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OXIDATION RESISTANT ALLOYS, METHOL
FOR FRODUCING OXIDATICN RESISTANT
ALLCYS

CONTRACTUAL RIGHTS TG THE INVENTICN

The W5, Governmenl has eerlain rights in this iovention
purzuant 1o an employment cooteact belwean the inventors
amdl the US. Depariment of Enecgy.

BACKGROUND OF THE INVENTION

L. Fickl of the loventicn

This invention relales w an oxidalion resislan slee] and
mefhad For malting same, and mare specitically, this inven-
tion relates tnn an oxidation resistant sieel and a method For
making oxidation resistant steel haviog SUpenion resslances al
FNF C,and at lemperatures exceeding F00° C

2. Background of the Jovention

Oxidation rales and machanizms in numerous metals and
alliys have been inveshigaied in vanows envimnrmenis.
Oxidation characieristics of imn-based malernials depend on
the alloying elements of those materials and the oxiduiion
eV IHINmEnts.

Additions of chromium, maoganese, silicon, and alumi-
num singly or in combination cen promots the [omotion of
protective films, such as MU, oxide, M., spinels and
MO, sesquioxides (where Mebe, £, Mo, 51 1ndior Al).

Iron base alloys withh additions of 13 percenl of more

chromium are designaed sinnless sieels and in oxidizing

envinmsots fomm & strongly adhecenl prolectve chmmium
oxide over ihe base metal.

Aduminum and silicon are frequenily added Lo slainless
steel in an altermpt W improve prolective oxide flms. In
Fe—Cr—Al alloys, oxide layers are formed with alumioum
oxkk initially forming an owler layer and chromium oxide
an iooeer layer. ln Fe—Cr—35i alloys, cheomium oxide forins
an cuker layer with silicon oxide fomming 2 thin inner layer
(or scake) at the melal-oxide imlerface,

Aluminum and silicon also act o impoove the oxidation
resistance of stainless steels. It is thought that they act
symenrsiially. US. Pat. No. 4,102,325 awardad 1o Michels
on Jul. 25, 1978 provides 3 low-chromium conaining alloy
that is oxidation resistam. Thal alloy conlains up 10 4.5
percenl aluminion, and up 13 4.5 percent silicon wilth &
combined sihcon-phus-alomiowm conlent of ¥ o T percent.

Bty alumioitm awd silicon concentrate in alkoy substrates
at tlw oxids seale/mietal merfacs, Iowevern, silicon concen-
ates a5 melal while aluminum coocentrates langely as an
ci e, The aluminum oxide has been stown W discupt 1he
formativn of the silicon oxide protcclive scale bencath e
outer chinomiun laver diseussed supra The imeentors belisve
(b this discuption of the silicon layer comprianises oxida-
Hon tesislanee, particularly st lempereturss between 000 .
and 2007 C,

Siainless sieels exist which confer high oxidation resis-
e al or ebove THE O Huwever, these steels cuntain
higher amoums of chromivm and nickel, or additions of rare
earih <lements and other expensive additives. LS. Pat. No.
4003933 awarded on Do, 20, 1977 and US. Parl. Nu.
4,108,641 awarded oo Aug, 22, 1975, both 1o Fujioka, ¢ al.,
require 3 combination of silicon and rare eah elements 10
cunler resislance above LLO0F C

Aneed exisis in the anl For a low-cost oxidalion resistanl
alloy and a method for producing an alloy 1hat displays
supe nor oxkdalm resistance. The alloy should condain rela-
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tively senall amounts of chomiom or nickel compared to the
premiuom Stainless seel alkoys oo avaeileble. Fonhermore,
the alloy showld be resistao 1o oxidalion al wmperatures
above FHF C.

SUMMARY OF THE INVENTION

It 5 an object of the invemion to provide an oxidation
resistant allov and a mewbod Eor producing the alloy tha
ovvereormes many of e dissdvanieges of the prioe anl.

