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WO 2005/067469 PCT/US2004/036589 METHOD FOR CARBURIZING
STEEL COMPONENT'S 5 CROSS REFERENCE TO RELATED
APPLICATIONS The present application claims the benefit of United

WO éYisional Application No. 60/531,831 filed DecemBeF/23260%58¢

This United States Provisional Application is entitted METHOD FOR
CARBURIZING STEEL 10 COMPONENTS and is incorporated herein by
reference. BACKGROUND OF THE INVENTION The present invention
relates ge MEATHGDAEIBCESRBUBIAING SH RISt OV EBERGRENt to
increase the surface hardness of the material. More particularly, in one
form the present inventive process includes electroless nickel plating the
outer surface of a martensmc stalnless steel com onent r|or to vacuum

carburizing. Altke PEISE £ 2S-0e et processing
components formed of stalnless steel certaln a pllcatlons extend outside
of this fith. PesRtARPHELSR Al f g ated I aisIdRERe there

I%@f@ﬁﬂaﬂdﬁﬁﬁd wo/medity mﬂe@@aeméms majsrlalmu isnwvedl segagnized

t carbun IS @ process sujt

AT tobir eom M R R RN S
c@ﬁmm&hﬁ‘@lﬂnénmmpmmﬁtmblyuﬁmm process or a vacuum
carburization process. In the vacuum carburization process, 25 the
component is heated to an eIevated tem :)erature within a carburizing
furnace, and a caliAfiZidgitfat e dMHEMBIEAYironment so that
carbon atoms are diffused into the surface and sub-surface of the steel
material. The carbon content in the surface and near sub-surface of the

componeift e dBYEH hiRdatRb SearsBl SonperraRidan cabiekiacot fiwsl
cesmpenentitemaiasthakerade Eﬁ&@@@b@@&erﬂﬁ%&ﬂf adnareppenent

o b BT EROSE R RS R O R R N BRA AT

sanfimes)fengieerstic stainless steel component prior to vacuum carburizing.

Although the present invention was developed for processing components formed
of stainless steel, certain applications extend outside of this field.

in the design and manufacture of steel components, there is often 2 need to
modify properties of the material. It is well recognized that carburizing is a
process suited for hardening the surface and sub-surface of the steel component.
Carburizing can be broadly considered as either an atmospheric carburization
process or a vacuum carburization process. In the vacuum carburization process,
the component is heated to an elevated temperature within a carburizing furnace,
and a carburizing gas is introdoced into the environment so that carbon atoms are
diffused into the surface and sub-surface of the steel material. The carbon content
in the surface and near sub-surface of the component is increased while the carbon
content within the core of the component remains vnaltered. The characteristics of
the component have thus been modified to provide a hardened outer surface
surrounding an interior core.

In response to the continued demand for new goods and services, engineers
and scientists are always seeking to enhance products through material selection

and/or process development. Stainless steel is widely utilized in many components
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and scientists are always seeking to enhance products through material
selection and/or process development. Stainless steel is widely utilized in
many components WO 2005/067469 PCT/US2004/036589 7 in a vast
Waree8F 86 ¥h8ducts. One stainless steel of interest is availabl@GRHERHHDI36589
tradename, Pyrowear 675. A known technique associated with carburizing
the Pyrowear 675 component is to oxidize the surface of the component
prior to exposure to the carburizing environment. The component is grit

blasteskenehplaceehSinamal fdrmsesaladempesatiyeafiioQrdgrabout

one hour to_form an r'#de on its surface. Upon the component bein
STBSEEERE 13 TGP ik BRVA FRTPARES FRSCBIMG S L SERB B AS es
tfiyabsarpiioreofrparkaniby thednatédaliace cathe taing-peavysithedime
and temperature that .e iiateriial is_suhjected to while in the, carburizi
B B Y el T 2 B ond P
hireth e Sprofifeatangoaehiticcrickd¥iftichrebottmehbodeetirpartionids on
th ja j i ! . rizai e
et sa b D Ui Shas R Gl e
sf%m@émﬁ SRIERSEdFraBges tbpiheradiprel b looireteipethture, and

then temperachagain: YVtBsieferenca s Figpd-iherenls Hustrated aprior
heat treat cycle for carburizing 15 and hardening the Pyrowear 675

PHARSATERARE T AR P P R P [ R G 4 R tiness
prafilesiar aueadbpiiz derPyewedl§ dacamponentihatumas: pracessadnadth
the heat treat cycle set forth in Fig. 1. ile there are many prior . .
o e B R AT BErE DB GHG FAE e B s
aldidifigreatce VE1d prareritinstiiseated himdentide ramcelad, tvisi@od erdiithe in
PLeRERHIVANIONRIOYiAES, DAV AN AAL-OBMIOLSMEANS B req again.
carbuﬁzing o R R S R e Béred agein
With reference to Fig. 1, there is illustrated a prior heat treat cycle for carburizing
and hardening the Pyrowear 675 material. Further, with reference to Fig, 2, there
is illustrated a hardness profile for a carburized Pyrowear 675 component that was
processed with the heat treat cycle set forth in Fig. 1.
While there are many prior processes for carburizing steel components,
there remains a need for additional development in this area, In furtherance of this
need, the present invention provides a novel and non-obvious means for

carburizing steel.



In accordance with a first aspect of the present invention, there is provided
a method of increasing the hardness of a steel object, comprising:
applying a nickel plating to at least a portion of a surface of the steel
object, said applying deposits the nickel plating a thickness within a range
of about 0.0005 inches to about 0.0025 inches; subjecting the steel object
to carburizing to allow carbon atoms té diffuse through the nickel plating
and form a case portion; removir%? the nickel plating from the steel object;
and heat treating the steEYdBibROEEr dald IRAMBNAEINd the case portion
having acharginresailal IBashRRG&0Or Qeeraeantetihpmeatbed Kfrovided
increasing the hardness of a steel object  includes the case portion having
@ WP SE TP EALE RIS o SR AP S b O E 80 FRERERS Bne
nivesianiidhe nethod pdrinssedsingrthe:hangoessphig&icehabipshimihe
pplying act includes an electroless, nickel process. One variant of the
d%m{%%ﬂ%b%@mw@mé&t%%%ﬁémﬁ&r?é)ﬁiﬁefd’&ééo
aHemovingstheickalplating (necvbsigiat obtbe bethad of dncieasibgithe
hardness of a steel object further includes annealing the steel object, and
APEREY gﬁeﬁ%th{eﬂahﬁ?&malﬁha Egiﬁﬂé 53 PBHE freRgae the
nitieatingiQ feoyaiiant &l s spethedhefinereasingdbr daisnessief a:steel
object is wherein the applying deposits the nickel plating having a
e R SO RRFFSC B o S B O00S A H5 wR6000.0025 nches.
One variant of the meth f ipcreasing the hargdness.of a steel object is
ner e B g e SR
ineludrigbeafasaipouti@ 0005 dradivedna adicu @D BES Ihatedrdnepvadbmitof
0 H?% mgéhod of increasing the hardness of a steel object is wherein the
‘Steel 6

jegbt is defined by stainless steel. One variant of the method of

incregping e dRessRl A RRl QRIBSHS hardness of a steel object is the

applying act includes an electroless nickel process.

One variant of the method of increasing the hardness of a steel object further
includes removing the nickel plating.

One variant of the method of increasing the hardness of a steel object further
includes annealing the steel object, and removing the nickel plating afier the
annealing and prior to the heat treating.

One variant of the method of increasing the hardness of a steel object is
wherein the applying deposits the nickel plating having a thickness within a range of
about 0.0605 inches to about 0.0025 inches.

One variant of the method of increasing the hardness of a steel object is
wherein the applying deposits the nickel plating having a thickness within a range of
about 0.0005 inches to about 0.0015 inches.

One variant of the method of increasing the hardness of a steel object is
wherein the steel object 1s defined by stainless steel.

One variant of the method of increasing the hardness of a steel object is
wherein in the subjecting the carburizing includes vacuum carburizing.

