WD 2008/ 013765PCT/ 1_182007/ 016540 METAL ARTI CLE W TH
H GH | NTERSTI Tl AL CONTENT Cross- Reference to Rel ated
WRZHI80d41F on [ 0001] This application is based BRI7U§HY7/016540
claims priority to, prior U S. Provisional Patent
Application Serial No. 60/832,844, filed July 24,
2006, the disclosure of which is incorporated herein
by reference. Background [00021 Case hardening is a
wi dely used industrial process for enhancing the
surface hardness of shaped netal articles. In a
typi cal commercial process, the workpiece is contacted
with natural gas or propane at el evated tenperature
wher eby carbon atons |iberated by deconposition of the
car bon conpound diffuse into the workpiece's surface.
Har deni ng occurs through the reaction of these
di METAL ARBSHAMNFEHAGHIRECBRS B EARS QNS BNt he
wor kpi ece thereby form ng distinct chem cal conmpounds,
i.e. carbides, followed by precipitation of these
carbides as discrete, extrenely hard, crystalline
Cross-Refpepoep ¢p Eelatgd Appligatigh f anni ng t he wor kpi ece' s
surface. See, Stickels, "Gas Carburizing",Ugg 312 to
.5. Provisional Patent

.

[0001] Bhis appdicatien 23 bassl gtaFas GHRMSEPIIYYY toARIPT

Applicaltiﬁﬁeggﬁﬁli aRal 60/k9003], FRIDITES RUSoDb! AU RWs@P Of which is
enhance surface hardness, theéy can al so

incorpopateshbereboby sdpisnce. For this reason, stainless steel is
rarely case hardened by conventional gas
Backgroupdr buri zati on, since the corrosion resistance of the
steel is conprom sed. [0004] In the md 1980's, a
[0002] Ceechardepiagiiop widely used telnitng! Brogpss fos snkaneig thg surface hardness
i S : . 1 _
of sapeSEELEREELE Y R SIRILE RS, BPLBBARELI e i
natural gaspiccaptopabel stwetB8te@ (@3Rriure Avhdarbles ecarlempertemsir Blggrated by

and prowi ded, t hat carbur.i zati.o 0e .| .as 0 :
cocompefing S ELEHOL orrprEbauiBs B HECRRpRLEhtRe,  Jrasdening
“occurs tHrauig0 thRAoKbHef didé dstudedtiaridieatoniskpite ote surhacasetals in the

. typl ly to.a depth of, 20-50 u, w't t f [ f
BERITIEE (RO TN NI TREY AT

precipitallah GfGRER dFMUBAGE dlsBdeed, )extr®rbf Bhrde drysiliiepisicles in the metal
beli eved due to the stres

. ] aL pl aced on the ¢rys
forming [l WPE@IGE 1 HELs8t aPodny ioREo R BB EARB Pt Gl 324, Volume

4, ASM YL ERWRI © 198G 2NSR1 BRéMhGGHADr €Ci pi tates are absent, the
corrosion resistance of the steel is uninpaired, even

[0003] daﬂﬁ@vﬁr@cipitates not only enhance surface hardness, they can also promote
corrosion. For this reason, stainless steel is rarely case hardened by conventional gas

carburization, since the corrosion resistance of the steel is compromised.

[0004] In the mid 1980’s, a technique for case hardening stainless steel was developed in
which the workpiece is contacted with carbon monoxide and hydrogen at low temperature,
typically below 500° C (932° F). At these temperatures, and provided that carburization does
not last too long, carbon atoms liberated by decomposition of the carbon monoxide diffuse
into the workpiece surfaces, typically to a depth of 20-50 p, without formation of carbide
precipitates. Nonetheless, an extraordinarily hard case (surface layer) is obtained, which is
believed due to the stress placed on the crystal lattice of the metal by the diffused carbon
atoms. Moreover, because carbide precipitates are absent, the corrosion resistance of the

steel is unimpaired, even improved.



WD 2008/013765PCOU82007/0165410 [ 0005] Thi s techni que,
is referred to a "low tenperature
‘V9§W§GP?¥§tlon " is described in a number of PCT/US2007/016540
publ i cati ons |nclud|ng U S. 5,556,483, U S. 5,593, 510,
U S 5,792,282, US. 6,165,597, US. 6,547,888, EPO
0787817, Japan 9-14019 (Kokai 9-268364) and Japan 9-
71853 (Kokai 9-71853). The discl osures of these
docunents are incorporated herein by reference.
Summary of the Invention [0006] In accordance with

[0005] ThiY Bchriiy@s) W18k i/ REfrddNb M WOK KALFGaRrAESbLUAYAtion,” is described in
tenperature carburized so that diffused carbon feaches

a numbes G BRATEH TSGR BT SORBATROHUBL 498618, Ulhes 19282, U.S,
6,165 59\7\%%%'527 igRal E@@NO@MR%C%%&V%@@M ﬁgﬂalv‘@P@@SGcﬁS&nﬂ Tapan 9-

‘cont ai n her | evel's of |nte
71853 (Téakﬁrlf%é&ﬁ)caffbg 1stiesussshpbittesb alotementsndsie atompnsitaf herein by
referencd’ OPerties than seen in the past. [0007] Thus, this
|nvent|on provides a process for producing a th|n

S ].!nﬁt in which at |east one property of the
A in rretg‘ﬁ product as a whole, is enhanced by at

[6006] lh‘?aﬂco %pr g{?fr&r qﬁve‘@f‘tlgg 30 Ott}n o%l%:lecd 3 t% gi‘{“{ ntamgerature

ntrea rocess Cotpriostng subj
carburlmﬂ g tmt aifﬁmd Icplb@oeeaomeaalsobstm&mb@bsﬁuﬂ@f the product’s core. The

[ S surf e tre , preferably. | ow
result geth grdat ure’ ca(rel baFs §f aingd % %bg %‘o%ﬁ?]ﬁ th)éfnd higher levels of
interstis'ltlr E@nfitded) sarbolbsindnixhitit etteh coAdsediont iolf reieeticd fhbl sk in the

¢ substantially retained. [0008] In addition, this
past. nventi on al so provides a thi n nmet al product produced