Another object of the inveniim & o provide an oxidation
mespsiant alloy. A feawre of the imeemiion i3 the fermation
and prescnce of a contineous, defect-free layer of silicon-
oxide andl the shsenoe ofF any aluminum. The absence of
sluminum ullovas [or the rmstion of higher amouns of
silicon oxide films, Another Eeature iz that the full ausienitic
miceosiruciure of e alloy is maintained despile (he silicon
wrklitions. An advantage oD e invemion is tat the elloy has
oxidalion resistance characizristics al $00° O, pormelly seen
ol U

Yeu another alject of the present ioventicn is to provide a
mellwd B procucing a highly oxidalion-ressstanl alloy. A
featupe of 1he method 15 subjecting an alloy to a pretreaimeo
leating siep al a firal temperature (o produce an oxide
protective Tiyer which i ool produced ol & WOwWer [Empmera-
ture. An advanlegs of the imvention is that Lthe pretreaiment
siep incoeases oxidalion msislance of the alloy vis-a-vis
unliealed alloy and therelome extends the we ol wlaively
lew—cosl conventional 15-3 1ype stainless steels in the vem-
peralure rangs hetwesn MX° O and the pretreatment tem-
peralure of 3007 L.

Bricly, Lhe snvenmion provides oz 2 method Gor prroducing
an axulabon-resistant aloy, the method compnsiog provid-
ing an alkey comprising imn, chomium, nickel, mangansse,
molybdenum, and silicon; and heating the alloy o 30007
praor o Wi

Alse provided = s fully avstenilic allay containing no
alurminum, the alkiy comprising iron, chromiom, mickel,
mangamss, molybdenum aod silicon,

The invention alse provides 2 method Gor prosducing
oxidation-resiztant alloy for use at temperatures Relow S0°
(7, the method comprising providing ane alloy oomprising
iron, chromium, oickel, mangaoese, molybde oum, and sili-
con; and heating the alloy 21 o temperature and for a 1ime
sutficient In form s condindgeus axsde Blm oan a surface of
suid alkey.

BRICT GLSCRIPTION OF TIIE DRAWING

The iovenlicn togelher with the above and other objecis
wrl advanteges will be best understood [rom 1be following
detailed descrplion of the preferred embodiment of the
imvention shown in the accompanving driwing, wherzin:

FI5. 1 is a greph depicning weight gein during heating w
T . of alloys comeining silicon, elloys conteining elu-
minum and silicon, and of conventional alloys, in aceor-
dance with Featnces of the present invention:

F15. 2 is a gruph depicting weight guin during hesling w
8007 C, of allovs comaining silicon bul no zlenaimim
compared to convenlional alkvws and alloys containing sili-
von snd sluminum, in accordance with [eatwres of the
present Jinvention;

F15. 3 iz a graph comparing weight gain during heating
to TO0° L of conventional allows, alliys conlainimg silieon
wilh no pretreatment, amd alloys pre-ieatsd al S00%
before use, in accordance with Features of the presznl
invenlion.
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DETAILED DESCRIFTION OF THE
INVENTION

Anew alloy has Been developed having superior oxida-
tion resistance. Alsa developed is a pretrzatment process 10
produce alloys with better oXidation resistance a0 higher
wemperatures than the oxidation resistanee oormally dis-
played by wntrealed allows ol bower temperzlures. The
invenled alloys, and alloys peoduced vis he invemed
process, can be melicd, forged and rolled 1o standard forms
by 1he complete range of standard commercial techniques
wia standand cormmercial pracice and convenional pnor art.

The imvemied alloys amd the alloys peoduced wvia the
iovented method showed markedly improved pecfrrmance
in oxidation resistance between F00° C, and B00F C, [t iz this
emperaiure cange where convenlional slaiuless sieels are
pecformance limited. The iemperature inzrease from 700° C.
1o 2N° a5 8 large temperature inerease for lean chmminm
alloys and is iypically in the lemperature range where
cuulalion cesislanse Euls calastrophically.

The inventoes fvuod that a critical factor in their alloy
design 15 microstimeture control. Microsiructurl vanatians
cifect mechanical propenics, weldability, aod oxidation;
corrosion bebavior. Over the compositional ramges of
intergsl, the microstmicture of the alloys could contain
ausienite phase (ie., Face-comer cubic), femite phase (L.
bady center cubich, or both of these phases.

Tovented Alloy
Substrate Cretail

The invented allov represenils an ausicnitic misrostnie-

(e, The inventors surmise that the sustenitie erysial sioue-
wure of their alloy provides a closzly packed crvstal struciire
which confers high wmperalure resistenee and sirength.
Horh silicon and aluminum are poent farcile stabilizers. As
such, quantities ol Si and Al that can be whied withouwt mile
formation are Jimited.