One variant of the method of increasing the hardness of a steel object is

wherein the vacuum carburizing includes evacuating the carburizing atmosphere to



wherein in the subjecting the carburizing includes vacuum carburizing.
One variant of the method of increasing the hardness of a steel object is
wherein the vacuum carburizing includes evacuating the carburizing
atmosphere to 4 a sub-atmospheric pressure, heating the steel object to
the carburizing temperature, admitting carburizing gas into the carburizing
atmosphere and drawing a further vacuum that begins with the admitting
of carburizing gas into the carburizing atmosphere. One variant of the

2 su mgmﬁ% Rfincreasing, e hardness 8@;&%&3%@9%%@%9@%@

g a portion of the steel object prior to the applying to prevent nickel

admisiagrigubrTtia pariorohheathuersg) ssnoamerodidrlarhe siethed of
vacutlgr@asingthehardness o s Iﬁ‘:‘c]aﬂl}ﬂﬁgd% gahersimihe sigehigbject is

stainless steel; wherein in the subjecting the carburizing includes vacuum
atmasgisiRizing; wherein in the applying the nlckel plating is an electroless
nickel plating having a thickness within a range of about 0.0005 inches to

ab&Ue0BEns ahEranchivd ﬂfﬁﬂ%?@ﬁ@&ﬁ@&l Rl tHec RS Bedehrior
incld@NBRRAL Irestng acine Q08 ¥eranhahtherpeadQf in¢heasingitrel

hardness of a steel object is wherein in the subjecting the carburizing

platipg onrih Atigrah iS5G Ristierature above ambient temperature, and

whaz&wdhamﬂ@bm@tﬁw@ammaﬁ@mdmmwwgmmmure
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clectPSESERkIR O%&g%gﬁ%s V&'@]a%s %B?Eﬁg&?%ﬁ?w yention,

there Is pr ame rocessing a stainless steel o ject,
aboug GrPHs Ighgstaiclia e fadedss teerhing é%@é@*@@ffé@rmtwahﬁ heat
treat@lgGlbless nickel material; heating the

One variant of the method of increasing the hardness of a steel object is
wherein in the subjecting the carburizing occurring at a carburizing temperature
above ambient temperature, and wherein the nickel plating can withstand the
carburizing temperature without melting.

One variant of the method of increasing the hardness of a steel object is
wherein the nickel plating is a deposition alloy of about 96 to about 98 nickel and
about 2 to 4 percent phosphorous by weight percent.

In accordance with a second aspect of the present invention, there is
provided a method of processing a stainless steel object, comprising: plating a
surface of the stainless steel object with an electroless nickel material; heating the
stainless steel object to a carburizing temperature; subjecting the steel object to
carburizing wherein carbon atoms diffuse through the plating and form a case
region; removing at least a portion of the electroless nickel material afier said
subjecting; and hardening the case region of the stainless steel object after said
removing.

Omne variant of the method of processing a steel object further includes
performing post thermal operations afier the removing.

One variant of the method of processing a steel object further includes
annealing the stainless steel object after the subjecting, and which further includes

performing the removing after the annealing



stainless steel object to a carburizing temperature; subjecting the steel
object to carburizing wherein carbon atoms diffuse through the plating
and form a case region; removing at least a portion of the electroless
nickel material after said subjecting; and hardening the case region of the
stainless steel object after said removing. One variant of the method of
processing a steel object further includes performing post thermal
operations after the removing. One variant of the method of processing a

steghoRieehiUhes ingludes: Roneing. lesiplgss wirpliglirct after the

subjecting, and which further includes performing the removing after the

platingdenamy Be Irerplsianicseineivahor shipkoesseity i sBject is

aboutvhexgip theplatingslepositssthrglectroless nickel material to a thickness
within a range qf about 0,0005 inches to abouyt.0.0025 inches. One
L R R I B BTG Bk I LT R B prating
platingsulisiia subistantially wnitenncoaddiniahmgrghacthiclnesh avithg rdnge
t 0,0005 inc hout 0.001..5 inches:;: which further includes
abon R S e R R e
steelstbisitizifigrithe stoetlotgevhicitéarther enlddesivpbalieing ibststatthbiciticludes

afrer GPRLURG: (e steahokiestAlier Gstabilizing. Prgneariantaldhe:mgthod.

of processing a steel object includes the hardened case region having a
stabifigtBgess of at least Re 50 at a depth greater than or equal to 0.012

iﬂcbﬁé-v(‘jﬁ%ﬁé@ﬂﬁ@h&fﬁb@ TE%B%%@&Q@%B%@%@@%@%'[ incluiijes )
the araene ase region naving a_nardne of af least Re at a ept
R G v} R PGS AT S0 1055 B85 MERes. One

equaVasirt10f ivhenethod of processing a steel object is wherein in the

One variant of the method of processing a steel object includes the
hardened case region having a hardness of at least Re 50 at a depth greater than or
equal to 0.012 inches and up to about 0.090 inches.

One variant of the method of processing a steel object is wherein in the
subjecting the carburizing occurring at a carburizing temperature above ambient
temperature, and wherein the nickel plating can withstand the carburizing
temperature without melting.

One variant of the method of processing a steel object is wherein the nickel
plating is a deposition alloy of about 96 to about 98 percent nickel and about 2 to 4
percent phosphorous by weight percent, and wherein the carburizing is a vacuum
carburizing.

One variant of the method of processing a steel obiect includes changing
the carbide structure within the hardened case region by adjusting the thickness of
the plating.

One variant of the method of processing a steel object is wherein the
plating includes selecting the thickness of the nickel material to seiect the carbide

formation in the case region.



subjecting the carburizing occurring at a carburizing temperature above
ambient temperature, and wherein the nickel plating can withstand the
carburizing temperature without melting. One variant of the method of
processing a steel object is wherein the nickel plating is a deposition alloy
of about 96 to about 98 percent nickel and about 2 to 4 percent
phosphorous by weight percent, and wherein the carburizing is a vacuum

carhurizing. variant of the method of processi stee] abject
A e B A R ion
contipytiagdjtstihirkhesthictradstiol theqiatinde Qe stiriaot of thiemethod of

case PLBSESSIG, 18R LADIRSS iSDan e plating ncludes selecting the

thickness of the nickel material to select the carbide formation in the case
redioAcET@nee veamheIkADPRth 81 BISPEEBESHIY R el oBetideitther
metHB&'é’&lﬁﬁr&@ﬁ%FQHﬁ%Sﬂﬁﬁgi%@?&%&ﬂéﬁ%[ﬂﬁ&ﬂgéﬁ tohihgdopmation of

carbides in the case region, and wherein the steel object is formed of

stainlgsgieel QRisSE: (BReora o WitAI A NG aSHebieBiHd pragEat fhvention,
evactheiig ihprovideshanneltiod wemietsing:dd)capplying.antelreisstessinickel

lati a.surface of a stainless steel object; (b). placing the aobject within
pres R B S B e b A A e
temperelranicaliousioy e ashiFaimosphetictpressieri(d) heatingfthe object
first PAUA He;MeqRRRIcal NoYSIng: 19, 358 RUHZ NG ST IR L8: »

troducing a’carburizing gas into the mechanical housing for'a first
secopg RSt AnHER ) S EERHG REVEEUIIh (Withrivial theE Hanes dedlsing for a
rem®BROMEERELIQY Qhtineie) 8RS AC I D: 3onldralityef times; and (h)

removing the nickel plating after said repeating and prior to hardening the

staindgsiriseS Qisst object.

Omne variant of a method of the present invention further includes removing
the nickel plating after the repeating.

One variant of a method of the present invention further includes a post
carburizing passive diffusion act after the repeating to enable the carbon atoms to
diffuse further into the object.

One variant of a method of the present invention is wherein the drawing
commencing upon the beginning of the introducing act

One variant of a method of the present invention further includes annealing
the object after act (g); and prior to act (h) which further includes hardening the
object after the annealing; which further includes cooling the object to a
temperature below room temperature after the hardening; and which further
includes tempering the object after the cooling.

One variant of a method of the present invention is wherein the applying
deposits the nickel plating having a thickness within a range of about 0.0005
inches to about 0.0015 inches, and wherein the steel object having a hardened case
region with a hardness of at least Re 50 at a depth greater than or equal to about
0.012 inches.

One variant of a method of the present invention is wherein the steel object
having a hardened case region with a hardness of at least Re 50 at a depth up to
about 0.090 inches.