100071 by AP BN P PO 0 RGO b o ifbREtal ptuct in which

at leastt (hidblﬂ@&ﬁj{ omrtm@l tHif ndialdpraledt Casex Rinbid, i enidncb® 8§ tat ¥t 10% as
perty which is enphanced k()%?at | east 10% as conpar ed

compalgil AN Gi s iR BeHiTa bR Eae dprodue heGroassh jcempEgingosubjecting
a thin Sl WiHkHREE td %Q@W%era@&:@fcﬁﬂﬁgbﬂ vh oW §Lﬁ"?ﬂ%@rt?éa%§nt preferably

carburization. [0009] Finally, this 1 nvention also
low temperahdesatbusivaier dYlestcdommpnlyhyield pirosatls del shiystindially rigereased

al product described above into
while (ﬁ‘mgﬂéﬁl s ggbgt%g[pag@arﬁgﬁh

sintering. Brief Descri ption of

0008 tIH%d RN 39S 4@9&%1 110 BrdRiR e i MUER bk dR€
[ ! adﬁry undelr st 0o % ?e ér encent FQEE Lgﬂla\[/\rpyo § od'By gubjccmg
a thin mﬁéalewnrkpwce to a low tcmperature diffusion-based surface treatment, the thin
metal product as a whole exhibiting at least one property which is enhanced by at least 10%
as compared with an otherwise identical product not subjected to such surface treatment,

preferably low temperature carburization,

[0009] Finally, this invention also provides a shaped article which is produced by forming a

mass of the thin metal product described above into a desired shape and sintering.

Brief Description of the Drawings

{0010] The present invention may be more readily understood by reference to the drawings

wherein:

[0031] Figs. 1 and 2 show the effect on the yield strength and ductility of AISI 316 stainless

steel foil low temperature carburized in accordance with this invention, Fig. 1 illustrating



[0011] Figs. 1 and 2 show the effect on the yield
strength and ductility of AISI 316 stainless steel
WOSPIS/ IR t enper at ure carburi zed i n accor dancePGFRA{2007/016540
this invention, Fig. 1 illustrating WO
2008/ 013765PCPUS2007/ 016540 the raw | oad vs.
di spl acenent data and Fig. 2 showi ng the data
normali zed to a standard stress/strain curve. Low
Tenperature Carburization [0012] As indicated above,
the primary focus of this invention is on the | ow
t . I f i -,
e e YSIPSE UGB SRRV R Al L SR Sl BBRLS v sande
stress/ststieetirvel N thi s process, which is extenS|ver descri bed
in the above-noted U. S. 5,556,483, U S. 5,593,510,
Low TempdrSturd Gibueiadtioh). S. 6, 165, 597, U. S. 6, 547,888, EPO
0787817, Japan 9- 14019 (Kokai 9-268364) and Japan
[0012] As 7dBEBed Kbk, tBe pH8E3Y foalserfethisalnvestidiois ok ficibes temperature
.into the metal .matri formnw t he
carburizp o o MO S R DT S BO PR G e RSRAILy stainless
steel. [eftas preesd avideli buettzhsigelgtdebaitedsSnsheaboveshbledus.S. 5,556,483,

us. 5 B 58, Snd 33 LEebTeShh VR e hisd kPGBt £ Gpren o-

14019 @kai 92a3364) phd Jhws WT16H3 FHVREISEYSSH) ldmdid carbon diffuses
corrosi on resistance of the stai Iess steel [ 001

imto the THetaLREHHRAEENE the vAPHCESEHIOW Ayatioa bt qeghide  Precigitates. In

this coh@ﬂpefﬁé&h&a Gar *éh‘ﬂb'uﬁ%fﬂgo Redifledsa stckE dv@touk NfIrRRLSANBE carbide
as _done in the past  so as toq produced carburized

Pl‘empitW@F kpild desungeesieod feptcad “siithpat Eymgiion @idbe tastaidnamounts of
carbide ?k&X@Q £k IR 2&&%}'9@1;%"@%% @})rrSQEH 9&13&5}%'@%&’ st %ﬁg steel.”

atomc % typi cal atom c

[0013] ﬁmvgi)kogda}l%e %ﬂml‘&: éi’eagfcclﬁyéﬁlolngaseggfﬂgéﬁﬂﬂé %ar unzatlon is carried

carburization is fusion 0CessS,
out in tborsamntwm eoKoné i dndpastise dshie wmdkcmdembtsmmdr Wadwleces whose
eases Qr, ver

m at e outer
reated §GHEERE st REb RalF SRt Tholie S LGl i MR hoou >
15 atonfiettioc Mhors tyﬁimu}aaﬂmm 56 b ammbic 2hi @revien SM@ atoraici #e" Because low
temper%&x@o(‘:aa 1%%7@%&}13% aFﬁE gﬁfsggl;-l%%}z -?ﬁctfws)sr, :tﬁep :ﬁﬁﬁ?ﬁ%nkgtlon 0? catbidn in the
workpi¢RALH SR detdades TR henLaming ﬂ drachbphics ARE etleriabstanriade of the

about 2-15 atq % nean his.is the carbon,
worlpi g AT Fongh SH AP VAAS CYHEN Il SR EAOR DG Rt gy (o “native”
or untrézhb@ rRQAC BBHT aHIEN thahdrigie®f is hiadben ededrihddd with Fxck’s law.

|ue at depth which can be as little as, 50% from .
Thus, lwlkb@ é%‘é‘“%m@@tﬂ?ﬁ reiGraugE &0 A SATPOPSORBFEration ot aPpyt %.%5 aformic %

means (A€ (REAS th®TcarRmdloehiriad BE oMREMPIRCR oS pPaE rsurface with this
surface, G eater depths of diffused carbon, e.g

concentyaliqn &dlingsols to e eqpekbrivn vlglueaﬁt depfboehiph éan ﬁg\;gé\}létlle as 5 p from
the wo%agé;c{ o d-OWel RORGEAL wtels%w A5G dhSUEAACEE 20-50 p from the

ments [0014] Al't hough IS I'nvention concentrates
workpiene’y outer surfrseat Gr@teraiepthsmialaﬁfmd@ﬁrhqm A-g;» asidgkplas 7amdor even

100 p a?é)En?J b‘l?%%%v@t“ oys, other anal ogous diffusion-based
ace treatnents can al so be used.