Specifically, the invenied alliy subsirate comprises o lean
(ks than 18 weight percenty chromiwm stainbess sieel alloy
which shows oxidation resisiance typically scen in more
expensive slaiuless steel aubsiraes. The invenlors found that
alluys of the base compusilion with voly silivun adkded
behaved completely diferenily dunng oxidation tesling at
FNECoand BIKE O compared 10 alloys contzining both
silicun 4o sluminem.

For example, and as illusiated in FIG. 1, alloys contain-
ing silicon {Cirowp B), and alloys eontaining aluminum and
silivin (Group Ay disprlay betler oxidation resistams: al 700°
C. than mar ypical stainkss sieels or alloys. However, and
as depicted in FIG, 2, only silicon alloys (Growp B) per-
Lowmmedl Bedler Lhan cotventional saivless sweel al S00° C.
This indicates that difflerem proteciive mechanisms are
present at SXF {7 tor alloys with silicon only compared 10
alloys with bodly silicoo amd aluminum.

Surprismgly and wiepeciedly, the myventors found that
1he oxidalion pertfommance Ior (beir alloys having 2 weight
pereenl silieon or 3 weight percent silicon exhibied higher
resislance ol 800° C. than ai 700° C. This indicales thal new
provecirve oxidation Blm kinetics controls the oxidation
process of 1hese invenisd subsicales al 5%

The adidition of silicon in he weighl percents specified
infea confer sohd solutin strengihening o iypical alloys.
Furthermeore, the silicon additions do not inbibit the wse of
ollwer strengthening mechanizms, such as carbide slrength-
ening.-

Generally, 1he invented allovs have U approximale base
compogition Fe—16Cr—16Ni—2Mn—1Meo, wherein
Chmomium repreésents 16 weighl percent, Mickel 16 weight
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percenl, Manganese 7 weighl percest, Molvbdenom 1
weight percent, and Iron the emainder. This base eompo-
sition alkows for additions of approximately four weighi
percent silicon, while relaimiog 2 folly sustenilic stracture.
Genperally, a cesiling subsicane oeotaining less than fowr
perctut ferrite is considered by the inventors as suiably
austenitie, Opiionally, minor secoodary carbide Exrming
elements, such as Wianiem, niobivm, vanedivm, and Carbon
arc added for precipitation stirengthening via \he formation
of fine carbide dispersions. Thesa secondary additions add
up by less than ooe weizhn peoeenl.

The meterisls discussed in the present invention werc
prepared wilh high purily alloving addition by awandard
vacuun induction meling. lugots were produced for labo-
relory Wsling, renging in size fom 1o 5 kilograms.
Pretrearment
Derail

The pretcealmem slep compnses subjectng alloy sub-
sirale @ g temperaine of appoximalely %007 C. and for
berween 173 and 23 hours. This preteatment profoc] is
caentially a preoxidizing procedure wheeein the surface is
oxidized with oxide films (primarily silicon oxides and
chromium oxides) ool formed at lower wemperalues. The
prefrediment process provides cxceplional oxidation resis-
tance al THF . herstofors not seen with alloys of this
quality and coostitueocy,

In summary, al B O the inventors detccted the for-
mation ol unigquely peotective pxide Gims, which do o
form a 700, These unique films significamly show the
oxidation rate of alloys a0 800 O, comparcd to typical allovs
subjected 1 BO0 C. emperatures. Furthermore, prefreaiment
al BWF C, confers higher oxidation resisianoe al 707
than sccn in typical allovs subjeeted wo 07 O,

The invenlors preoeidized specimens al B0 O for 190
hurs in ambienl atmasphere. As muore [ully disewssed inlra,
this preieeatmen step conferred oxidation resistance o the
alloy such that 2em weight goin of the allyy Goconed after
1000 hours of expesure W TOO0* O

Reduced weight gains in ihe imvenicd alloys rofleet
improwed oxidation resistance, 1s depicled in FIGE. 2-3. For
example, FIG. 2 shows that w 300 O, alluys with silicon
and no aluminum have one-founh the weight gain seen
comventional Iype M0 stainless steel. Compared Lo Dbaseline
]l (it subsimle containing o alominem or silicon), the
invenled substrale exhibiled anly one-tenth 10 one-sighth the
waighl gain.