One variant of a method of the present invention further includes removing
the nickel plating after the repeating. One variant of a method of the
present invention further includes a post carburizing passive diffusion act
after the repeating to enable the carbon atoms to diffuse further into the
object. One variant of a method of the present invention is wherein the
drawing commencing upon the beginning of the introducing act One
variant of a method of the present invention further includes annealing the
objectcaftsiaact (gjhentbprioripeaco{arhickrfuniventiocluties: rardening

provmgd phieal After I%vs?ﬁlé(}g(%i %gﬁ%\gggQﬁ%ﬁg&%foﬁgéqggﬁe?%m{ﬂgg%eaobjeCt to

a temperature below r rature after the hardening;"and which
surfefefrfer stabilige steshpfaeiig(he BejRetATtepitré vobing TRBaYE]Nt of a
housthethor-0fihe RresrNtinYERtiR SRR aINHIeARRMI NG HBPas S e

nickel plating having a thickness within a range of about 0.0005 inches to

AtmOgBRTHORTRPER T (e BB WS RIFF IS B PO BEE P HESM 3 U ARG e d
carbgas@cregiparwithe ashidrness of atiteasi-kRearbOvadhéndeptiy gidalesithan or
equal to a 012 inches. One variant.of a method of the present
oo R R T G e Rl RS e e
housmnpdedndestafeatddadtRe 50) atardepthvapenabisbir0iootnbimsaly In
itk a f, inventi {® provided
o e ot
timegifacisiprald ennlsiy slersosje snifpyp s tratows;seyingrRimikness

with REGRARICH ABOUSINGNAS ) SURSYSUBENE GIMRRMANHIHRIA tag
mechanical housing to a sub- atmospheri%pressure; d) hegting the object

evVAClAtifiA e FHEHAMRINILSIAGI d EEpURZRG O e e SRy Reating
first iAcke bTaaratirabrithima rdnge; ofladeut in said drawing the second

period of time is about four minutes, and wherein said second period of time
commencing when said introducing begins; wherein said repeating occurring for
520 times.

One variant of a method of the present invention is wherein the nickel
plating is a deposition alloy of about 96 to about 98 percent nickel and about 2 to 4
percent phosphorous by weight percent, and wherein the carburizing temperature 18
below the melting point of the nickel plating.

One variant of a method of the present invention inciudes adjusting the
desired carbide structure within the hardened case region by adjusting the thickness
of the plating.

One variant of a method of the present invention further includes
controlling the thickness of the nickel plating to control the formation of carbides
in the case region.

Yet another form of the present invention contemplates an apparatus
comprising: a steel body having a hardened carburized case portion and a core
portion, wherein said case portion has a hardness of af least Re 50 and 1s
substantially free of continuous phase grain boundary carbides.

One variant of an apparatus of the present invention is wherein the steel

body is formed of a stainless steel.



1600 F to about 1700 F; (e) introducing a carburizing gas into the
mechanical housing for a first period of time; (f) drawing a vacuum within
the mechanical housing for a first period of time; and (g) repeating acts
(c)-(f) a plurality of times; wherein said applying deposits a uniform nickel
coating having a thickness within arange of about 0.0005 inches to about
0.0025 inches; wherein said evacuating to a sub-atmospheric of about 1
tort; wherein in said introducing the first period of time is about one
mige, WHARI SIiNppifdraving hesesrndhiReriod piimenis.aquifour
minutes, and wherein said second period of time commencing when said
steel e R RAGERGITRE TR ROPIRNH YR oG RECEFANRS fOYOBBEAES. One
13%VakiRat®h pereethad 9f thenpregeiat NyLntobals Whereirtheagiekekeplating
is.a deposition al f about 96 to about.98 percent nickel and about 2 to
(Mnh@%g?b%ﬁq %%b&ﬁ&%f%%%%@%?&%ﬁf?% d“Wherein the carburizing
temperaitisetis§ hetppathenoéitingpsint iof thean ckelhptatmge Case variant of
. f th in an. | justing, t ired carbide
P e s o
thelplatipsprOneanareB e nmgcst inecplesshtiheertion ¢asther
portiCHAdeSpanIOling e thickness ofthsickebplafingsto control the
formation of carbides in the case region. Yet another form of the present
invention contemplates an apparatus compri sing: a steel body having a
hardened carburized case portion and a core portion, wherein said case
portion has a hardness of at least Re 50 and is substantially free of
continuous phase grain boundary carbides. One variant of an apparatus of
the present invention is wherein the steel body is formed of a stainless
steel. 7a
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One variant of an apparatus of the present invention is wherein the
stainless steel having a nominal chemical composition in weight percent of
chromium (Cr) 13%; nickel (Ni) 2.85%; molybdenum (Mo) 1.8%; cobalt

WEHPB8% Y magnanese (Mn) 0.7%; vanadium (V) 0.6%; anBGH& 34886589

iron (Fe). One variant of an apparatus of the present invention is wherein
the case portion has a hardness of Re 50 to a depth greater than or equal
to 0.012 inches. One variant of an apparatus of the present invention is

whereinghe Gast BORORhasa bardnsssat ResRida a deribiymio.ahout
0.090 inches, WO 2005/067469 PCT/US2004/036589 8 One variant of an

aPPARI D RO RAGHEI the case portion includes

fine uniformbadispersetpprbide sf GnerasianhefrandapPaiatus eldhee!

Pres nt %QI\{%QCEI%)P 5 Wg%rsglgc ége steel body 'Sif rmed a(ff a stainless steel

havi glsa nominal chemical com%agélfﬁo&nnﬁ] nv%e‘fgﬁ%%rc%oﬁ?%?séwgrlﬁium
(GrigBwAtokef (NPRBEUC M OBbrmnkeh(IG). 85 B%6ncbdiniGo] b3 %;
Magnanas (M5) Dsonanadiumiy) 0626, andking, Relance. 1en o)
and wherein the case portion has a hardness profile substantially” a set
forkmRerign FOmadarhemipfhhcamRaaens we the gfeserpipiisribetdgtially
wheinihe.steel 510 body forming one of a gear and a component of a
rolling element bearing. One variant of an apparatus of the present

invention 1€ VIRERERT flceBReEit b e Bise PRIt s WheSiMBreHrthe

costhsionmiegisiante etihasiaintegsainchrhasmat kesnesubsiantally
degraded in the c%arpgri%ed caatseoe%tion. Y t,anotper form of ;thélgres nt
invention Contamplatas Xm Apparans PEESHPRENG ¥ Shfrushe e
b@dydﬁém’r@mhwdmémdawbmzem@mmm mesiatateptf Greatenkiantes]
el oA LaHnshs gggmmﬁﬁﬁg&%s SLihanRe o, One variant of

Oft.
an apparatus of the pr invention is wherein the stainiéss
Yet another form of the present invention contemplates an apparatus

comprising: a stainless steel body having a hardened carburized case having a
depth greater than or equal to 0.012 inches and a hardness greater than Re 60.

One variant of an apparatus of the present invention is wherein the stainless
steel having a nominal chemical composition in weight percent of chromium (Cr)
13%; nickel (Ni) 2.85%; molybdenum (Mo) 1.8%; cobalt (Co) 5.3%, magnanese
{Mn) 0.7%; vanadium (V) 0.6%; and the balance iron (Fe); and wherein said case
has a hardness profile substantiaily as sef forth in Fig. 6.

One variant of an apparatus of the present invention is wherein the case has
a hardness of at least Rc 50 to a depth up to about 0.090 inches.

One variant of an apparatus of the present invention is wherein the
corrosion resistance of the stainless steel has not been substantially degraded in the
hardened carburized case.

One form of the present invention contemplates a unique process for
carburizing a steel component.

Related objects and advantages of the present invention will be apparent

from the following description.
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steel having a nominal chemical composition in weight percent of
chromium (Cr) 13%; nickel (Ni) 2.85%; molybdenum (Mo) 1.8%; cobalt
(Co) 5.3%; magnanese 20 (Mn) 0.7%; vanadium (V) 0.6%; and the

Woa¢E e (Fe); and wherein said case has a hardness pPEfil&’S2004/036589

substantially as set forth in Fig. 6. One variant of an apparatus of the
present invention is wherein the caseghas a hardness of at least Re 50 to
a depth up to about 0.090 inches. One variant of an apparatus of the
present invention iRwiEreBEERPIeesSOR t1asistBroeyeftlissstainless
steel has not been substantially degraded in the hardened carburized
case. One form of the present invention contemplates a unique process
for carbiigizing atisteatcomponeploReiated objestnandiagvaniagesof the
present invention will. be aren from the following description. WO
2%%55?85915635‘ Wfﬁ‘ﬁ%@%ﬁ%ﬂé&% BRIEF p BRIEDESCRIPTION OF
THE DRAWINGS Fig. 1 is a time-temperature plot illustrating a prior heat
treat cyei foiGARIIAING-ANA AKIAIG, PYOWER G om

. X JF%B that has
illustrates a hardness profile of & Pyrowear 675 component that has been
chFpRIFZEHTHSd Hediarektalrbytifes ieat iRAAFEGElessdedrin Fierig. 1. Fig.
2a is a micrograph illustrating the Pyrowear 675 carburized and 10
hardened mijcrostructure without using the nickel plating surface
preparation Fridf TIEAFFIANG P S the B titetrfior sy esrgst. 15
Rigratrscanparsiaty fisgwieniedyieywe! adeding:elornemihkeatpgation prior

to carburizing.