Other Low Temperature Diffusion-Based Surface Treatments

[0014] Although this invention concentrates on low temperature carburization of iron-,

nickel- and cobalt-based alloys, other analogous diffusion-based surface treatments can also
be used.



WO 2008/ 013765PCT/ US2007/ 016540 [0015] In | ow
erature carburization, as indicated above, atomc
W@égg%ﬂyﬁﬁffuses interstitially into the worl cpyEEE2007/016540
surfaces, i.e., carbon atons travel through the spaces
between the netal atons w thout significant
substitutional diffusion of the netal atons. Because
the processing tenperature is |ow, these carbon atomns
forma solid solution with the netal atons of the
wor kpi ece surfaces. They do not react with these netal
[oo15] Bf ag® E&n;%&am&tdl%ur&ggmuﬁgsl fe Q! BB AR carbon diffuses
) carburization is therefore d| erent rom nor nal
interstitidiyb it Zhei warkpdgeei safoses, ot Ivhthionr atbmsptipeal uthesnghnthe spaces
betweeHhE pnettes] atbiNs b\gﬂhcﬂ&%igggﬁtsub&&lﬁ&ggl dlfﬁjswn of the metal atoms,
corrosi on-pronoti ng carbide preci
Becausg fecpfocessimg wimpeoatpoundews theke aarbwﬁai@ﬁn( éongn a 's6li236hition with

hro m ¢ d the |ike ranged
e metfl oEHOR U RUBI B bpbe TR AP Tok it AL PR il atoms o
form othhecwrapahndmtﬂ‘.ow térapestifued cmbami.ﬂm E?hér@fd?ediffé@@tlﬁbm normal
her ana ous ocesses are known for altering the
carburiGOR oaEh ARG, WEREE FEpeBroizs fEOGHCIGRE SREEE APIS resct to form
corrosidrPpRInsdting adlrbﬁlef fn*é&ip@tﬁte@f i.8} @BBciEBtRefaDRoMPOLLAR &3 as MxCe
surfaces at relatiyv XQJOM/tenperatures to formsolid

(6.8, Coppfoaior SREORMMIH carpidgre MC2atgniio e arigngpd frodie form of discrete

phases §Parmé b a it HEW (60 AR S rik n Wtﬁ%ﬁ aR hesned.
Exanpl es include nitriding of iron rom um and/ or

[0016] (Dtﬁéi’eénalp@giﬁg RbRYS are AR EST itk g BF éuh@@e cRRGOIEYRS of a

ni ckel based alloys, and nitriding of
metal qurka’ﬁpfa kY paksegitial ldtf%wrt @f sams 18tof be, waTkPicse syt g aclatively

low ten?ﬂératﬁfesttﬁ %ﬁn @Bf?& SS1RESnAth thE et %[Jrﬁgtﬁcpeln without formation of

[ ectivel Yy owterrperature I ntersti
new comppﬂu@s t;hsetpa@é@lplsam acdixampat inshtde. mm[dbng@‘{ xrAn,l chgomium and/or

nickel t;?s‘é(d @%r %5.% 1'tnnc{1§% I1"Vror‘1r’1| chq'l ffﬁ' 'z?n'h/ ag{ecg(elsg ?egltloys and

§ "can be us |n accor ance w
mtndmg fdittiiom-bakdtlidgs, to namy a feach ok cohesdedceyall of these processes
nterstit glffu5|on base

witl by FRBEREHS SRR a5l Pt TR CRTloR B GG based surtuce

treatmert®l’ng t he technol ogy of this invention to make new
products with greater concentrations of the diffused

- [0017] Albswhalod ketpeptuRriapedtitiabgiffilstdh-baad lsalthee trdathl?@ts can be used

. St s [0018] The present inventiaon I

in accoffiiice AR S BLFPTIOVER by RBFotels THA6 0T Bhviheseroyy temperature

1nterst1ﬂiﬁ1ﬁiiﬁh51bﬁ$oaﬁiecﬁidr&)é§ {re@hSdhtd BdrEhd ApdicaltS tMYﬁ'rhetKI‘@Mkp?é&s using
cr d for exanple in the above-noted US Pat ent

the tec@f%@y E

is gregntipy iig fpakqoneve W%@lthw@te@s@wwwﬂs of the

diffused®afoffs ﬁ@&)et@?@o@%ﬁr@ HarAd\GildBiRan ﬁ?egvap gatt ent Docunent
9-14019 (I Cokai 9-268364). [0019] Particular alloys of

Alloys interest are steels, especially steels containing 5 to
50, preferably 10 to 40, w.% N . Preferred all oys

[0018] metlﬂegenwmtaanéﬁ Wil forblalgsk d8+-0 ﬁﬁww&kp%é& mMH fom iron or

. eferred are the stainless steels, especially t
niokel-Ygsed o0 P I TAHEINS MO eYpkRqn L s eedhier example in the

above-noted US Patent No. 5,792,282, U.S. Patent No. 6,093,303, U.S., Patent No.
6,547,888, EPO 0787817 and Japanese Patent Document 9-14019 (Kokai 9-268364).

[0019] Particular alloys of interest are steels, especially steels containing 5 to 50, preferably
10 to 40, wt.% Ni. Preferred alloys contain 10 to 40 wt.% Ni and 10 to 35 wt.% Cr. More

preferred are the stainless steels, especially the AISI 300 series steels. Of special interest are



WD 2008/ 013765PCT/ US2007/ 016540 AlSlI 301, 303, 304,
309, 310, 316, 316E, 317, 317L, 321, 347, CF8M CF3M
WOZAGI376A286 and AL6XN stainl ess steels. As oPCERISZ007/016540

witing, the invention has not been successfully

practiced on 400 series stainless steels, which is

beli eved due to the fact that appropriate conditions

for depassivating the steel in preparation for |ow

tenperature carburization have not yet been

determ ned. Nonet hel ess, the AIS1 400 series stainless

S d i y I 4 0 1 y

AT 388, 5855 PRRr E5PEP. BMeLs T Bl B Aqios sty CREE iy 2s4smo,
A286 midc RdI6XPd sealinddsk ogtsclwhi chs genthize wWridimg, ehpeinaienticm has not been

successﬁm)g ﬁrraigégedd %ﬁ‘l@g?cs%%gg Qt%i%lk}:(l)s\is,tsgafgslj iwziicifl}r;%e E]%%Qd l&lﬁg |6§ %?e fact that
appropﬁ‘até?ﬁ?ndﬁdidr&)é ggo d@jﬁas&ﬂrggv% lthy stk int prdpafméioa_ fCEV\?O“}; temgerature
.exanpl es. In additipon_to i ron- and nickel-based |,
carburiggtiog ave) py Yt direnined DOV T ALKlof i gass Steinless
steels adl bpecRglyDARSE AL 0, ANGNY 1 PhACATI P STC BE: NERETE §feBRAI Blierest.
cobal t - based al l oys as well as nmanganese-based all oys.