Swurprisingly and unexpectedly, (he inventors fouod thal
allovs with both =silicon and aluminum addiions expen-
enced A two-fold increase in weight compared o conven-
Licwnal 304 slainkess seel

EXAMPLE 1

Acseries of stainless steel alloys wilh a base compasition
of Fe—160r—1aNi—2Mo—1 Mo with varying additions of
Siownd Al were melled a5 1 Ky chapes. The alloys were
forged aml molled at 1075% O fo 003 inch plate. 1 inch by 1
inch by (1.3 inch thick specimens were machined, finisbed o
o G00=zrit surlace [mish and prepared (or oxidalion esling
togeiber with o sample of Uype 304 stainless sleel.

Table 1 shows the nominal composition of the allay sarizs
together witl the mag-oetic response of the specimens. The
alloys were all non-magmetic except for a very slight meg-
nelic responss in the 35i—1Al and 25i—2Al compositions
indicating fully auste«nilic micro-siruciures excepl for small
fervite coments in the latter two compositions.

Data from oxidation tesis of the imvented alloy senes are
shown o FIGL 2 at &P € Allays with 50 and Al additions
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(e, Gooup A alloysy exbabal weixht aios approdcdately 2=
more hian thal of I8Cr=—=8Mi {type 304} afier 1000 hours.
The Growp A alley dali s encompassed by the two bowodary
clrves shown therefor.

Alloys with 51 alone (Group BY exhibited one -cighth 1he
weight gain seen with the 3i plus Al alloys and one-ninth
that scen with a base compositen conlziming no Sioaod Al
addions.

TABLE 1
Bionmel Alloy Compomoon (wr Bet ) For CotdatowSul Adatwrn
Lenmag alloys
Lltubn
Al Fe Cr M W M 5 Al Magmen: Response
1 bul 1 1M 1 2 0 I M
i bnl 16 W 1 2 3 n M
i bal 1 1 1 2 3 1 |
4 bl 18 M 1 < = n M
i bnl 16 W 1 2 2 1 M
[ bal 1 1 1 2 2 2 5
7 Wl 16 W 1 2 1 1 M
Eey

[ = non mmgneli:
Sh m shghrly magnelc

The temperatiee increase (rom 7007 C. o 800" C. is 4
large lempersture inerease for lean chromium alloys and is
rpically in Ihe temperature range where oxidation protec-
tion Gls calasiiophically. However, oxidaton perlormance
of the invented 250 and 380 allovs o 8007 O, arc cquivalent
or betler than a0 MW™ C, This indicates that & new prolective
cxidation film kinetics coutrol the oxidation process at B00°
L

EXAMILE 2

A second serics of alloys with a base composilion
Fe—140r—16MN1i—2Mo—Moe with varying addiions of 51
and Al were melied as 5 kg charges. Takbke 2 shows 1he
nominal compositions of the alloys all of which were
mn-megnelic. A mon-magmetic aloy means a single phase
austemilic micm struclure has been achieved. The alloys
wers [orged and olled 1o 0.3 inch plae a0 1075 C. and
I-iowch by 1-inch by 03 inch specimens wece machined fr
crx ilation lesting. Samples wiere Gnished w a 400 griy surfsoe
finish pricr v oxidation tesiing.

Specimens with 2 weighl percent Si— and 3 weight
prescent Si-additions were preoxidized for 1940 houes al 5007
O then removed, These preoxidized specimens were then
tested at MO T togethar with 25§ and 350 specimens that
had mot been preoxidized. A (vpe 34 stainless sieel speci-
men was o slandard,

Results are shown in FIG. 3. Weight gain for 1he 250 and
351 alloys was rdwoed by a factor of 2 compared 10 type 34
stainless steel. However, the precxidized 250 2ol 351 allays
sherw no significent weight gain whatsaever, sven after 1000
haurs at 7007 C. This again shews that axide layers foemed
ar HOO® (2 are significantly more pedective thon Thoke
Dormed an 7O . When these protective oxide leyers are
formied at 800° C. by o 190 bivur preoxidation treatment Lhe
protective odides are complelely protective al 700% C. for
exprmures e TINKY howirs.