Fig. 3 is an illustration of a gear set.
Fig. 4 is a partially fragmented view of a rolling element bearing.

Fig. 5 is a cross-sectional view of an outer bearing race that has been

processed by one form of the present invention.

Fig. Sais a schematic representation of the electroless nickel plating layer

applied to the steel component.

Fig. 6 is a plot illustrating hardness (HRC) versus case depth for a
Pyrowear 675 component having a nickel plating thickness of .001 inches prior to

carburizing.

Fig. 7 is a micrograpl: illustrating the Pyrowear 675 carburized and
hardened microstructure obtained using the nickel plating surface preparation prior

to carburizing.



Fig. 5 is a cross-sectional view of an outer bearing race that has been
processed by one form of the present invention. 20 Fig. 5a is a schematic
representation of the electroless nickel plating layer applied to the steel

WeoWIGaere Fig. 6 is a plot illustrating hardness (HRC) versBSTHE& ¢i(31589
for a Pyrowear 675 component having a nickel plating thickness of .001
inches prior to 25 carburizing. Fig. 77§ a micrograph illustrating the
Pyrowear 675 carburized and hardened microstructure obtained using the
nickel piating sur facerapRIBlaNREOhI® cRRLAIZING 30 WRrd and
2005/067469 PCT/US2004/036589 10 Fig. 8 is a micrograph illustrating
tHE BB WE BB B SRR AR R AP ﬁ%ﬁ%&%ﬁ&&%@%ﬁ%ﬁ%@@ﬁ@
the tictkel4iating surface preparation prior to carburizing. 5 Fig. 9 is a
micrograph illustrating the Pyrowear 675 carburized, hardened
microstructure after annealing and grit blasted to remove the nickel
plating. Y#D2005/06746@PUTHIER0 0 (36688ar1d) DESORIET, RN
THEBREREBRED EMAORIMENTS den puasss abniemolna
understanding of the principles 6f the Invention, reference will now be
made to the embodiments illustrated in the 5 drawings and specific
language will be used to describe the same. It will nevertheless be
understood that no limitation of the scope of the invention is thereby
intended, such alterations and further modifications in the illustrated
device, and such further applications of the principles of the invention as
illustrated
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therein being contemplated as would normally occur to one skilled in the
art to 10 which the invention relates. Steels can be carburized and
hardened to achieve a case with a hardness higher than the core. When

wa gtegbeuntaining chromium is carburized, the carbon can BOKS Witk thiss89

chromium and form a chromium carbide. Different forms of chromium
carbide go into solution at different teppperatures. The chromium 15
carbides can patrticipate out at the iron grain boundaries and form a

continuoupPheRg IR KR TIRIPRatNtRIeD ERimeRirorwiltweaken
the material in the case because the continuous pfiase along the graln

boundaries will make it brittle and more easily cracked than if this
continudiss plpse:dlis peinttisly Hhaemidaisamigesareismalfand

RGeS THED MV Gt AR FEGtANER: AR B to g,

degra
2dsathers milustcdiie daagmigrogiaph &imdmn@mnéefmmanﬁechmmmm
C%%%%@@Eg'{?ﬁé stoﬁé %[ Eheo%rr%]ha id t%g% 0 ao emsvlgr?tlc%nls
forming a continuous phase along the fron graln undary in a piece of
mmanﬁmﬁﬁh@bmmﬁmmmgmmfmﬁ@mmaﬂa:@esméand in

agviconiinugus phase.Alanadhe.apain haupdaries ofthe on deplales 1he
iron matrix of chromium that was reV|oust in solution in the iron, Without

tHReEHG PSRBT AS RING W%P&%wmrt%q%ﬁktﬂédﬁe@%m to

cqmlmggsmglgt@gegraded If fine uniformly distributed carbides
exist, thi ndltl%n ha§ less effe%} "rb% n the corrosion resistance of the

steel th ﬁeg N Sals (el R RE eo L ith 2P NEKR SRS iR RS AFORESS
ghaghebdrmdtaei esrel W haventees dorthepresentrapplicatierufinedthbs taghon

LS YU s B h R ieae s

dﬁu@@mﬁ@m@@rgwmmmqhélgneféldﬁmrgmmnﬂmmgé%am@smr a

carbides can participate out at the iron grain boundaries and form a continuous
phase afong iron grain boundaries. This network will weaken the material in the
case because the continuous phase along the grain boundaries will make it brittle
and more easily cracked than if this continuous phase did not exist. If chromium
carbides are smal! and uniformly dispersed within the iron the material is not
mechanically degraded and may have enhanced wear resistance.

With reference to Fig. 2a, there is illustrated a micrograph showing one
form of chromium carbides participated out at the grain boundaries in a large size
and forming a continuous phase along the iron grain boundary in a piece of
Pyrowear 675. The chromium carbides when formed in a large size and in 2
continuous phase along the grain boundaries of the iron depletes the iron matrix of
chromium that was preﬁously in solution in the ron. Without the original amount
of chromium in sojution in the iron, the steel’s corrosion resistance is degraded. If
fine uniformiy distributed carbides exist, this condition has less effect upon the
corrosion resistance of the steel than a condition of large carbides with a network
in the iron’s grain boundaries.

The inventors in the present application find that the carburizing of

chromium containing steels with a nickel plating on the surface, facilitates the
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continuous phase of carbides along the grain boundaries. Further, the
inventors in the present application have found that they can control the
formation of carbides in a carburizing process by controlling the thickness

wofAhs/sritk@l plating. In one 5 application, the component is RIEB(SReck 6589

have a case with substantially no carbides and a thinner nickel plating is
utilized. In another application, it is desired to have fine uniformly
dispersed carbides; then, a thicker nickel plating is utilized. With reference

tesFrig3dRg Rl stiatera 9Rer S8hdQ inpiidina.geat bland 12. The gear

set 10 is purely illustrative, and is not intendeato be limiting. 10 The
ESEHAH BRtRS P EcHIEAsp RIfES HpBraskoisiarcappiisleths sedprany
typepetaranwitana limitaiendmenged hased.on the epasiflistypepfigaar.

As will be described in detail below, the present description will set forth a
ﬁ%%é%@?&ﬁlEﬁﬁfﬁF&ﬁﬁ%yaf%m BiseE PR POt B i HBR, (B
appiitatiohlihiedivogeans.ditiempibrdss cande witizetwmaasriety of

WS IRt Elng SIS oL mied se wiougl

tmiateri. Is.. .
ICATIoN, 1 1%%3311"@
onventiona processes rearter macnine mpone’n. e

rtrainétheompomenthiwi el eagtirdec dscand thegiensi delovatthe isutfiiced.
that havg-a hardened case fegion ;Howeverthe presem invention.also 4

Yv LOICLGHLG 0 L) Tl 1o LARUS

contemplates that the component may also noat Efbéilm‘é{cjﬁjlne a fésr‘?ﬁg o
et ERingP tEEANGLES IO RbTEIIR T Fig distherdigribtrdiedaifoiting
eﬁ%mﬁ%&&ﬁaﬁmtl& Jdﬁ%ezﬁ?lﬁﬂﬂ glement hearing 43 Mustrateddn kg «fbis
a ball bearing type rqlling element bearing; however, other types of rolling

b
b RTEh RS IR 6ET Ratathdle Berde PRA &pEre T SIIdbe
hizasinigs] ardeeghteioplatecdhesaini-Baegsing L3nelddes aneuerdearing
race ]ﬁAfz.inner beari%gtrgce 5, aga%e 16, and %I ralitg (gf ball 2 it
beannge t7. Thebeanng 1318 Fg. 4 canbe a- y“ﬁi&ac%r completaly ™
rpesadlid ey sternssinaorie furimederkngrk3yiofoynee diohaierate riadithn gHut

compatinle withdhe, %%ﬁ%ﬁ.f%&ﬂraﬂ{m%m&&@y&sa QMRONRDLO e

portions of the component as set forth below. The present invention finds
AppresrsisRith Esyngpenst samponent will have surfaces and regions below

the surface that have 2 hardened case region. However, the present invention aiso
contemplates that the component may also not be machined after the hardening
techniques.