[0020] Bsamles nafkebbadedcaiald -brisRdcal |19y Soiwn abiaderaMB8NeaBarized in
Bi odur %%%1 whi | e exanpl es of such manganese- based
accordanep J\jth fhiginygrtion Eclusgiilloy &40, 7dlay O dMigvoths Allsy, C-22, Alloy
C-276, HARZ2H Ahandalldycrisato RIRSE fQ) ckdifpieBt @l bei ng

processed in accordance wth the present invention is

[0021] U JRMSARS . irGS &HE diBWEBhiRN afieys, DB WP ARDEERAC Wdrburization in
' nmetal s of any phase structure including, but not

accordgnicgivighy tl}eogremtigyﬁmiep opg,a}qo.thg prsaliecsnen p@alﬁh@e@glloys as well
as marPBhdeDat& Qilor%g%)%ﬁ};ﬁ@sj beLEdd S&baﬁﬁafsﬁdtﬁig@% \4\9515&% REPFSN and

. and Products n accordance w resen
Biodurj Gi@d: wodle examaples efipecmmamganase-dasad elleys include AISI 201, AISI

' i on--kased surface treatnent is carried out on a
ZOKEZQ#%%%&&ﬁgPEDiece to produce a "thin" surface-treated

duct.. [ 0024 - WOr kpi .t hat has, been subjected. to
ooz} Ao, & MROBRG BEnk o RRRL RERARS S shSpresen
inventibn éatniapbriaat) abehcmvsntiter @ tesprhawiedgrameciaty ef el plese etructure

: .surr,ounde .a.diffusion-enrjched surface or "case".
includifiro RG0! nHEH 0 (ol SSEP o TGy dRTALe: UMy Thetals (e
austenite?fépéteqtese.e carburization, this carburized surface
h will normally extend down to a depth of about 20 pt to
Thin Wodljaedes 40duPa@idvesen 50 1A from the outernost surface,
al t hough greater depths are possible. Because this
[0023] dasecedphdr wsthettier gigRiny ifvntionoapewedmpletdiuechigteostitiadldiffusion-
based t hi.ckness of the mfgk‘]ﬁ)i ece, t.he vast. mpjority and, .
ased JURHIGE JreauBEHt B HPFPhaPtt O 2t HERaMfqrepecs o @ €&y thin” surface-
treated padduce netal i.e., metal not infused with additiona
anmounts of interstitial carbon. As a result, the case

[0024] exerntigpiag: that hadakhaubkiegto alow hanpaehadaktitial diffusion-based
surfaceptrrga%%%;ti' ga?n c]; ctortn]selde\zl\xgcrl légih%\(;i%gaasﬁ i?ltél\rﬂa?ll c%re swrrounded by a diffusion-
enriched surface or “case”. When the interstitial diffusion treatment is low temperature
carburization, this carburized surface will normally extend down to a depth of about 20 it to
about 40 W or even 50 p from the outermost surface, although greater depths are possible.
Because this case depth is extremely thin compared with the overall thickness of the
workpiece, the vast majority and indeed essentially all of the article is composed of native
metal i.e., metal not infused with additional amounts of interstitial carbon. As a result, the

case exerts no noticeable effect on the mechanical properties of the workpiece as a whole.



WD 2008/ 013765PCT/ U 82007/ 016540 [ 0025] I n accordance

with the invention, however, the workpiece being
WEZBEEH3®E is very thin, normally on the order PET/US2007/016540

0.0004 to 0.01 inch thick (-0.01 to -0.25 mm -10 to

-250 p), nore typically about 0.001 to 0.003 inch

thick (-0.025 to -0.08 mm -25to -75 p). At these

smal | worlcpi ece thicknesses, case thickness becones

significant relative to core thickness, the result of

which is that the properties of the workpi ece as a

[0025] WROlRohfcd RERaH: 1H¢*énﬂ%ﬂcﬁ&v€\ye tﬁ]l@ v9 ecg— s r% {)rocéssted is very

possible, in accordance Wwth t I nve
thin, nprmaglicen Hwverdart ef D&084 hadiHginph dpek t('rléél o t-OtSeming usliOyto ~250
I d
. meTEBRNL A6 028 B3y SISO AR B8 .
these gnrali kwqublyaca thigkhessenf cade fthiekaesk WC&thlsﬁgmﬁaaml gdative to core
tickngHs e gl SRR A PRI EY B ERPIRAr B g Gt g varole are indecd

mﬂueribtdh by the wab@c aius @aisepodsivld, iRrRdotdhndwaGCOEGRBSML Wkdition, to
g npresent i nvention,. As can be seen fromthis
pro “‘?.“5 atepipls haviedupRetichnet arevirud%seaddasyrecur ve A
reache lastic limt at a stress of about 300 MPa
[0026}f aa&ﬂé‘@%@gﬁ? 0y the B5gs-r hapd 2nwhichi shows, g sbigsy/sirain relationships
E,Xhlblﬂﬁ;)ﬁﬁ) ndabeLoNdRrd AR 836 HaiklBMaMd Ws BWObE M BLE048 mm; ~50 1)
represented by Curve B, did not reach their elastic

