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[0003] Carbide precipitates 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 y, 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.



1 WD 2008/ 013765 PCT/ US2007/ 016540 [0005] This

technique, which is referred to a "l ow tenperature
w@a00Bti7geat i on, " is described in a nunber of PCT/US2007/016540

publications including U S. 5,556,483, U S. 5,593,510,

US. 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.
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past. jnvention also provides a't h| n nmetal product produced
by subjecting a thin nmetal workpiece to a | ow
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. roduced by fo a, mass of the thin metal product
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r| ption of the 10]. The resent
[0008] iﬁ@@%{%ﬁ el VBRI 9RA1ER P%’é(g tﬁ%d@#@f%&%wp fesddcRbiecting
a thin hRtdl ReolthRAMLNBSa low 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,

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:

[0011] 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
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Tenperature Carburization [0012] As indicated above,

the primary focus of this invention is on the |ow

tenperature car gurl zat on of iron-, nickel- Feéﬁglastandard
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prec1p1twe§’kmld3d>esmdbﬂmd tor mahmd\mhnﬁtaﬁmmaMn 'of dlse types randi amounts of
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out in tg@ Re@Btwal ?Q AoRd i1t ﬂ{ebpi’stlsﬂtdshe progidedi @@@rﬁzeﬁ%ﬁﬂ:@&ces whose
ecreases rroma nmaxi nmumat or v ear, t OUt er
treated s4fFACEE BT OfaSE heontay UpYdekangws 05 éwegmm AT, Ebout 2-

15 atonkid¥ Chiok typieal 524N SCONGRALIE 3h i@ RevER I T8 atohdit %e"Beanse low
untreated nmetal fromwhich the workpiece i s nade

temperaferecregiization ih apfifiksigntbased pragess; the cqaeptrpiion 0% carbon in the
workpléé@%eéiﬁf’agg HedrBiles HOLE L SNEEMLR & FIEROHAE %&REfrﬁédt @ﬂrf@cfe of the

2-15 atomc % neans that thi's is the carb 5
workpl@@rdmm tozan epvilkbriun vadue (itieh ohR sPdORFOBEFTERbON lwﬂtlﬁh native”

or untrég%;c? mc(f&lnggﬁllt V\% ﬂ'her Hokik1eeeOlsf mtage)t fie a@(%i‘ﬂﬁﬂck%r WHH! Fick’s law.

ue at depth can be as little as 5 p. from
Thus, it will be understood that reference to a carbon concentration of about 2-15 atomic %

means that this is the carbon concentration at or near the workpieces surface, with this
concentration falling off to the equilibrium value at depth which can be as little as 5 u from
the workpiece’s outer surface, but is more typically on the order of 20-50 p from the
workpiece’s outer surface. Greater depths of diffused carbon, e.g., as deep as 75 | or even

100 p are possible, however.
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.
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on the order of 20-50 fromthe workpiece's outer
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O her Low Tenperature Diffusion-Based Surface
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new coﬁlpbﬁﬁ@eeﬁl separfatd plids¥€! VExah@ied @N-E afi ttidese bplrﬁﬂrmsmiurd and/or
lutions with the nmetal, atons therein wtho
nickel basefteal [ GprboridiRgnes RIS FTHOBEHA radeon pwa%%lsbased alloys, and

nlmdlngéQWrﬁ%L%le&' gﬁoﬁi 8 hethB @ Rfv. | TR comtEnMHcHMIBBH{REe processes
ni ckel based al l oys, carbo-nitriding of iron, chrom um

will begrediersed e @@@pctmdts aflpwygmmuren;m@rﬁ@qlq{gdl(gﬁxsmn based surface

uemnw51ban|un}based all oys, to nane a few. For conveni ence,
[ of these processes wll be referred to

t red 1
. [0017] g?# %&9 1o e}ﬁgggﬁ et FARL AR R-BAEES Fﬁ%élé7t‘;il‘ézﬂnlents can be used

usi on sur ace treatnents.
in accotdnnce eviffe the pregentringendiont | Fhatgist tbuxlyonadpaskthese l¢w demperature

interstitﬂlmgﬁ-%agé’ﬁnsupﬁcy #E8%ments can be applied to thin metal workpieces using

the technology of this invention to make new products with greater concentrations of the

diffused atoms and better properties than available in the past.