Referring to Fig. 4, there is illustrated a rolling element bearing 13. The
rolling element bearing 13 iflustrated in Fig. 4 is a ball bearing type rolling element
bearing; however, other types of rolling element bearing, incloding, but not limited
to, roller and tapered roller bearings, are contemplated herein. Bearing 13 includes
ap outer bearing race 14, inner bearing race 15, a cage 16, and a plurality of ball
bearings 17. The bearing 13 in Fig. 4 can be a hybrid or completely metallic
system. In one form, bearing 13 is formed of a material that is compatible with the
process for carburizing the entire component or portions of the component as set
forth below. The present invention finds application with any type of part,
component and/or article and is not fimited in anyway to gears or bearings.

With reference to Fig. 5, there is illustrated an enlarged cross-sectional
view of the outer bearing race 14 that has been subjected to a carburizing process

of the present invention. The outer bearing race 14 includes a case portion 20 and
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component and/or article and is not limited in anyway to gears or
bearings. 30 With reference to Fig. 5, there is illustrated an enlarged
cross-sectional view of the outer bearing race 14 that has been subjected

win zeaxwrizing process of the present invention. The outePOBANREp4&6E589

14 includes a case portion 20 and WO 2005/067469 PCT/US2004/036589
13 a core portion 21. The case portign 20 is formed by the carburizing
process of the present invention and has hardness greater than that of

t@%&e%%ﬁ%%&%&&%ﬁf@foﬁﬁgé%@tt&{y@maﬂm GAREPRFIRD

with hardness to at least HRc 50 extending to a depth greater than about

OXPEONENERL o andrste haldievndaaect e Borisis has antrindssiorae
lgash BRBEORdRA: Gase fepth-withinarangsphaknels G0 Zinches

about ,090 inches below the surface of the component. The hardness

WithiPCEAE R depit sarRti R ARRE L oA Su R R e dorm Wifese
reterenteda Rarlife§, sheyeistiiistsied acplotiebhiandness Hikysf ease:

for.a Pyrawear. 675 material that has.been carburized and hardened
e WS o B e R R el
applivetion bon tbenplst estitew tbsesrelepthsmanick harfresse shandris ABtth

ntended 1o be limiied 1. the speaific.examples, upless spegilically stated

Ak EAPLAR WA v 173 o EEING, Y

to be limited thereto. The present carburizing process is applica e for use

o ElrsaiRies Bl Wribadseiralyisfaneterdsardrsiticianaradstentt

raaigrials Hwiiebntherdwate S LEARUHZINGRIAC eSS ARRlICARLS 1ase
other types of steel materials, In a more preferred form of the present

GBI GRARATRESEES APIS SIRAPHTIKIEE SeafouiediiibrApgeHing taptes
tradienameiRyisweasd 6heRymiraenkeia is stainless steel having the

oo IS Sl oo LR Acar o G0
rvsatgsaiie sec{ivit) g 2681/ anwdinsidic and i 0c6%e; rmnc:ihs. bElaihee ihen (Fe).
WilestheBrefaued-snaodimentasdhs Az erhRes Wb BRASHIS T/ RRGE
preferred form of the present invention the material s 2 martinsitic stainless steel
known by the tradename, Pyrowear 675. Pyrowear §75 is stainiess steel having the
following nominal chemical composition in weight percent: chromium (Cr) 13%;
niékd (Ni) 2.85%; molybdenum (Mo) 1.8%; cobait {Co) 5.3%; magnanese {Mn)
0.7%; vanadium (V) 0.6%; and the balance iron (Fe). While the preferred
embodiments will be described with specific reference to articles made of stainless
steel, such descriptions are exemplary in nature and should not be construed in a
limiting sense unless specifically provided to the contrary.

The present method of forming a case portion in the component includes
subjecting the outer surface of the component to a surface preparation act prior to
subjecting the component to the carburizing environment. Carburization in general
includes subjecting the component to an environment wherein carbon atoms can be
diffused into the material through the outer surface of the component. Carburizing
as uiilized herein includes any type of carburization including but not limited to
atmospheric and/or vacuwm. In the present process nickel plating is deposited onte

the external surface of the component prior to the component being subjected to

the carburizing environment. The nickel! plating can be applied by electroless
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steel, such descriptions are exemplary in nature and should not be
construed in a limiting sense unless specifically provided to the contrary.
The present method of forming a case portion in the component includes

WRBEEEatihg the outer surface of the component to a surfaee prdparationss

act prior to subjecting the component to the carburizing environment.
Carburization in general includes supjecting the component to an
environment wherein carbon atoms can be diffused into the material

F*ﬂ'ilekg@1%%{%%@%%19{&&%@9&@%%@@% ' e&a@g&ggs herein

includes any type of carburlzaﬁion including but not limited to

RETGEHHE HE S Bre AR Ik | ra S BR DR ERS s ek BRatiRpen as
depesiachonie-theRdemalswiiace o e SREPARMLRIRIL!R theocess to
c(?grgﬁonent being subjected to the carburizing environment. The nickel
ptati

- CABRE HPP IR b MSERONB WEPIHB 8t g g duction of mickel
RGE/LSRO041836589: bathickehplatng Thaoceieckenlaiinggalyanic)
technique. The present process preferahly.utili the electroless nickel
s e e R EROPE R ke
pleging Edcptvleddheichatsdidtingiinn Plochssitg dépsosit tdéposition the
lau.qf;nickel based upan the qaialylic reduction. ofinigkel 5 ions on the
outer surface of the component. The component to receive the

SRS SSRGS BB NS srdrambeth prélbisfatifeybins 3n order
teiecaive ddenasibatitheniskel depesitianalinydhavingia sie sigst mit

thié(L:#ness onto the quter surface of the component. Chemical nickel
p

A AL A e NP A Al a BReCRo FEh B E A SEIB P HtiWs Bnd one
batinsuitattedop ionmibglan 16 ateciroigsanicke MeposiioF allayenatioy

component is, s by McDermit under th tra% a gNiC‘Ia 724. In
e T S AT RE Dol
atharerajpe el @ singdoth 485tEpesdvont $900rtE hitrigrumdbrdisochthdt the

IRRYSHAN. IS %ﬂ%&@%&%@?&%ﬁl@%ﬁ ghemical nickel plating
bath and temperatures set torth herein and other chemical
With reference to the Fig. 5a, there is illustrated an illustrative portion of

the component including the nickel plating layer 22, which has been deposited onto
the surface 30 of the component. Fig. 5a also provides an illustration of the case
portion 20 that will be formed during the carburizing phase of the present process.
The drawing set forth in Fig. 5a is not drawn to scale and is provided to show the
relative location of the nickel plating layer on the component. The thickness ‘6 of
the electroless nickel plating layer 22 will depend on the deposition rate associated
with the chemical nicke] bath and the length of time that the component is
subjected to the chemical bath. A property associated with electroless nickel
plating is the ability to cover the surface with a uniform thickness of nickel
deposition alloy. However, in one form of the present invention, a portion of the
outer surface 30 has been masked/coated with a Paraffin material to prevent the
depesition of the nickel alloy coating on thig portion of the outer surface. The
prevention of the nicke! plating on the portion of outer surface 30 substantially
eliminates the ability for case hardening to occur as desired by the present process.
In one form of the present invention, the desired electroless nickel plating is

a deposition alloy of about 85 to 98 percent nickel (Ni} and about 2 to 15 percent
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15 nickel plating baths and temperatures are contemplated herein. With
reference to the Fig. 5a, there is illustrated an illustrative portion of the
component including the nickel plating layer 22, which has been deposited

worngsthigssarface 30 of the component. Fig. 5a also provideB@mitiRestaticso

of the case portion 20 that will be formed during the carburizing phase of
the present process. 20 The drawing,set forth in Fig. 5a is not drawn to
scale and is provided to show the re][ative location of the nickel plating

layscan the. %9%8%%‘?9&9&% tﬂl%%%&%&%@%%a@s&mf @L@HE@

layer 22 will depend oh the depo n rate associated with the ¢ ica

nieRelcpatHiamalpie db AerH oF shratRaterRS corapureritds(Sibjedtelbts 2He 8
chanugaiiRAtRoA R BRIty Asseriate %WE%%&%%M@&%@&K&J e RIAURGLS

the ability to cover the.s_ur?ace_with a uniform thickness of nickel
JEpRRRENRAE) ArBRTEr U fORR 8P tRcogrecremt imirdwtion)) apsbehent
of thet w&eﬁhtwéqg@;@;baﬁf@ﬁ@mrpﬁkﬁ? Ie® a@@%@heﬁ&f&@mﬁ%@
to. prevent the . deposition.gf. the nickel alloy coating.on this portion of the
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siface BlosubrstardiallytBOtaliininates theidhbitityfopeas athardeting foches
OROHL S AN NG RISSRN plogess, In.ane foun,of the present .
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arsunBs b0 8 e cuht pridked(Nihaad ab@ugzn@H@q@éthW@mnge of
20RRLOBIAS% ICT 20010565800 BUGLIOHS By ysighgercent

In a preferred form, the electroless nickel plating is a deposition alloy of

a Sab it §94{5T0R HeddisstiRickel (Ni) and about 2 to 8 percent
phosphureusAyNels Rk paceRinitka maisdreiered nembdhemsiggiroless

S SR R S T
etecirol éseenitke khplatingdrastddhiekdesse taiithits atcalnge i abous is
g8z enesia Al A0RR M Male BRI R R IORS Y
more preferably to a temperature of about 1650 °F. A deposition alloy having
about 4 or less weight percent phosphorous has been found capabie of

withstanding the 1650 ° F carburizing temperature without melting the plating.