thick wiigh have hesn lovh emapprivercabraged \werrodersut b swhepe-treated foil
producT'?h ScbGRAERLRAS RelRufent %\%n'ttﬁﬁr eﬂé‘ Qah BeYid ghdﬁ?:‘&rtﬁ[)bgﬁgure the
th ductility being substanti al retaine
untreaf@ﬁ cs”wi aepreseated e Sorve Ageeahed @tSIGéasac dingip ﬁsm@pmx’wbout 300 MPa
t I
(meg st:glﬁf teﬁle%/dﬁ\?lve%r&reﬂhﬁafé g ﬁ-?zg%cy}] ﬁgﬁ]agl g?th Jﬁé %?esfeﬁtol ention, which
are repeserpidelee €upy o Beslsd dobyeachdhgr ekbetid llnntseumtzldheaapphed stress was

about %U(ﬂ}(dﬁgogf%g t%f)rgseB szasfourc%elr 8£&egseoo%eltgos)tr%ng%1r\igﬂﬁ I&uctility being

substamgq:ilyt:&ltdtyechtﬁhmtebg Doving titht A0Sl thedted hir(ltﬂ(al(e' Gor&fdfbrzﬂﬂy different
wever pi eces o

mateﬂalﬁ ? savs Prypiicasedei EI‘PBHZ‘{E@ WeeaBde processed i f

|s that e wor kpi,eces

[0027] fr}ﬂd ??t%&aﬁ%‘f?’ t %gg{r epc@v\prpgc‘:ﬁg%q %93?‘8 present invention are thin,
nonnatiy foﬁ"M&b Qﬁdd&aﬁemoe@w tR oD 1t meRtHRR ~0 a1l rtbedh, P31tmrh 000 1o ~250 W),

so that the case produce this surface
wore SRt (A i DGk TIRiAR PRI 1o e T 625 10 ~75 ),

However,; wod®¥8cet 61 gfeatcﬁaﬁtleﬁ@ﬁth@ék%@%r &N a%o B@?rﬁe@é@d‘}& d8sird. What
whol e as conpared with an otherw se I cal

is impgised s bl thessnivapknesees targ Hirgaeuely cmlare dowi templsgature diffusion-
bascd SR teabhedtiafriéll S Qﬁgre%ou ol RbNhat e c%@gfo%ﬁcécpb9 this surface
wor kpi ece which is subj dg ?owtenp ratu
treatmeryt igigrts 14 Apt-ihstenifisash Cbmgeae@ t?r tfomsmtat \Aﬁaslt ope property of the
d %Q%f&r‘i%dég Adad i
procu S SHOR 0o EBRIS A IASS M LA SIS o 15
made. by t he tr eat ment i s enhanced by at | east 10% as
onpared with an otherw se identical product nade
[0028] Vﬁ'q o dhe chptextiof 4bis diselaturentthin Wi relation to a workpiece which is
¥/ 0,
09043 BRI RO Q08 B SHt rmcrson to
mean pufhpifmw whidhhiss smﬂe@tqugh don tati e lémtltme piapesty of the product
produc%?\lﬁfthehgéagén%gf és gpl a%c@&'% f tplg tl f:d‘uoaatsegdmlga(?r%devzf(f?hnpalledthemise
identical product made without the surface treatment



Property Enhancenents [0030] Various different

nmechani cal, electrical and nagnetic properties of thin
WS/ OGP kpi eces can be enhanced by this i nveRET3I$2007/016540

Exanpl es include, but are not limted to hardness,

yield strength, ultimate tensile strength, elastic

limt, electrical resistance and nmagnetic

susceptibility. Moreover, while the_above discl osure

refers to enhancing at |east one of these properties

by at least 10% it should be appreciated that far

[0029] }gﬁrpcglilgrr g%?rﬂﬁfé I}E‘E]CB »af& 1&))b<§c%§ é%rgoggctgxﬂmhg uﬁposes of this

%tance ca
inventiod %c1ud e Yoils} OdiresS ovda) Y atalety arﬁ%exgﬂé%imlam,efor ¥asiple. Other
t%giscal I%%( 15%to 60% Simlarly, yield strength
shapes TG als@ PORYIPISy a5 much as 100% 200% 300% 400% and
ven 500% are possible. Mst significantly, these
Property EnhancgBVenEs enhancement can be achi eved wit hout

ouser g HSBke! SN, L0 SLNGT Y SRRLLLES SERer o i ot

workpidebd Eﬂebeldnhhlﬁdeﬁ&i}edué thviehGoltl Exandplé@niicRidenbehashewslimited to
that the foils | ow tenperature carburj zed

n
hardnesg, gkt siewstiv BlingHe §eﬁﬁ4§eﬂfqngﬂl R Bl lsaiiob gesistance and
magnetg%géclpﬁbﬂﬂgf' | Mo?@c%ef upti 8d BbvaiselRnaatieftdtniaeity at least

% or nore. Although this el ongation at rupture is
one ofnfdsneseasargwaps dy rhdeasex % tibshyid e emrfa@aieédthaé. fag greater

enhanca?nfxen%‘ﬁ Z;%dos‘szﬁa?é) Oy darhpFe, UNAAGLL E’eﬂtar{c%%ﬁrb%)mcx‘eﬁsédsby as much

er than that of the conventionally carburiZed
as 20%f 60%; 408b0B0%5 FOU, GHGat 8N, 80% apevere ) 00%0e fyrisallt é8%pie 60%.
s 154 b U EES e B OB DAL B LRY B s
are posmem sviose 8i gaibficandyy ﬁms@nemaka!sibamhencdmﬂnt ahg (bed@ésevs“d without
ut. substantial sacri |ce|n
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0031) rhis” i P R RRl RS it £t PBh SIS the foits Tow

temperzdhxfef ¢bﬁblﬁlﬂzetdr ipadcedrdah e witht t&ils prestiet, Cwte Ejlrsmalned ductile until

i nvention_as their erials r net.al
they roR LRI GREARHON O AP ANABEE K1 AIDATE] EyCeoapdi Ry ropture is
not as KRaWRs tl'ﬁl'ﬂ@x%)/teﬁ lﬂ)@fh:hta eahRhgd Folant TRirvs ad(dbouf BSYA elongation at
Shaped netal articles fromthe diffu | on-trea

l’upml‘ebo%d@rgaf preates| Bes A o6t Her oy PRI Nt W%FC@?%&?‘?U“ 5%

elongattin tah'rﬁpﬂuP%e%ﬂr@%nteﬁnﬁkoﬁ&% &1 Ntak NHe Hre&As SB%ertidA not only
also be uséd to formthe thin netal foil products of
achieveshps sibwlantial dncteateo i highld siength) edectrigah resistance and corrosion

remstan%golﬁ{t%}s%?cﬁ)%EgMﬁ%gpgdbgmﬁﬂp%akgﬁggin RGPl ntering
rocesses typic y Involve tormng a mass of netallic

les into a desired shape, optionally conpacting
Sintered Rﬁ{&rhr%ss to desired density (with respect to

