;e3e&t N 26T&v] 1 29 Apr!! 2004 MODI FI ED LOW TEMPERATURE CASE HARDENI NG
PROCESSES Technical Field of the Invention The present invention relates to
case hardening iron-based articles substantially w thout fornmation of

car bi des. 5 Background of the Inventjon Case hardening is a wdely used
industrial process for enhancing the surface hardness of nptgl; apsd cles. In
a typical comrercial process, the workpiece is contacted with a carburizing
gas at el evated tenperature whereby carbon atons diffuse into the article
surface. Har dIODIFIEDUOW T]bM(WmATtUmE O SEOH ARDENINGT PBRUESEESpr eci pi t at es,

generally referred to sinpl ; E@@S " carburization is normally
acconplished at 1700 F (95 o501 ?hel’nvcﬁﬁm st steels need to be
heated to these tERPDQFaaEMr @Sention Qelateertd dabeihardphiag erattbasst artigks t o

austenite, which is necess{an%/ for cal?gon diffusion. In general, see
Shekel s., " GRdsegigllyryiioppormaion 8f earbigesso,  vol une 4, ASM Handbook. 15

copyri ght 51991, ASMInternatg Qd_kikounﬁairmdiavg[tmn pi tates not onl y enhance
surface hardness, they al so pronpte corrosiQ [ €ason, st ai nl ess

steel is rarely cGa® h?é‘?eé@tge‘él apNyidely i frldBﬂE‘IF] ‘a&%es%g‘?rbeﬁllhfmzcéigl si nce the

"stainless" gualcktphr@esd BE midigedridiss. caAy wc&ectomaﬁrdm pmreseamm er
application SN 9/133,040, filed August 12, 1 we de% “ik%ere t echni que

for case har corkpigge 4% eangacted vith ReArbUNEINGIEAT ff Wéf%?%"f As carburi zed

bel ow 1000 F.,Qb, %ﬁﬁedlhﬁﬁpﬁfoa&lwaﬁme anficdr oMiddgigtoaalrs cievlyhrthzat i on does
not last too Tong, the workpiece will carburize wth llt“@‘ﬁﬁ no formation
t

of carbi dé pregiapen af e@bldAsﬂ@mm@?&I generaly f%%"l‘?@ppeﬁ’é‘pg'u‘?sf only 25
becomes hard HeheRIQF 1 RRP PRSP E)) of N6, sifee t he

stai nl ess stgie1 ?‘rgﬁllr}rzaa% a ngﬁaﬂy%gg{nﬁggso Us P a?ent . 5,792,282, EPO
0787817 and Japasese need énbe Deatednen these 1PPERIRO KaForyeB hEBRNESE Al t hough | ow

Lemper at Ure gas Al RULLARNS QRTPRRISET BARRRANRIGnieidaned st ai nl oss

steel produc W& Br torrosion’resi st ance, Ivvays desirabl e
to inprove swtibkqy. 00@&s€arbtxmzmg§hlp§vﬁ2f wsB24: , Volame- ‘boﬁMrﬂ{é@l odkgper at i on.

29 Apr il 125 %opynght 1991, ASM International.

Carbide precipitates not only enhance surface hardness, they also
promote corrosion. For this reason, stainless steel is rarely case hardened by
conventional gas carburization, since the “stainless” quality of the steel is
compromised.

20 In our earlier application SN 9/133,040, filed August 12, 1998, we
describe a technique for case hafdening stainless steel in which the workpiece 1s
gas carburized below 1000 °F. At these temperatures, and provided that
carburization does not last too long, the workpiece will carburize with little or
no formation of carbide precipitates. As a result, the workpiece surface not only

25  becomes hardened but also the inherent corrosion resistance of the stainless

steel is maintained.
See, also, US Patent No. 5,792,282, EPO 0787817 and Japanese Patent

Document 9-14019 (Kokai 9-268364).
Although low temperature gas carburization processes can achieve
30  hardened stainless steel products with superior corrosion resistance, it is always

desirable to improve such processes to achieve faster, more-economical

operation.