As discussed above the present application conternplates the utilization of
all types of carburization processes inciuding but not limited to vacuum and/or
atmospheric. The preferred carburizing process is a vacuum carburizing process in
which the carburizing gas is introduced into the carburizing furnace to allow
carbon atoms to diffuse through the outer surface of the component and develop
the case portion. In one form the carburizing gas is defined by propane, however
other carburizing gases are contemplated herein, including but not limited to
Methane, Acstylene, and combinations of these gases. As will be understood by
one of ordinary skill in the art, the length of time and the temperature at which the
carbon atoms diffuse into the Pyrowear 675 will determine the surface hardness,
case hardness profile, and carbide type, size and distribution in the case portion.

In one form the vacuum carbusrizing process includes the following cycle.
The environment within the carburizing furnace was evacuated to & sub-

atmospheric pressure. The temperature of the component is raised to the desired
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to about 0.0015 inches. The Pyrowear 6715 component that will be
subjected to vacuum carburizing will preferably have a plating thickness
“t' within a range of 10 about 0.0005 inches to about 0.0015 inches.

wHeweners@dther nickel plating thickness 't' are contemplate 8¢St 0Frss89

component having the nickel plating/coating is placed within a carburizing
furnace and heated to the carburizing gemperature. In one form of the
present invention, the component formed of the stainless steel Pyrowear

6 ¢hrisudadioriask i donResalt R vithindhe 1an96.a5 WL LEQ0HE to
about 1700 F, and more preferably to a temperature of about 1650 'F. A

JEPORTHUR ARG I 4b Bt AR e Hare SHTRR S S ROGE RES
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wijthout melting the. plating. As discussed above the present application
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carburizing gas is introduced into the carburizing fiPnace to alow - carbon
afGhsHs B RS ghriteco lteps trfarerplietiercoiipopre fttamliniel dtop
thecaaeRHRNLhene farmdhe.carhutzing oas s defingd by.propane,

WAL TREELIGD,

however 25 other carburizing gases are contemplated herein, including
bUPRBERFREEPIE M SiHkA @ ey Riy ks dosaras ity o P iHescdifisaen
Asyeld] be prdesstaodthn oRemet emsinanrskibindhesar: therlsnathef time
and the te{l’?ger tur%at which the (@Haébo_n atoms diffuse into the Pyrowear
678 Wil St A S TRE SRR HEF FHEBYOLHTE REFHRSLE LSS, and

cévibptedype size andadisthibu tidfumotheycksenpottion: 36 Inidmefemathe
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environment withirT the ‘carburizing Urhace was evacua e&% a sub-

athSosppretieigre se didurhimdmpeiatheerotatiel cOpponenpigiaisédho the

d%ﬁﬂ%%@@@ﬁé@ﬁ%ﬁ@e'?}gﬁ%Mgﬁ%g%a%gve diffusion cycle the
component is then cooled from the carburizing temperature rapidly by quenching
in a quenching material. In one form the quenching material is selected from oil,
water and an inert gas, however other quenching materials are contemplated
herein. In another form of the present invention the component is cooled from the
carburizing temperature by a siower cooling process.

The compenent is then subjected to post thermal cycles such as annezling,
hardening, stabilizing and tempering. One form of the post thermal cycle wiil be
described below. However, it should be understood that other post thermal cycles
are contemplated herein. After carburizing, the carburized material is annealed at
about 1200° F for about 6 hours, then furnace cooled to below 200° F. This portion
of the cycle places the steel in a softer condition suitable for a conventional
machining operation. In one form of the present invention, after the annealing
process at least a portion of the nickel plating is removed from the component prior
to further acts to harden the component. In a preferred form of the present
invention, after the annealing process the entire nickel plating is removed from the
component prior to further acts to harden the component. Chemical means,

mechanical process and/or grit blasting may remave the nickel plating.
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carburizing temperature by adding heat into the carburizing furnace and
the temperature is maintained at the carburizing temperature during the
carburizing process. Thereafter, carburizing gas is admitted into the

wehaaiyesr4&r a period of time. As the carburizing gas is beirgradsitieic36589

into the carburizing furnace, a 5 pump is operated to draw a further
vacuum within the furnace. The drawjng of the vacuum continues for a
period of time and commences upon the introduction of carburizing gas

ior|1t0 the ﬁg@@ﬁ%uﬁ%ﬁ@ﬁﬁ%ﬁﬁmh &qﬁ@%mtﬁﬁwzeawﬁa&éa@%m&aorf
rawing the vacuum " ith the pump the cycle is repe ralit
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further into tfte material. Upon completion of the 15 active carbon diffusion
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then.cegled from the;carburizing temperatine Janigly DHEUeRshingyiBRied
guenching material. In one form the quenching material is selected from
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component is cqoled from.the 20 carburizing temperature by a slower
cORSFETB BEEPTE oA IE D BB eeR o PSP ahan v
su@om&aﬁe@glip@aﬁ?aaﬂemngﬁ's_tgbﬂmi dgpdn%@ﬁm@@g}imomof the
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understood that other post t ermal cycles are contemplated her’ein{? After
carbierizirig ctivted el zeenniementatier arciibii s a8 koo rEfopur
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cycle places the steeloln a softer condition suitable for a conventional
mEHRGBEHoRC 1A 8Ré feldhRiotThe BraseheiReion 2t i 1ess

apReAlNG two hours. After this stabjlization phase, the object is air warmed to

room temperature. Upon completion of the stabilization process, the material is
tempered. Within about one hour after reaching room temperature, the object is
tempered by heating the object in a circulating air furnace maintained at about 600°
F for about two hours. In a preferred form, the temperature is maintained within a
range of 600° F = 25° F for two hours = fiftsen minutes and then cooled to room
temperature. The tempering cycle can be repeated ence or a plurality of times as
required obtaining specific material properties.

In one form of the present invention the stainless steel Pyrowear 675
component with an electroless nickel deposition alioy coating is placed within the
vacuumm carburizing furnace. A cycle within the furnace was run including the
following. The environment within the carburizing furnace was evacuated to 2
sub-atmospheric pressure of about one torr. The furnace was heated to bring the
temperature therein to a desired carburizing temperature. Thereafter, carburizing
gas having a carbon content is admitted into the chamber for about one minute. As

the carburizing gas is being admitted into the carburizing furnace, a pump is
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process at least a portion of the nickel plating is removed from the
component prior to further acts to harden the component. In a preferred
form of the present 30 invention, after the annealing process the entire

wWhieketpiatshg is removed from the component prior to furth@£aais2664/636589

harden the component. Chemical means, mechanical process and/or grit
blasting may remove the nickel platings WO 2005/067469
PCT/US2004/036589 17 The carburized and annealed material is then

hassiened @tRlovaiednieMRaraiues fiom afange %@%%&g Qb the

about 1975 F and held for about 40 minutes followed by rapid cooling
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desirable but is not always necessary and depends upon the design
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n%g.e%%& ggnaabn%%gl%vo i}gggsé. After this stabilization phase, the object is
air warmed to room te%?pera%dre. Upon completion of the stabilization
process b rerened is Rgmpetatiewithiusiboat oredhogmptfterf daching
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circulating air furnace maintained at about 600
invention. In Fig. 7, the nickel plating is present in region 40 and the carburized
base material is represented in region 41. An enlarged version of region 41 is set
forth in Fig. 8. Upon review of Fig. 8 the reader should note the fine uniformly
dispersed carbides. With reference to Fig. 9, there is illustrated the carburized
pyrowear 675 after being annealed and having the nickel plating stripped by grit
blasting.