[0032] t[H%Q&ﬁ'Pél’ft%l Wit otﬁ@@%‘aﬂﬁe L ﬁu@%nﬂ@nﬁﬁ\%ﬂﬁ&l H&@ai articles are made

es to ne fuse to one another at their
by smtsung goesess@nnsiog auessey af dhe ﬁgffw@t@%t@@ thian mséal ereduety of this

mvenugr? AURSIETICTe n’iﬁ%ﬁhs g\’&l'e? eftafl il}ﬁ u Q?(?tefo?ﬁ&ﬁ?g si;/aped metal

ocesses can be use orw1 articles of
dmclesobars ivradtkshapearfd am tueh tettniqe on- har ewtlgd forh shapgdametal articles

from tl@é]%?tﬁ'&égn«%feﬁgﬁ [$ or%¥§$ia&%£%ﬂ§r(ﬁh§5 ﬁaﬁ) , Iosdtﬁﬂﬁglrﬁn }Bmﬁucts of this

inventipar t Ansllogdws smarmgopmbossles CSUIGﬁSCpbOd.lSBlﬂ go aloenuthicqiher metal foil
e eth are new nmateri al s not
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[0034] Another feature of the thin metal products of
this invention when made from austenitic stainless
WO HEYY3765nc| udi ng shaped nmetal articles made BET/US2007/016540
sintering masses of such thin nmetal products, is that
they exhibit significant nmagnetic susceptibility.
Magnetic susceptibility is the degree of magnetization
of a material in response to an applied nagnetic
field. The dinensionless volume nagnetic
susceptibility, represented by the synbol Xi (also

' iter ' f :
0033) S5 GRS A b % BN Dbyl Py or bt oo
desiredophapise opitcapilnl cqmprstinggibet oiseli ipoldesimsiraiensiper(Wali trespect to

theoreti\égl:g %ﬁ)cpefﬂﬁggﬂé Fr?jsé B BIREHES pASE1TEh Ghelt BRE filel B dliCanother at

applie I'efd, also neasured i n anperes per neter.

their sufip0&6 Anabrgous sintaing mecdseassiat be ustdinfoemshepebinstal articles from
. xhi bi od... i nherent eti g susc I bidity, In

it R} Piche PGiRarch RO HE erd PR ST RERI iy aestt shapo from

the diffesispntdatdd thim merm preduces Ubteipteftidr tegardiai ghapd, he., whether

. arb har den sur faces produced when austenitic ,
in the §t Gl paddy Bty G PRuR R Tee Aithg. Pudbpiotfvts agg wniaue
becaus€ il Grd Alatie GRS héW eldidriss BtHré@vidienRewal ur e
carburized do. Accordingly, when a "thin" workpiece
Magnetic Sdeeftifilian austenitic stainless steel or other netal
having a face centered cubic lattice structure is |ow

[0034] UVeiperafddtie Coff Her tER OnethN @roduldisn of RERUUREnRHE 3rH®dmade from

exhi bits s%egni ficant magnetic susceptibility since its

austenifie SR eehdpelyting sbacdrapipbaditlesanadeghy Fipteing masses of such

thin mBQT Ph&tuce, ik lthaCiHel T &HBS Signifitahl nadAtB: Wa¥oepBbARAPE Magnetic
metal article made froma sintered mass of such a .
susceptifribiiude thadegeesc pf pawngication af so neieriddi s respgngef fe @nt applied
3 | P . s fl
magne SR SLSUSCERLHILL N rdliohe SUEGRIARG, RBEELARA ov e
symbol sX's{alyui feboaattediin thel kapeet by @ drtis), Bnddfined gsBe relationship
[ 0036] Although only a few enbodi nents of this
technol ogy have been d@glcet hgddabove, it should be
appreci ated that many nodifications can be made. Al
where such nodifications are intended to be included wthin

h e . . . ey
hgﬁtyréggygﬁg&?%ﬂ el gﬂéﬁw (e el biboiOuldfhcht Bl votume),
measured in amperes per meter, and

H is the applied field, also measured in amperes per meter.

[0035] Ferritic and martensitic stainless steels exhibif good, inherent magnetic
susceptibility. In contrast, austenitic stainless steels exhibit essentially no magnetic
susceptibility. However, the carbon hardened surfaces produced when austenitic stainless
steels and other metals having face centered cubic laftice structures are low temperature
carburized do. Accordingly, when a “thin” workpiece made from an austenitic stainless
steel or other metal having a face centered cubic lattice structure is low temperature
carburized, the “thin” product obtained exhibits significant magnetic susceptibility since its
carbon hardened surfaces represent a significant portion of its entire mass. In the same way,
a shaped metal article made from a sintered mass of such a product, as described above, also
exhibits significant magnetic susceptibility as a whole since the portion of its mass which

has been low temperature carburized is significant with respect to its entire mass.



10 d ains 1. The process conprising subjecting
a thin netal workpiece to a | ow tenperature
WO EBT5i al di f fusi on-based surface treat nenfCEgIS2007/016540
produce a thin nmetal product in which at |east one
property of the thin netal product, as a whole, is
enhanced by at |east 10% as conpared with an ot herw se
i dentical product not subjected to such surface
treat ment. 2. The process of claim1, wherein
the property being enhanced is at |east one of
S [ [ r :
[0036] gﬁgg{gﬁcéwé @Wee]fﬁ: RH&%% of‘r{iéfg té@:&%i&eg%ﬁdg'e%eg% gt@alf.‘cg%b'ad above, it
should lsmspmptﬂabidl uhaymany modifigatioik ecapriecmede.ofAlhsyclommdafications are

1ntendcc§ lo Bg b‘ffﬁ (gzldg\%lt{cx ngEOI\FAﬁmTS{ﬁI ﬂltsgl%s&rgl whﬂ%t$ to\%rlgg et«gcg Snly by

the foll®fingRryaiwee of the preceding clainms, wherein the net al
wor kpi ece is a wire, powder, platelet, other
particul ate or foil. 5. The process of any one
of the preceding clains, wherein the | ow tenperature
di ffusi on-based surface treatnent is |ow tenperature

carburization. 6. The process of any one of the
precedi ng clains wherein the netal is an iron-,
ni ckel -, cobal t-based or manganese- based al |l oy.