Alloys

[0018] The present invention will normally be carried on workpieces made from iron or

" nickel-based alloys. Such materials are well known and described for 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
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thin metal workpieces using the technology of this
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concentrations of the diffused atons and better

properties than available in the past. Alloys [00181

The present invention will normally be carried on

wor kpi eces made fromiron or nickel-based all oys.

aust 308, 3y B4, 18T T 3 U i Kb, CETo T3, 2545MO,

A286 abld SALBXMERtaiMess 6tdeB3, 3QG obl.this Reitep! the. 1nv&xtﬁﬁ7hf8880t been
EPO 0787817 and Japanese Pat ent Docunent 9-1

successfullyprpcticed s 44y semesostapless steplsyvhichyis W@V%ﬁ% d}“ﬁf% thesfact that
approprithé dh8Rlons ﬁﬁpasﬁaaélwmfgt el SteePRhabRpAAtISn t Hr5@w temperature
preferably 10°to 40, wt.% N . Preferred allqz
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|
steels ak{ @sflp%{n&ﬁ&’ Al ARe A%fof}' 416%%33 pec?ezizﬁ)cl SN @éég&l&hﬁterest

300" seri'es steels nt er est
[0020] ?%%6%33@%1%2%&521@9}74 bt OcanPlpel 13@1 1er§%%atu§94carbunzed in
309, 310, 316, 316L, 317, 317L, 321, 34 3M
accordaagmsm thisApgentigndnalugxXpM Loy 509, éélswyﬁi’éelAéloy/@Sof\llpmGs22 Alloy
[ S, successful |
C-276, )g'rllo&t 0%Ch, OnAJllg\d’e/riE QRS RO} {éﬁﬁﬁ y

seties stalnless s eels, which is

(0021] Bf2GBHRR MGrdi LIE nidgl-plda! AARDTOR! e @Rl chibdBiBation in

epassi vating the stee repar at
accordaneerpeﬂ)aﬂm meesent itpigntigm camAlsh aweprmtce;ie:tn tobait-based alloys as well

L1:499 ies.stain
ss manFL S Bol O C AR /Rl Pl BRI AR AP anc
Biodur 4211 awhﬂalaampﬂessoﬁemfhl mmga&reee;basemﬂ&@ils iRakuide cCAISAr201; AISI

d all oys which can be | ow tenperature
203EZ€‘3§§ §1 n accordance with this invention include

f0022] %hwén?c"?%@wazgy%ﬁﬁ e P prisestes Hafreomiap it the present

inventi@X ARl @PorthR03d thel ifv@didintdaf betRadticed onahétalRi k@l phasedructure
al l oys, low tenperature carburization in,  accordance

including, 0§ heotor BRERL  fohy @HEIPRIF, c &Filf s Paptempitacdipley gpctals (e-g-

austemféﬁi@ﬁit&) Rased alloys as well as nmanganese-based
| oys. Exanpl es of such cobalt-based alloys include

Thin wo,liéf,;’&:léls ahd prBuadr COW whil e exanpl es of such
manganese- based al l oys include AISI 201; AISI 203EZ

[0023] ¥NAc&irashte WaE. the present invention, a low temperature interstitial diffusion-

based surface treatment is carried out on a “thin” workpiece to produce a “thin” surface-

treated product.

[0024] A workpiece that has been subjected to a low temperature interstitial diffusion-based
surface treatment can be considered as having an internal core surrounded 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 p to
about 40 p 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.