While the invention has been illustrated and described in detai] in the
drawings and foregoing description, the same is to be considered as illustrative and
not restrictive in character, it being understood that only the preferred embodiment
has been shown and described and that all changes and modifications that come
within the spisit of the invention are desired to be protected. It should be
undersiood that while the use of the word preferable, preferably or preferred in the
description above indicates that the feature so described may be more desirable, it
nonetheless may not be necessary and embodiments lacking the same may be
contemplated as within the scope of the invention, that scope being defined by the
claims that follow. In reading the claims it is intended that when words such as

114 b 11 N ¥

a,” “an,” “at least one,

oL

at least a portion” are used there is no intention to Himit



F for about two hours. In a preferred form, the temperature is maintained
within a range of 600 F 25 F for two hours fifteen minutes and then
cooled to room temperature. The tempering cycle can be repeated once

WEr280pitiraiety of times as required obtaining specific materidt@rarantie 836589
25 In one form of the present invention the stainless steel Pyrowear 675
component with an electroless nickel@eposition alloy coating is placed
within the vacuum carburizing furnace. A cycle within the furnace was run
ingls disientheod )l endngmiiig-enyicenmoan withindhaCcarhvaizingfieraacs.
was evacuated to a sub-atmospheric pressure of about one torn. The

[ 3

furAEEE WA R &R &5 Hin G a3t RETHDR rATHEthE ROTIRS ol B 1o
carbyiizingidéerppaiaiunel/ dheseatier iearhuizing g idyingal cathon
c%n;(l%%is admitted into the chamber for about one minute. As the
caﬁ)urlz%’hg gas is being admitted into the carburizing furnace, a pump is
WO 2005/067469 PCT/US2004/036589 is operated to draw a further
vacuum within the furnace. The drawing down of the pressure within the
furnace continues for a period of four minutes as measured from when
the carburizing gas began entering into the furnace. Upon the completion
of the predetermined time of four minutes for drawing down the 5 pressure
within the furnace the cycle is terminated. This cycle is repeated 520
times during the active carbon diffusion cycle. Upon completion of the
active carbon diffusion cycle, the component undergoes a post
carburizing passive diffusion time. The post carburizing passive diffusion
time occurs at the same temperature as the active carbon diffusion cycle
but without the addition of any 10 further carburizing gas into the furnace.
Thereatfter, upon completion of the post carburizing passive diffusion
cycle the component is cooled from the carburizing temperature rapidly
by quenching in oil heated to 140 'R The component is then subjected to
an annealing process.



With reference to Figs. 7-9, there is illustrated moicrographs of the 15
structure resulting from carburizing pyrowear 675 utilizing one form of the
present invention. In Fig. 7, the nickﬁl) plating is present in region 40 and
the carburized base material is repréSented in region 41. An enlarged
CLAYRISioOn of region 41 is set forth in Fig. 8. Upon review of Fig. 8 the reader
should note the fine uniformly dispersed carbides. With reference to Fig.
9, there is illustrated the carburized 20 pyrowear 675 after being annealed
1. and haviog HTeddieksipldiingastippes by @t dRstingnWhilgghe invention
has been illustrated and described in detail i? the drawings and foregoing
dSREBRS T B SR et 55 (EBTIS ROrEga g it Kirtod al ot e
applyih£hapasigrit baikg whdeistoockthatonliiiheanteierethesmbodionentdtes to
h % en shown and described and that all changes and modifications
abourt@f{() ni&ifithin the spirit of the invention are desired to be protected. It
shatid b gunderstoob; thatadalieuihienise atithe wesdrieferadldiffuse through
th .pgeéerfb%é)élﬁ:gferred in the description above indicates that the feature
& MG B et h Y B i5FPaE S hble, it nonetheless may not be
neeessdry andrerhboslsriaptsdackie i sspe may be 30 contemplated
as within the scope of the invention, that scope being defined bg tge _
I RAPTBI ¢ FRBG %8 IO RGO AR WHER R GRIE =
hardregcbias 1éast Ransl'at least one,"” "at least a portion” are used there is no
intention to limit WO 2005/067469 PCT/US2004/036589 19 the claim to
only one item unless specifically stated to the contrary in the claim.
2. Furtkenethenthédanguagercai leashee pottion lantigrn Baphiéenifistiused Re 50

the item may | !#)%e.a ortion and/or the entire item unless specifically
o4 SR e O 5 20

the con
3. The method of claim 1, wherein said applying includes an electroless nickel process.
4, The method of claim 1, which further includes annealing the steel object, and

removing the nickel plating after said annealing and prior to said-heat treating .

~

5. The method of claim 1, wherein said applying deposits the nickel plating having a

thickness within a range of about 0.0003 inches to about 0.0015 inches.



CLAIMS 1. A method of increasing the hardness of a steel object,
comprising: applying a nickel plating to at least a portion of a surface of
the steel object, said applying depo i{s the nickel plating a thickness
within a range of about 0.0005 inche€s'to about 0.0025 inches; subjecting
the steel object to carburizing to allow carbon atoms to diffuse through
the njckel plating and form a case partion; removing the nickel plating from
6. Threhod %%T?dﬂ’a}ndvh%“&i’%r@ﬁtﬁﬁ@d[ﬁ@%%é? ésf@ada%eéﬁ@a}mﬁﬁ%ﬁhng and
the case portion having a hardness of at least Re 50. 2. The method of
claim 1, wherein the case portion having, a hardness of at least Re 50 at a
7. Thaashoh 3 Ansut OO S b HHECTHRHBE O RISIAPE, ESi Saem
carbudlying includes an electroless nickel process. 4. The method of claim 1,
which further includes annealing the steel object, and removing the nickel
plating after said annealing and prior to said-heat treating . 5. The method
8. of Thaimethydereinisaid wpabinghdeposiis hieniskel platinghaxigdding the
thickness within a range of about 0.0005 inches to about 0.0015 inches.
carbusifing MO TRATHO I G Uai0 RIS e Ste BrUBI8 PR ek By o the
carbustaiijesmpteaiuré, dhaimathaegieiciaimeis wWhemincksaidisybiestingdheand
. carburizing includes vacuum carburizing..8, The method of claim 7, .
dra [ & T AR ST G RSB hATE D B0 a8 e e BaBthBighe
carbudirgsphereple:@. sub-atmospheric pressure, heating the steel object to the
carburizing temperature, admitting carburizing gas into the carburizing
atmosphere and drawing a further vacuum that begins with the admitting
9. of hrlninnbogateinio (hehichmuhizing dtdaspiasken O pheimeaihag efsel object

. claim 1, which further include asking a,portion of the steel object
prior to said apppylcng to prevent nl{c: e gfat?ng gn ﬂﬁé portion op t%.e steel otgajject.

10. The method of claim 1, wherein the steel object is stainless steel;

wherein in said subjecting the carburizing includes vacuum carburizing;

wherein in said applying the nickel plating is an electroless nickel plating having a
thickness within a range of about 0.0005 inches to about 0,0015 inches; and

which further includes annealing the steel object prior to said heat treating acts.

1. The method of claim 10, wherein in said subjecting the carburizing occurring at a
carburizing temperature above ambient temperature, and wherein the nickel plating can

withstand the carburizing temperature without melting.

12. The method of claim 11, wherein the nickel plating is a deposition alloy of about 96

to about 98 nickel and about 2 to 4 percent phosphorous by weight percent.



prior to said applying to prevent nickel plating on the portion of the steel
object. 10. The method of claim 1, wherein the steel object is stainless
steel; wherein in said subjecting the ;rsr?rburizing includes vacuum
carburizing; wherein in said applyingthe nickel plating is an electroless
nickel plating having a thickness within a range of about 0.0005 inches to

about 0,0015 inches; and which further includes annealing the steel object
13- privrtsteaieherarasinag SEEIeTs SiTHe Hirth GABPERIIE 10, wherein in

saifhsubiectinadheraaE ARG eCUHScald L ARRUEIZ IR IS MBREAIHA  rial
above ambient temperature, and wherein the nickel plating can withstan

th8EEMRsiAG RS SFerl PRIRAIHB GroHENT N E3CMRE RI¥thod of claim 11,

wRerpiBtthe Ricketplatingtisadepasitionaliey ot abeut9ntaiaput Bfhuch the
nickel and about 2 to 4 percent phosphorous by weight percent. 22 13, A

plating apdJaTst BroREsE8IPY stainless steel object, comprising: plating a
sudacs phtheisiainlgssisest ohieticvih-anmelestrplassidliskel Baarislecting;
heating the stainless steel object to a carburizing temperature; subjecting
the steel object to carburizing wherein carbon atoms diffuse through the
platingand s Pagecaseregian semmingal lesstapertioniobheving.
electroless nickel material after said subjecting; and hardening the case
region of the stainless steel object after said removing. 14. The method of
14, cldine 1t ftaihetdnethide Sushaealietrcastadalegststegthotiiastsiafibobject
after SHIHISHMREHD I AR MEHHENREINGLYIRS:BRHANTING RADIFD M Aler
said annealing. 15. The method of claim 13, whérein said plating deposits
annegiia%lectroless nickel material to a thickness within a range of about
0.0005 inches to about 0.0025 inches. 16. The method of claim 13,

15, WHASINSAIY BAYLG"?5 IR LARP NI S 2P NANGRe

material to a thickness within a range of about 0.0005 inches to about 0.0025 inches.

and

16. The method of claim 13,
wherein said plating results in a substantially uniform coating having a
thickness with a range of about 0.0005 inches to about 0.0013 inches;
which further includes annealing the steel object after said subjecting;
which further includes stabilizing the steel object after said hardening; and which

further includes tempering the steel object after said stabilizing.