7. The process of claim®6, wherein the netal is
stainl ess steel.



8. Athin netal product produced by subjecting a thin
nmetal workpiece to a | ow tenperature diffusion-based
surface treatnment, the thin netal product as a whole
exhibiting at | east one property which is enhanced by
at |east 10% as conpared W tjf an otherw se identica
product not subjected to such surface treatnent.

9. The thin netal product of claim8, wherein the thin
Chetal product is produced by subjecting a thin metal
wor kpi ece_made froman.iro - or cgbalt based

or manganE¥erBHSEHSE? Stu@e?tﬁw %tgwrjg?tgltw piece to a low

tefeRUTE ZAIAR diffusion-baded: sulh@ ddtReniRy @bd@fe%d%ﬁ%tmé@él product
claim9, wherein the thin nmetal product has a gle

ing bighh gt lPrsaend sersrty 10 0% hinaaetelrpredish aan whipkeisvenBanced by at
LYl t .
b Tt B 2orBaRaEh AREHRL REPAG BRIl SRR LR surtuce
trebumptntl ity in terns of elongation at fracture of at
| eas 200 The tal product f an
cl ai Tng piadesweﬁﬁ AR TR A B%a%@achgs gt least
mvmﬁfdm,ss yield shidngth SfaRederdNd itfdnth ?El@ﬁié%n‘ﬁt RiecliREMeRSance
a mass of " the thin metal product of cl aimlinto a

m&@§ﬁﬁ@8°§ﬁa@%$dﬁﬂ si ntering. 13. The shaped
| ]
artigle doi y su ect |1H%§EW’E HFJ&&%&?blﬁalﬂL{WEre&rtﬂggﬁﬁ mefhl

pr oduce i'ece ma
wbﬁQWpanemowM)OImmbkhhmmbmkcobalt based or

b d
o s S STRARSEesfof & p okl EBRE BN whereipythg st

wikplce k3 wib)@oailer, bhgldNitRerpatirlilay @deict 1s a powder.

5. The process of any one of the preceding claims, wherein the fow
temperature diffusion-based surface treatment is low temperature carburization.

6. The process of any one of the preceding claims wherein the metal is an
iron-, nickel-, cobalt-based or manganese-based alloy,

7. The process of claim 6, wherein the metal is stainless steel.

8. A thin metal product produced by subjecting a thin metal workpiece to a
fow temperature diffusion-based surface treatment, the thin metal product as a whole
exhibiting at least one property which is enhanced by at least 10% as compared with an
otherwise identical product not subjected to such surface treatment.

9. The thin metal product of claim 8, wherein the thin metal product is
produced by subjecting a thin metal workpiece made from an iron-, nickel- or cobalt-
based or manganese-based alloy to low temperature carburization.

10.  The thin metal product of claim 9, wherein the thin metal product has a
yield strength at least 100% greater than an otherwise identical product not subjected to
low temperature carburization, the thin metal product exhibiting a ductility in terms of

elongation at fracture of at least 20%.



15. A process for formng a shaped neal article by
powder netal lurgy techniques in which a nass of
netallic particles is formed into a desired shape,
optionally conpacted into a desired density and heated
to cause the particles to nght and fuse to one anot her
at their surfaces, CHARACTERI ZED I N THAT the netallic
particles are made froman iron-, nickel-, cobalt- or
manganes efizab@nabll ppyduchattanhage beamns o €01 elertia thowvin
tepperature carburization in an anmount sufficient to
m@ﬁﬂ&ﬁé@i&iaP@% - one of the hardness, yield strength,
ul timate A engleh 8riRld#0dRd b kcﬁ‘t?ﬁdgca 1Inhfﬁlotf“ th€ hﬁl? FnUa‘P Bloduct of
resi stance and magnetic susceptibility of the alloy by
damliéﬁ@ﬂdm@w@shmwandmemnmge thin netal product of

clal ‘ i S _ o
car b uri z e’nﬂesag r?etFC 541(!(1)%1 pr gj] 8% {n trﬂrggjén {‘nfégﬁplé) qued fgproduced
bBAMjseng ethis treiahvesdgict aelle faw mgran- tidkekne ssbadfbaabbot

rons and bein oduced by subjecting a
mfupﬁaﬁeﬁs;é}aé?cf%l@y |10 {98 § eW?‘Bi‘r%@Bé‘f‘tﬁaEm&ar%url zJat i on

Wi t hput  fofemBtpeanc@ie 2R 2 RF €3 Widah as, thf‘hhﬁtdf product is a
carburized thin nmetal foil product as a whol e having a

PYYdrd strength at |east 10% greater than an ot herwi se

| dentq cal , gn&:ﬂsarfat Al m{ g'al silﬂ%‘d n%épﬁ ﬁglteiTog’ é}%&dkﬂ%t&l lur, gy

tenperature carburiza
teploghes tn whick laanass dbmetahiepeiticlds eforheédinned ddsirabsliepe.epeonally

I S _apqut 24 t.o .80 mi crqgns thjck. .18. The thin
e g et o Bt lsariia s metR 1 gt A Mse o one
Bl pi @6ie s facBR AR AR QOTBRIARISIN 31:&1){11(,314@51111@ F(ﬁtl@lbmil@%%dc

st eel 19. The thin netal product of aim 16

froien dion-» i el Hiohalfrer Abangicrp besed alley tﬁﬁfd@sm%muawcw &1 low
te%@raﬁﬁe g’é‘r@ﬁnﬁhgﬁ M (ﬁl‘hgﬁjlf ficidfl to ent 1apce .8 ﬁ(l)easl-ml% otfli“erhat dness,

met al product al'm 19, wher el n
yinlgrskph@le.el fraste aenyllei;tcbngﬂlr elngicHinat, cleeashl :t@@%c@raedmmgmuc
product not subjected to

S$w$f@ﬁ%¥%h§fﬂvb’€5¥ %gtg%ﬁlon 21. The thin

met al6. pr UHMthGﬁet@pa(deﬂcQ& clhes, eitarelih@e tklh Mef@hadduct is a
m&g piece has a yield strength at | east. 200% gr eat er
C@tl‘ He
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of elongation at fracture of at |east
to low temperature carburization without formation of carbide precipitates, the carburized

thin metal foil product as a whole having a yield strength at least 10% greater than an
otherwise identical thin metal foil not subjected to low temperature carburization.