[0022] The particul ar phase of the netal being

processed in accordance with the present invention is
wapispm7eant, as the invention can be practi ceBCDIS2007/016540

netal s of any phase structure including, but not

limted to, austenite, ferrite, martensite, duplex

netals (e.g., austenite/ferrite), etc. Thin

Wor kpi eces and Products [00231 In accordance with the

present invention, a |ow tenperature interstitial

diffusi on- based surface treat rrent Is carried out on a

“"thin" .workpi e to "thin" surface- treate
10025] 1} BB o WPl o0 o e RRlgre BRBEDERretehis very
thin, n@nlafiy mempem&rwfa).ometcso Ol iiadh thidk (<. mEthae 28 mm; ~10 to ~250
surface treat t C e consj der as havi ng an
. mofe Py b 0 oo iR ek &7 Fo fr0 Bl eis et ~75 . At
these s‘ﬁiﬂllf *0ekEce’ Gasitnossdd RAsd MAckdt:E bebbhbalsighififditi Rhtive to core
eatnent is |ow tenperature carburization, this

thlckneé%‘rtb(a Fgsuk d’fﬂhlﬁléé%tw the propertics pf thet warkpirsrastawhole are indeed
1nﬂuen9&pbl]‘ R cAROUTHED 1tgist;52)ssﬁp:°% afrlalle W} rlhé%resfeﬁpmventxon to

t he out er npst surface though reater ept ar e
producmg\gurw@'lals B@‘dag@eonemuzs npd previysthseen befareenel y t hin

npared with the overall thickness of the workpiece,
[0026] tTFi\eS iaillustistpdin tthe &g ilnaskd veliskshowk Ithe afressésrair eclationships

exhlblt%ﬁlttduse bérsofctﬂ ﬁ?ﬁ@f ?fhagtbl\ﬁ?ess Fﬂbﬂtser S(%2 (ta% 04%% ~50 n)

W|tha It1on anounts o
thick whiglbhave Bendoweeniperatttescarlnaived dx gproducea Yibin cemfake-treated foil

t f.th r k
productll §6iquifhet G EROTHRER iBREREL BBy OReb s ® G5 agure, the
untreatéch fatprataned by Clrvehe réeashiadits elastidinsy g a sti‘d‘};e of about 300 MPa
(megeBAREH, J6 BogiFas tebBleiEsirag Sehnveds kb (hopRen fniaprisg, which
are repbtented Gyt ﬁm{v§5ﬁkdi}d, rééfgzggcﬁ Wﬁﬂh&tkz Hxl%@tﬁ;ué@itl QRKL aplied stress was
ick (- -
sbout RBP IR WBWEF‘% adopr iR Héfggaég in G1edd Stk g ety being

substarRRAYBRidd Mhdrbis@ RhowBlgathial thes® tiefed ol afrlé rb%%&deltabﬁy different
result of which iIs that the properties of

mateﬂ%frm the antsatgd fils fEomvehich they gvere ﬁTaIdQenced by t he
Thus it is possible, in accordance wth the
[0027] pr“és@ﬁtcaFQﬁlv@?ﬂVﬁo the tV@rkmma wreecertd hathe prassnhipyemigen are thin,

normallﬁlf PH hd bffer R20. (tﬁtL(ﬁtVéo%' %h Ypcif ?H‘clPF V\(ﬁé? to 8336 rlnrrg Ni% 165~250 ),

ustrated in i ch shows
more ts'plpéléls/abputaprﬁ)oﬂe¢0a9+0@asmplp§h105xﬂ~dom2t4 toy ~8.-O8uminayr ~2F to ~75 p).

Howev?%,é.{rcg%gﬁtrﬁqﬁ%{s%rg;%{s op ke tﬁﬁ:ﬁnésts%% ais%i l&espIQmQ&gd iif:]desired. What

is important is that these workpieces are thin enough, and the low temperature diffusion-
based surface treatment carried out long enough, so that the case produced by this surface
treatment impart§ a not-insignificant change (i.e. =10%) to at least one property of the
product as a whole as compared with an otherwise identical workpiece from which it is

made.