Al
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TARLE 2

Momnunal sllay Compdatern (00 P p For Ol atuaSulfdsLion

Elernént

Mllay Fz ir ML Ma  in =18 Al
-] bal 14 16 1 Z b ik

o hal 1 14 1 2 ] &
10 bal 14 16 | 2 3 1
1] bal 10 L] 1 2 z o
12 hal 1 14 1 2 z 1
13 bal 14 16 | 2 1 1

EXAMFLE 3

Specimens were prepared for analysis by ESCA (eleciron
speciroscopy for chemical analysis}, Specimens wilh 35§
and 25i-2A0 additions that bad under-gone D0 lour oxi-
dalic lests ol BIKT C.were prepared for analvsis. The comer
of the 1-inch by 1-inch by 0, 3-inch samples were ground a1
a 45 degree anghe, Cxamination of the oxide films and zareas
immediztely adjacent lo the oxide films were analyzed, The
arcas analyzed were Weonified as oxide film or hass metal,

Analysis revealed Lthe atomic percent of each element
presenl and this wes booken down nw the atomic percent
presend al various hinding energies. Thes an estimate could
be made as to whether an ekement was présent a5 an
unassaciated element metal or a5 an oXide, Data for the two
specirmens ore shown i Tables 3 and 4.

Faor a given elemenl, colcenlrations io aloniic percent are
listed in coder of increasing binding enengy. Thus the first
concentralion Listed will uswally be associaied with the
clement in ¢lemental form while below it are concenlrations
associated with the element in the oo of an oxide.

As depicted in ‘lables 3 and 4, elementzl Silicon {ol
Silicon vxided exists o the bolk mew] o be inerface
betwesn e bulk metal and the oxide scals. In the 3 Sialloy,
generally, 5.0 atomic percent of the bulk metal is silicon.
Hrvwever, weward the inwerface, 1000 wiomic percent of the
bulk metal is silicon. No silicon was delecled as an oxide i
the bulk metal nesr the inlerface. In the oxide scake present.,
11 atomic percenl & ehkmental silon and 1.9 weighi
percent as siheon oxide.

The elememal comcemratioms determined wers consigient
with a prolective oxide layer consisiing primanly of chro-
mium oxides. The axide faver iz nich in Mn and Cr in the
forom of oxides. This reswlis in the deplenen of Cr and Mn
in the motel region near the oxide-metel ineciace. In the
cuge of Mn, depletion is almost complete. In 1he Si-only
composilion, 2 signiflcant concentration of silicon ocours
adjeccnt to the oxidomete] interdace. [lowever, in the thin
fringe area adjacend 1o the interface, silicom oxide is
observed. In the 3i- and Al-containing alloy (Table 4),
similar charecienistics for 51 ere observed ogether with an
even greater eoncentration of Al ac an axide at the oxide-
melal interface.

The rate of oxidation and growih of the oxide flm appear
to ke dievmimated by (he cutwand difusin of Cr and Mo from
Lhe ase metal thoough e oxibe-melal inlerface amd leading
b0 2 depleticn of ihe elements in the base metal. This
diffusinn mechanism mey be comimlked eventually by the
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formation ot a thio layer of 30, af the oxide-rmetal interface
supporied by & concenteation of 5i in the base metal adjacent
b the interface. The contimuny of the 31 oxXede flm and its
ellect on oxidation Kinelics could be dismupted m Al con-
wziving alloys by the Eormation of aluminum oxide internal

8

TAHRLE 4

Electran Specirscopy for Chemseal Analyss (ESCA) Dat tor
Er— 16— disi—hin— o105 241 Alloy

