiziag bt and cleaned xastep §®of 168
hours in 18 negohm dei oni zed water which was nai ntai ned at 80 degrees

centigrade. gjhe) Watrethe icfalith GipHAC fheSReeHAMBRe RS dilRIng Gfbatdnt 3 Abitrasiged O
trace nmetals fromthe specinmen. The ampunt of chrom um iron, nickel, and

manganese, 'ag\g lrgxﬁéée?ﬂ?%rgl i l lrhﬁ)orr]xem%%'t £ Sﬁr‘iﬁ' oif ﬁefogﬁe&\@}a?é’r. "Ec?xﬂpxte?sea SR sp?%c h

specinen is

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 eﬂ;ectiveness 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 electroiytically 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.
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Pol i shed According to the 1. Speci men
| nvention  WQ9p/814im 80 18CT/USPYGA81 -
600 92 Ni ckel 30 -

undet ect abl e Manganese 9 3 These

results are depicted by the bar charts of Figure 6 wherein each bar
designated at 90 corresponds to an untreated conponent and each bar
designated at 95 corresponds to a conponent treated in the foregoing
manner. Su T gs T e second test
was conducted by imersj ng a Elpemlytisallpr dpar ed Spgcimgs Preparedog for 168
hours in sd| vent supplijed by Ashl and Cheri cal Conpany and degi gnated ACT

935 was nmijnt ai ned at BIZ degrpgiishegent i gr gde. TiAceord@iguettie | s jdesi gnated a

sol vent strjf pper and ijs used to renove gositive photoresistflayers in the
producti on jof sem conduict or %L%"f‘ The |sol VeR el ly\,‘m ch eag¢h speci nen was
al s

I mer sed anal yzed fjor tra flr om t A&’ speC| men. Tie anmount of
chromium ijon, nickel,} and manganese, in parts per

Chromium 80 19

Iron 600 2

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
and 8.

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.
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results are depicted by the bar charts of Figure 7.

detected in the solvent used to test each specinen is set forth

El ectrolytically

-12 Pol i shed Accor di ng
| nvenPCHYS99/07581 -
59 I ron :
137 7
undet ect abl e These

was conduct ed by |nner5|ng a speC|nenyprepared by each nethod
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Chromium 275 59

Iron 1064 244

Nicket 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,

billion, detected in the solvent used to test each specimen is set forth below.

iron, nickel, and manganese, in parts per
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Speci nen WO 99/51794 | nventi on Chrom um PCT/US99/07581 -
35196 26 [ ron _ 122516
70 Ni ckel 17018 8
Manganese 3671 undet ect abl e
These tests denonstrate the effectiveness of the present invention for
creating a filmthat provides aS|gn|f|cantIy nore effective
barrier bet =eel all oy
steel and soljutions withwhi ch EBlectrblysitallyl s are i Specimext Prepared Y/ar i ous
appl i cations, Nunmer ous nodli fications may be de to the
foregoi ng sygtem wi t hout {depar tpyfighed froxetdy ? elpchi ngs
t hereof. Al tHough the pre¢sent invention haf been descr be
substantial ¢etail with feferepge.to one of nore specific enbokh ment s,
t hose of skiljl in t nEPEPER || ¢ bcogni ZBVEIHBR changel nmay be nade
thereto with@ut departing fromthe

Chromium . 35196 26

Iron 122516 70

Nickel 17018 8

Manganese 3671 undetectable

These resﬁlts are depicted by the bar charts of Figure 7.

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.
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scope and spirit of the invention as set forth in the appended cl ai ns.
REPLACENMENT SHEET - 14 - 1. A nethod for creating an oxide
coating on the surface of a conponent for_r‘rad_ fromaustenitic

st ai nl ess st 3P IUF179 ckel all oy steel, the conponent havi ng aPCTAUS99/07581 -
naturally fornmed oxide filmat the surface, the nmethod conprising the steps
of :  enhanci ng t hematurally _forned oxide filmon the surface by

heating the surface, jn the presence of circulating dry air for a first

peri od I”ﬂ"””,”,"lm ' at a tepmesat ure of approxi mately 300
degrees centi grade; "y ! mtmmeati ng the surface in the presence of
static dry air at an elevatel s =« pressure for a second
period of tine at a tenperature that is hi gher than
the tenperature during the first peri,Qd; and renovi.n n exterior. portion
of the enhanced oxp&¥ F REpatipg gpaggpgipgiqqgtﬁ?pggch‘g%tacomponent fopmede by
an oxi de coating having a high ratio of chromumto iron is exposed at

the surface of thdremansteritie staindess steel oronickel alivjestesl; the¢opiponens having aher ei n
the first period of tinme is approxi mtely one hour .

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 coé.ting 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.



'3. " The nethod of claim 1 wherein the terrperature during the second

period of tinme degrees centi grade. 4,
The met hod of WoIsisI92 \Mﬂ"@ﬂﬂ mm nrat e duri ng t he secopgTaRpdedsLf

heating is approximatel y» 425 degrees eentigrade. . The net hod of
claiml1 wherein the second period of tine is approxi mately t wo
hour s. 6. The nmethod of claim2 wherein the second period is

pori od 115 apioxi rivaTyUodof faim 2 whieif B Riipftanits Bthe gt et iod of 00T

t he second period s .approxi matel hour s. The nethod of claim
1 wherein the el e\;?f?@é)% %éﬁoﬁe ”é‘lg dSne and one hal f

i nches water col umm. 10. The met hod of claim 3 wherein the el evated
pressure i s approximately one and one hal f inches water colum.
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.



11. The method of claim5 wherein the el evated pressure is approximately

one "and one nhalf 1nches water colum. - 16 - 12. The
met hod of claim?7 v\mmmn ﬁ”mﬁum ed prgssure is approxi mtely one and
one hal f i noWee9siat | | The met hod of cl ai m 1P@ERAISEIS8he
oxi di zing treatnent &onpri'ses sdbnkrsing the surface in a solution
of approximately ten percent phosphoric acid. 14. The nmethod of claim
3 wherein the oxidizing treatnment conprises subnersing t he surface

in a solutioi2.of Himmethodref elkin 7 evhepsin thendlevatedgprbssarecis apprdximatelysone andhe
met hod of claim7 wherein the oxidizing treatnment conprises subnersing

the surface in a §lyatdifthed wattpRoRnRt €l y ten percent phosphoric acid.
16. The nethod of claim 16 wherein the oxidizing treatnent conprises

subner si ng the surface in a solution of approxinmately ten percent
phosphori c acid.

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 2 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.