[0028] So in the context of this disclosure, “thin” in relation to a workpiece which is
subjected to a low temperature interstitial diffusion surface treatment will be understood to
mean a thickness which is small enough so that at least one property of the product
produced by the treatment is enhanced by at least 10% as compared with an otherwise

identical product made without the surface treatment.
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produce a "thin" surface-treated foil product in
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fromthis figure, the untreated foil represented by
Curve A reached its elastic Iimt at a stress of about
300 MPa (negaPascals). In contrast the foils treated
in accordance with the present invention, which are
represented by Curve B, did not reach their elastic
Iinits until the applied stress was about 1200 Mra.

is represents _a four-fold increase,in yleld stren

th
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ferent materials fromthe untreated foils from
ShapesaWﬁltmeSﬁ@}ewere made. [0027] As indicated above, the

wor kpi eces processed by the present invention are
Property Enhancememtsnal | y on the order of 0.0004 to 0.01 inch

thick (-0.01 to -0.25 nmm -10 to -250 ), nore
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hardnessol aeeldestren\gﬂatultlmtq tepsile atrength, elaatic tlmléeelmph easiséance and
re thin 0 f
magnet 5k PURNBI0 Ao R O RRIRNL & L hling o e
one of tthak pf@eﬁmebpradma{aed ltﬁ)%t fit ssh&ddfh@eapptercwatdrehhat far greater

' t ]
T e L U
as 20%,Cm%§ﬂ6% VB(I%L ng(?j?/é)pﬂh%é\éﬁé)%g 9@e ndri ©ah W/k,ptwmllbr{] it to 60%.
|
Stmitarly; ieksgispith inPRpTPs by ATl POFb S0 py e SE0%4 i 500%

are possthiB] EPb8dsiERifRant®yY theRPRhRkkdbEe eiiaiceinehl adn Hd: faf:llﬁﬁvm without
surface treatnment wi|l be understood to

significan redustion impihehpioperien SHChedstidiey SEF-1 454 PTQP“‘F% &&“"Bn e
operty of the product roduced by ¢ r eat .
100311 Bringnchithay ilusceiedom SoFEs. do R o ANar: dhichs LS low

' ; B} s tn@aheE Bheti 1
coper iS5 B AU W s oo PA6ACH, Bphem i uns

they ruptweadt as elongation of abeyt RPYecrranoren \ghanghdhis elensatipp at rupture is
not as %g%;\igl%stﬂgt ?{1}1 1]|'t]el,dsb§/ Weeﬂﬁﬂrﬂa@ed RalsUsteChRle! £ (al¥bdteS% elcl)ngatlon at

ets’ and ot particul ates, for exa
rupture)Ctihes fas herpater dhan slhat 0ot dlys icbheentipnakie roesbusized n@@ﬁe@bgut 5%

elongation at rupture), represented by Curve C. Thus the present invention not only
achieves a substantial increase in yield strength, electrical resistance and corrosion

resistance, but also does so without substantial sacrifice in ductility.
Sintered Articles

[0032] In accordance with another feature of this invention, shaped metal articles are made
by sintering processes using masses of the diffusion-treated thin metal products of this
invention as their raw materials. Powder metallurgy techniques.for forming shaped metal
articles are well known, and any such technique can be used to form shaped metal articles
from the diffusion-treated powders, platelets and other particulate thin products of this
invention. Analogous sintering processes can also be used to form the thin metal foil

products of this invention into shaped articles.



[ 0030] Various different nechanical, electrical and
magneti c properties of thin netal workpieces can be
wendvaneses by this invention. Exanpl es incl ude, POIUSBEDE016540
not limted to hardness, yield strength, ultimate
tensile strength, elastic limt, electrical resistance
and nmagnetic susceptibility. Mdreover, while the
above disclosure refers to enhancing at | east one of
these properties by at least 10% it should be
appreci ated that far greater enhancenents are
ossi bl e. For exanple, electri.cal. resistance n_be. .
[0033]  Such sinicHie BiPosseniNRicalydnyRlys foTuns Aguets shaealisparsislys into 2
desired Gh%pe,90PrionalBy @OmbAO g tthPiads Yo 188¢irea 8&MKity (with respect to

Simlarly, yield strength increases by as ch as
theoretionopd betsing BogmSS40 RS e RRER ISpBuAel; A BEE g pge another at

their surMteh. KhABESICaMtENg pFdeBsies EANEE iRl t6 ol shgRIRMdtalCRicles from
be achi eved withou signi ficant reduction in other

foils. Thesspwemmq RipcessehcaLle redity fomn ghapedaarticlss € pny desired shape from
the dlffl.{[%l{s &Ezlateg i ﬁ;rlls\tfnzlméﬁdislﬁtg \?g rﬂ%lE gﬁvﬁlgﬁﬁg%alﬁgﬁlgsoevpsﬁaﬁi@, ie., whe.ther
in the forampé pamden Matelstrothercparicwateowdrenerefoil t Hhuchipsoducts are unique

becauseirtﬂérgf%%iel'gghaet FYR R wAnalATRI3E reg%.%}’ %b%ir I they

an el ongation o nor e.