axulalion i ihe base melal concenlrated near the oxide COMPOSIITON COMPDEINION
, EASE [ATOMIC
metal inerface.
ELEMENL W1 % AU % BASE METAL  QXIE
TAELE 3 0 Fe E] 37X 07 x7
71 17
Cleetren Specanoscopy Ber Chenecal A lyee {ES5CA]) dun for o 1ol 103 ‘;: : 210
Fe— 1t —16M 1 —2M n—1bdo—350 alloy ™ 163 ILY:] aT 1z
bdn T s u Wi
15 Mo 11 0 13 o1
COMPOSITHIN OO PLEITICH 5 hd | aog 94 10
BASE [ATCMICT %) 43
Al 12 414 148 13
a — — LT 4EE
FLEMFNT  WT %  ATOM % EASE MFTAT  (RXIDE FIIMW 3z
- C - - Lo 43
Fe 62 632 455 g
g7 11
Cr Mrl 14 10 4 13 EXAMELE 4
13 1€ 3 2
H %3 151 04 16 In wklition o providing improved oxidation resistane,
xn additions of 51 provide solid soluien strengthening to the
M E 1% n ma alloy. The Si addilions do oot inbubit the use of other
hir: L LES n 1 strengihening mechanmism sech as carbide sirengihening.
Y 19 L1 104 11 M _ o
N 1% Table 5 shows tensile sienghis (both longiudinal and
Al - - transversey of alloys with 25 and 350 sdditions compaced
o _ _ 44 with the base composition having o 5i or Al additions. Data
] . For alloys with OSTi-00 1 Mi=0.5%-0.8C carbide forming
13 s * strengihening additions arc a;so included. I ean be seen thal
< - - 17 e the 255 and 350 additions provide a salid salution suengih-
0 i cning component which is further enhanced by th carbide
forming additions, Both the yield sirengih amd the ultimale
tenzile strength are improved.
TABLE 5
Lrs vield B4 elongahion
Compasuian langstudina I:MFu'I [bdpo} R {)
beese: lamgsluding 4415 1Ma EL] il %4
[ 1 e D =2 8] =11 2} L nsveme it 1] 16 2 Eh ul 14
Lmnsama 44627 161 3 T8 51 5 15
L nsveme Hi2 ] 1619 EhE -] AT
base &+ 15 lamgaLudina 3240 17810 o) 20
LRnsvERe 5271 1859 T=E3 ER
I nsverse wall 3 =T s 2 ]
LR nFrsme Hav g HiTe LR
b + 3 % langatudina a8 M4 Mid
Lrangyerss il 1 154 T 64 LERS ]
LAnswems 353 1 189 2 T B 31
LR n&Ye e g g 1M1 TRw Qe S8
base ¢ 2%+ xm lamgatudina G2a ] MaE R4S 4T 1
[ =0 3N—0 |Mb—35Y—0 80 lmnsoeme 5977 117d 4584 65 14
Lranayerss [ IV TR - ] I T A
LW N e HE 1401 LIRS 47 )
b + 3 50 + 3¢ langatucling [=CF U " R i Td 35
LiaNa¥sI5s W22 Isdd a% e a2
lansvams ERT R TES 3 LY G5 45
Lransvere BES  rasY 4103 65 5
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Whale the inveotion has besn desoribed with cefergoce 10
details of the (lwstrared embodiment, these details are oot
intended to limit the scope of the lovention as defined in e
appended claims.

The ermbodiment of the invemion in which an exclusive =

property o privikege is claimed is defined as follows:
1. A method for producing exidation-resistant alloys For
use al lepnperatiees below S00° C., (he method comprising:
g} provicin en slloy comprsing, by weight 55 14-18%
chromivm, 15-18% nickcl, 1-3% manganesc, 1-2%
malybdenum, and 2-4%. silicon, the Dalance being
iran; and
b} heating the alloy to 300" C._ for between 175=250 hours
FHIGT to wse,
<) frrming & cootinuays silicon oxide flm on a serface of
said alloy thal prodects agaimst oxidition
) forming anetber oxide over the silicon oxids film.
2. The nehod a5 reciled inclaim 1 wherein the ausicnilic
micrasiracture of the alloy is maiotained.
2 The mathod 35 mciled in claim 1 wherzin the alloy
coutaing na aluminum.
4. The method as recited 1o claim 1 wherein the otber
oxide formed over the silicon oxide film is chromiwm oxids.
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X The method ot reeited io claion 1 wherein the step of
eating the allyy impani an oxidalion rate conlolling
mechansm upon (b alloy which operates a0 7000 C.

. A meoithod for producing oxidation-resistant alloy for
wse Ak lempe ratures below S00° O the method comprising:

a) pooviding an allby comprising, by weight %6 14-18%

chriomiwn, 15=-18% nickel, 1-3% mungaoese, 1-2%
malybdeoum, amd 2—% silicon, the balance being
iron; aewd

by lbeating the alloy al & temperatuee aod for a time

sufficicnl 1o form a continuous silicon oxde Glm on a
surface of said alloy thal protects against oxidation,
¢} forming enother oxide over the silicon oxide film.

¥ The method as recited in claim & whwercin the tempera-
twre i 8O0 C. and the lime i between 175250 hows.

& The merbod a5 recited in claim 6 wherein the austenitic
microsiraciure of the alloy 15 maindaioed.

% The method az mciled in claim € whercin 1he other
oxide [ormed over Lhe silivon oxide Glo s cheominm oxide.