17. The thin metal product of claim 16, wherein the thin metal workpiece is
about 24 to 80 microns thick.

18.  The thin metal product of claim 17, wherein the thin metal workpiece is
made from an AISI 316 or 3161 stainless steel.

19, The thin metal product of claim 16, wherein the thin metal workpiece is

made from an AISI 316 or 316L stainless steel.



22. The thin netal product of claim16, wherein the

thin nmetal workpiece has a yield strength at | east

100% greater than an otherw se identical product not
subjected to | ow tenperature carburization. 23.
The thin nmetal product of chaim 22, wherein the thin

nmet al wor kpi ece has a yield strength at | east 200%
greater than an otherw se identical product not

subj ¥t edltteahinowtslgmpiicasfini@mcldy bleteinahé Gin med! workpiece has

a P/lggit sttreg%tg/ Irgzast?()é'% hedle?-:ﬁlgi%?aﬁfo:q%ﬂ%gtgr(febg%ﬁ%}ﬁu%;nogtngﬁjqﬁed to
108 tepetRirdcdrngizkiién) metal product is a
surface-npdified thin netal foil Froduct made from an

i ronl  ni diedhin reftal gwesiict ofisdried Oapherginhe ihigmatal workpiece has
a 9@1%{%@% aP fea @000, o101 O A ortﬂc%g Rcffl lpr%'d[?& not subjectcd to

pr oduced ysu1ect|ngath|nrrea fol

lopelaperatir euburizeret andisaductlifyfio iron obeseghtisunf féwau e of at least
dopeatment wi thout formation of new conpounds in

separate phases, the surface-nodified thin netal foil

pr odiict &kheahinwhodtal phaduicng ddiml IGasheeahPropeetayworkpicce has
ect ed from¥| el d strength, ultimate tensile
t

a %‘F éﬂ@%ﬁ aplead i P&ojgrepfer tha@laé@t“‘rei‘ e 14@@%%%4@@ nghgpbiected to

lobBEMeEhGrsUsGERLid. | ity which is enhanced by at |east
10% as conpared with an otherw se identical thin netal

f oi 123not Helhiagnasal pu@ﬂustl@hlfllmvmt ehpenghethén metal workpiece has

T

lotvhemperetuad ca\t\lmn‘&ml@ﬁz&ldl anuabh)tbjtm 24mt of 8Ongution enactilte eKat least
@ The thin nmetal product of claim 24, wherein the
/i n netal wor kpi ece is made from (a) a stainless

st eel4, selpgtigd nﬁertélgi’l -Fdus 013@&11111 83%6163%@ tl?f@%etdflg kllqydug’t]:s? &
317L, 321, 347

sugfaee- i figd Odn stes MIb@@d@ﬂ @@Idg fm(nb@n leplm 1n¢4@|1 -dmag@dt based alloy
ha3 il % dchl%ﬁl%}%gg@g?(y%%g )}m l na6 eﬁx&a@{o%@é@?é?fibji%m%% thin
melai foil to a low temperature interstitial dlffu,swn based surface treatment without
formation of new compounds in separate phases, the surface-modified thin metal foil
product as a whole having at least one property selected from yield strength, ultimate
tensile strength, elastic limit, electrical resistance and magnetic susceptibility which is
enhanced by at least 10% as compared with an otherwise identical thin metal foil not
subjected to such low temperature interstitial diffusion based surface treatment.
25, The thin metal product of claim 24, wherein the thin metal workpiece is
about 24 to 80 microns thick.
26, The thin metal product of claim 24, wherein the thin metal workpiece is
made from
(a) a stainless steel selected from AISY 301, 303, 304, 309, 310, 317, 3171, 321, 347,
CF8M, CF3M, 2545SMO, A286, AL6XN, 410, 416 and 440C stainless steels,
(b) a nickel-based selected from Alloy 600, Alloy 625, Alloy 825, Alloy C-22, Alloy
C-276, Alloy 20 Cb and Alloy 718,



(c) a cobalt-based alloy selected from MP35N and

Bi odur CMM and (d) a manganese-based al | oy sel ected
fromAISI 201, ASI 203EZ and B odur 108. 27.
The thin metal product of claimof claim26, wherein
the thin nmetal workpiece isjgbout 24 to 80 microns

t hi ck. 28. The shaped article of claim12,
wherein the shaped article is a shaped article nmade
(chr om evbalithsseeinillpy sclsttal fnbre MPFieald RioddUSdN, byd f or mi ng

f b d t.al i nt S h
S G S T i SR el e T
t b | t 1 t h th
oty cal LR AT R e Lt T R 20nRES B M b
wbﬁk@[ﬂcéi‘s&ibomb SPAVIEtehs Wikch has not been carburi zed,
the carburized netal powder being nmade by subjecting

met ajg po"‘ﬂ%rshﬁi?éé%t #4106 @mnﬂmtz\%uﬁ e §1§a?ladi‘£:%%§ i$h 88bed
and havi ng a thickness of about mcrons to

allﬂé\ﬁ/lmaélﬁé@ﬁmalm@teéamwrlhzsatsieglrplmktCh@ bit’ froveat inesy adfcarburized
mEa| péxgcfer &G 'dQéilteatsﬁa%e and sintering, the shaped article having a magnetic

susceptibility at least 10% greater than an otherwise identical shaped article made from a
mass of otherwise identical metal powder which has not been carburized,

the carburized metal powder being made by subjecting metal powder made from
an austenitic stainless stee! and having a thickness of about 10 to 250 microns to fow

temperature carburization without formatton of carbide precipitates.