A .this elongation at rupture is not as great
Mag“"““é‘é“?ﬁﬁ?“é hibited by the untreated foils of Curve A
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austenit{cadiginiess Steeks| orhating shaped rr_\qmllm’éc)lps megde dyesintedngmasses of such

. rve ,.C.. Thu resent .i nwent.i on n | . j ev .
win mEl ey %o e LG o1 pMERl Bhehile, St R o) Shbgneri
susceptibéifty sisatire dagide cafl magheiratioe sofSt amaeriabuk @bsmsd desars applied

ut su%stantuﬁl sacrifice in,ducti
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magnetlgy fifl} 6] GUIRT eSS RO BRE0Fh 5P HRN o cHPIEge. by the
" symbolt NrSalsh VEbited RRAPBRAtElHy @bt kg,lfig t%lﬁ%ﬁ@d BRER rel¥ionship

sintering processes using nasses 0
di ffusion-treated thiane;@# oducts of this
invention as their raMInate’?ng. Powder netal |l urgy
where techniques -for form ng shaped netal articles are

wel | known, and such chni que. can be used to for

Misdhe dasBeigatn ol Siedateripkiic Ragortis BpIg e pell sy ual volume),
powd gieasuriet &h @inpbfes pefimetehamdparti cul ate thin products
of this _invention. Anal ggous sintering processes can

Hgis $he aplisddipld. l9odnstirrd IRRMPSRSRE M product s of

this invention into shaped articles.. 7 WD % 08/.013765 .
[0035] Perritigsoasisly/ prpgigngitic  stal less steels exhibit 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 lattice 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.



[ 00331 Such sintering processes typically involve
formng a mass of netallic particles into a desired

W@ b@p®1376pti onal | y conpacting the mass to desi PErUS2007/016540
density (with respect to theoretical) and heating the
mass to cause the particles to nelt and fuse to one
another at their surfaces. Anal ogous sintering
processes can be used to form shaped netal articles
from foils. These sane processes can be used to form
shaped articles of any desired shape from the

fusi op-treated thin netal rd cts.of this . .
00361 Alinguik Bl + G54 eaodng® o e RoRialSES hfs hewdgspripsabove, it
should bfeoiﬁﬁk&ﬁatg@\ﬂ‘i’eﬁrma@} fodifedationd Bat bpahddes ulAdk suchwinbéifieations are
foil. Such products are unjgue _because the 3
intendedftp i lﬁéwdﬁﬁtwhlalt%e BRape S dbis slisalgsugs, otipch %é‘hg? fla‘:mte only by
@%ﬁf ility [00341 Another feature of the thin
ﬂWfbnowetéﬁg%é%ducts of this invention when nade from
austenitic stainless steels, including shaped netal
articles made by sintering masses of such thin netal
products, is that they exhibit significant magnetic
susceptibility. Magnetic susceptibility is the degree
of magnetization of a material in response to an
applied magnetic field. The di nensionl ess vol une
magneti c susceptibility, represented by the synbol Xv
(al so represented in the literature by x or K), is
defined by the relationship M=x,H where Mis the
magneti zation of the material (the magnetic dipole
nmonent per unit volune), neasured in anperes per
nmeter, and His the applied field, also neasured in
anperes per neter. [00351 Ferritic and martensitic
stai nl ess steels exhibit 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
netal s having face centered cubic lattice structures
are | ow tenperature carburized do. Accordingly, when
a "thin" workpiece made from an austenitic stainless
steel or other netal having a face centered cubic
|attice structure is |low tenperature carburized, the
"thin" product obtained exhibits significant magnetic
susceptibility since its carbon hardened surfaces
represent a significant portion of its entire mass. In
the sane way,