17.  'The method of claim 16, wherein the hardened case region having a hardness of at

least Rc 50 at a depth greater than or equal to 0.012 inches,



thickness with a range of about 0.0005 inches to about 0.0015 inches;
which further includes annealing the steel object after said subjecting;
which further includes stabilizing the steel object after said hardening; and
which further includes tempering thé Steel object after said stabilizing. 17.
The method of claim 16, wherein the hardened case region having a
hardness of at |least Re 50 at a depth greater than or equal to 0.012

18, incHisss ot Rl ben S e idhn AE datdretianetnirdaned adsednssronf at

least RRVIOGBahR{IRess0f-ahleastiRe50 ata HaRth-gratah hahereIual Wehes.
0.012 inches and up to about 0.090 inches. 19. The method of claim 17,

wherein in said subjecting the carburizing occurring at a carburizing

19. temperaéHeaIg AaMbiekdRMIaraiir e s mbereinihenigkebpiatinge at a
can withstand the carburizing temperature without melting. 20. The

carbyEe FOPEIAIH eI QYR rR et SRS PSR S A HeF oSt BF sl afing can
withsdaLth9G ateabont B8-Riakelandidbauinélind percent phosphorous by

weight percent, and wherein the carburizing is a vacuum carburizing. 21.
The method of claim 13, which includes changing the carbide structure

20. withie thehbardengehcaseegion dymeistng tha Jhickpess &f s8R of about 96
. glatigtg;fZZ.‘The methqd of claim 13, wherein said plating includes
to ab gﬁé) -

g B aRAEES B ROk BRATRR ARt S B BT Blcnd Wherein the

carbugrination iadhencasenegion. 23. The method of claim. 13, which further
includes controlling the thickness in said plating to control the formation of
carbides in the case region, and wherein the steel object is formed of

21. staihiesstsiebbi24iA Methotsanpiikinga{adiapphangranieleeitaessvithin the

_ hickel plating tq a surface of a stajnless steel object; (b) placing the object
hard e B HOSH () SO0 T A Srorment within the

mechanical housing to a sub-atmospheric pressure;
22, The method of claim 13, wherein said plating includes selecting the thickness of the

nickel material to seiect the carbide formation in the case region.

23, The method of claim 13, which further includes controlling the thickness in said
plating to control the formation of carbides in the case region, and wherein the steel object

18 formed of stainless steel,

24. A method comprising:

(a) applying an electroless nickel plating to a surface of a stainless steel object;

(b} placing the object within a mechanical housing;

(c) evacuating the environment within the mechanical housing to a sub-atmospheric
pressure;

(d) heating the object within the mechanical housing to a carburizing temperature;

(e) introducing a carburizing gas into the mechanical housing for a first period of

time;



(d) hearing the object within the mechanical housing to a carburizing
temperature; (e) introducing a carburizing gas into the mechanical
housing for a first period of time; 242£f) drawing a vacuum within the
mechanical housing for a second pefiod of time; (g) repeating acts (c)-(f)
a plurality of times; and (h) removing the nickel plating after said repeating

and prior to hardening the stainless steel object. 25. The methad, of claim
(5) drawingr cRIUHRQY U e e et -%waﬁ&a&w%m&aﬁ of {ifiete)

repeaSigl Jep ety 49 eRable dhemasbemiatoms to diffuse further into the
object. 26. The method of claim 35 wherein said drawinﬁ commencing

(B e B SRR OF S AT iSRG B 2 P 9 HHRGEIBE Ehsim 24
stafhiebsfurkierpetudes annealing the object after act (g) and prior to act
(h); which further includes hardening the object after said annealing; which
further includes cooling the object to a temperature below room

25, teMpefadtielaiferiabaidhardonifg: andwhiebsfupbar includes tamperingiffusion
he object after said cooling. 28, The method of claim 27, wherein said

act ol O R O FRENTERSE SEANRG DAL IOk B AN S Ao
about 0.0005 inches to about 0.0015 inches, and wherein the steel object
having a hardened. case region with a hardness of at least Re 50 at a.

26 depth TGrEKIEPIRANBreqRARtS GH8tT GO B PS HEEP Rt Bcgning of

said iekaimu2thowloerein the steel object having a hardened case region with a
hardness of at least Re 50 at a depth up to about 0.090 inches. 25 30. A
method comprising: (a) applying an electroless nickel plating to a surface

27. of hetainirss sfelipbjgctyhich further includes annealing the object after act (g} and

prior to act (h);

which further includes hardening the object after said annealing;

which further includes cooling the object to a temperature below room temperature after
said hardening; and

which further includes tempering the object after said cooling.

28. The method of claim 27, wherein said applying deposits the nickel plating having a
thickness within a range of about 0.0005 inches to about 0.0015 inches, and wherein the
steel object having a hardened case region with a hardness of at least Rc 50 at a depth

greater than or equal to about 0.012 inches.

29.  The method of claim 28, wherein the steel object having a hardened case region with

a hardness of at least Rc 50 at a depth up to about 0.090 inches.



(b) placing the object within a mechanical housing; (c) evacuating the
environment within the mechanical housing to a sub-atmospheric
pressure; (d) heating the object within_ the mechanical housing to a
carburizing temperature, said heatirfg'to a temperature within a range of
about 1600 F to about 1700 F; (e) introducing a carburizing gas into the

.. mechanical housing for a first period of time; (f) drawing a vacuum within

30 thé MEMhFOAMMtiB g for a first period of time; and (g) repeating acts

(drktbrapbualiv afdimesi wbereinsaid apping sepasiisauniarepickel

coating having a thickness within a range of about 0.0005 inches to about

(B Blrssnm Erreliaf et ami s At esftcinly ¥8182s ub-atmospheric of about 1

(dpeiaRenein d sald dnttaeciienth el stReHOR ATHiMEHs RbOWINAospheric
minute; wherein in said drawing the second period of time is about four
PreSSHimutes, and wherein said second period of time commencing when said

(dnthesiieinadeging wiherain saichieReANBGReeH ANAMNDAR RS Blure,
The method of claim 24, wherein the pickel 5Iatin is a deposition alloy of

said haafingde s MpGIRTYS RitREl ARERSHEIYY 4 Plicert BREYphBIOLS by

(dyeightipercentcabeivierein the crrbidzingtempesatureris BRIOWARE of time;
melting point of the nickel plating. 32. The method of claim 24, which

RS A GSHHT thEHR Se B ech AR ST RS IRk iSRS Heg e rignce 488

(degipmbiyaaiustingtheghiekness ahtbe plating. 33. The method of claim
24, which further includes controllingﬂthe thickness of the , nickel plating to

coMHGIREHSHARRIH 6 FCBPSIHeR YR TRETL S FegiaHnE having a thickness within a

range of about 0.0005 inches to about 0.0025 inches;
wherein sald evacuating to a sub-atmospheric of about 1 torr;
wherein in said introducing the first period of time is about one minute;
wherein in said drawing the second period of time is about four minutes,
and wherein said second period of time commencing when said introducing begins; wherein

said repeating occurring for 520 times.

31 The method of claim 24, wherein the nickel plating 1s a deposition alloy of about 96
to about 98 nickel and about 2 to 4 percent phosphorous by weight percent, and wherein the
carburizing temperature 1s below the melting point of the nickel plating.

32. The method of claim 24, which includes adjusting the desired carbide structure

within the hardened case region by adjusting the thickness of the plating.

33. The method of claim 24, which further includes controlling the thickness of the

nickel plating to control the formation of carbides n the case region.