a shaped netal article nmade froma sintered nmass of
such a product, as descri bed above, also exhibits
wa@e@nioiizeant nagnetic susceptibility as a whol BCHURE7/016540
the portion of its mass which has been | ow
tenperature carburized is significant with respect to
its entire mass. 8 WD 2008/ 013765 PCT/ US2007/ 016540
[ 00361 Although only a few enbodi nents of this
technol ogy have been descri bed above, it should be
Claims: appreci ated that many nodifications can be made. Al
such nodifications are intended to be included within
L. t he Beopguoesss t pRmPEsiag| sshieatingwhai ¢hini snetal beodkpivctetb a low
ot Al lL.aw [ 2008/ 013765 .
temperatu e P BB S o B S Bl et roduet in
which at lsagbjoee propgria afttherthie tradtal\woodmit,eca whola, isanhanced by at least 10%
' sur f.ace

j. dtial  diff - d
o compal SR8 50 S AL S AU S e

| ea 0 r ty .of the thin netal .product, .as a
2 uhor EhERSe R RSl 1 ioiehin M frofy bl Bhtiiceads it gy more of
a mechanizal pbhertyjianeléctiéeul ipesertyrand uthagietic pubpeest ed to such
surface treatnment. 2. The process of claim1l, wherein

3.t he Preopertsg dfelann Zwissreiadhé propecty BeidgDdithadted R at least one of

nmechani cal. property n el ectrical, property and a .
hardness, THEI0E M, DR anslpn Sreats, dotis? iafla) scsioalmsistance and
magnetic fuseemidigt t y bei ng enhanced is at |east one of

hardness, yield strength, ultimate tensile strength,

4. el asThecprobds tof cRAMCH, FHeadin HIRSThEt BIREE wBIRpicbRBMOLE0.01 to 0.25
susceptibility. 4. The process of claim1, wherein the
thin netal workpiece is about 0.01, to 0.25 nmthick.

5. 'Qg% Brocess of .claim4, wherein the netal workpiece

5-is aif PRcesHRbsiaim B arheren theimete! prarkpiege ds e ovire, powder,

platelet, ofiek bartRulaldisr fp10cess of claim 1, wherein the | ow
tenperature di ffusion-based surface treatnent is |ow

6. ENPEArotEssCHl dMihd 22WineRin the IBREIRIREATS &aff{ugio%i-ﬁﬂséd surface
wherein the metal is an iron-, nickel-, cobalt-Dbased
treatment g3 low temperature carburization.

min thick

7. The process of claim 6, wherein the metal is an iron-, nickel-, cobalt-based or

manganese-based alloy.
8. The process of claim 1, wherein the metal is stainless steel.

9. A thin metal product produced by subjecting a thin metal workpiece to a low
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.

10. The thin metal product of claim 9, 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.

11. The thin metal product of claim 10, 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%.
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manganese- based alloy. S. The process of claim1,
wherein the nmetal is stainless steel. 9. Athin netal
w@e@doci7epr oduced by subjecting a thin netal WeCRPE®OB016540
to a low 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 with an otherw se identica
product not subjected to such surface treatnent.
The , e
12,05 b T s BRAMELL By ALBh fmiRReCud %ﬂ?aﬁf’éi!”*g“““ of
cﬂﬁnlllmmwkﬂesmﬁshmuemﬁinmwanglron- ni ckel - or cobalt-based
or manganese-based alloy to | ow tenperature
13car biliné geipedarticld of alhen tlﬁl whmrathepthudmotal pfoduchismreduced by

. t duct
s %55 eGP U A AE 58 Y e RS-

based all@df odueitetnpératind pﬁbtlﬁﬂattdm. |l ow tenperature
carburization, the thin nmetal product exhibiting a
ductility in terns of elongation at fracture of at
| east 20% 10 WD 2008/ 013765 PCT/ US2007/ 016540 12. A
shaped article produced by formng a mass of the thin
metal product of <claim1ll into a desired shape and
sintering. 13. The shaped article of claim 12, wherein
the thin nmetal product is produced by subjecting a
thin nmetal workpiece made froman iron-, nickel- or
cobal t - based or manganese- based alloy to | ow
tenperature carburization. 11
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