Accordingly, it is an object of the present invention to provide a nodified
| ow t enperature gas carbuxi zation process for case hardeni ng stainless
steel and other ferrous based materials which allows faster carburization
than possible in the past and thereby reduces the overall cost of such
procedures.. 5 Sunmary of the Invention This and other obj eg$Aparzo4
acconplished by the present invention which is based on the discovery that
the rate of workpiece carburization in a | ow tenperature carburization
process can be increased by adjusting the tenperature of carburization
and/or the concentration of the ¢ urizati.on ecie in.t | Zi ng gas
to approach butAEerd y’é&'éé‘@c?%{f’?tegf{e‘?‘%rpﬁs?sﬁrgdnﬁnﬁ‘lg go %ﬁ?’@ﬁ a?ﬁ%‘?@%&)c%grbi de
preci pi t at@mbakiPs §20 BarbAeL0EIHOEsY for tite hprdesiagitainfvsesndel anl ghavérdes- a new
process for |ow tenperature gas carﬁ%ur.i z.iagl?a wor.]glgi.e e cont itgém iron,

ni ckel or esechmatshpls ivdnghorllowR LSt CAGURHUORAIR AR Wi 15 BB bUF T2l ng gas
at an el evaleds 8RNI 2bshof ubpeEutke sufficient to promote diffusion of
carbon into the surfaces of the article hut insufficient to pronote 15
substantial formation of carb L= 190n the article surfaces,

wher ein the Carﬁh‘% hnfd il 'o8 Al MESnfIRhdONEIE Prdser inaAtdmivhicRlis LaeduUr i zi ng
tenperature to a final carburizing tenperature. sq as to achjeve faster

car bur i zat érorihe rissoysoy shas| tefxste ORrRIKPISeE CERUEZANM dY DUPY aE™PRRMS nal

carburi zi n&xﬁtﬁ@t%na‘érléé%? QR ‘iﬁe ih@eREM 'b_I/ i a@jﬁ»stir% fhePeRp&@iurd BV edtbiratel so

provi des a new proc or |ow tenperature gas carburizing a workpi ece
cont ai ni ngaridfayithe qonesubhtiarof fistdarburpasion SPasis 1B HIFCARLIAGE EFLC AIFRINOEL with a

car bur j gi g, 485 eAbr A0Sl SYAAL SRR SERGLA MRRuSH! T cf ent to

pronot e di fTusion carbon into the surfaces of the article but
i nsuf ficient toA@oolingle thapsteaninvattiohqrendddsonneyt Posessifelelofr €BPERIER es i n

the article surfaces, wherein the .cok - I,PBoMf Bsin@chMAdualb N8 Speci e
in the car BrPHEGgLs™ P p’le((")ewceornegmg? %%ﬁgﬁr%&%ﬁlio?i 2 cgglgc?)ln?:ént ration to a

final concebikpitct enthdutirbgiziry gasrdt zatdonrted catbyritiog dumneeayee Suigigbio case
than possible for. carburization carri.e : fii GRS SRkRL 1 on only
and, in adBioPBif d‘lffgggn géBatrgoé]elH 14 g‘? iS‘é)rrqac'E(g %gﬁ{hﬁ%%&c}l%ﬁg I?Sgl?ﬁcéar bu?i_ zati on

carri egs outypafantidleformitionabf carbidenpreaipitaes oml the dticle xyripgnsi Whegoy et | | |

further, the present invention als rovi des a p I

t enper at ur EHHYIRE CBRFRITH & @Wﬂe&i fﬁ?r‘gfg lgglgefar%%ﬁ %@g%@%{%ﬁ §i %311

act i vat i ngchgisl fiasmeatat thaswer lkphieee fister bearaizhtioni Zlwah possibdk efot hese
surfaces pervious to carbon ]g_%tong a]?Hq_ t hen coqt acting the workpiece with a
car buri zi nearherzatien earrics) b atithefmel T P B e P Y at ure sufficient to
pronot e di f fusi gnq@fios ahdR8schithentibealsdipronidesas @iw proeesafor oy emipatature
insufficient to pronote substanti al f_orma,tiegn %f carbide precipitates in
the ar 2Pc| @assearburdng, 2 WRBPISPH CARIRIPS SRPHTIFYS) &F P8 GOLPRENE SRLF P8I onpl et e

as measur ed, by, & DG Withu@fing 84sDAMknt QAR URHYizinb @erigedpic s fickut faces but
before carburrzation 1s 80% conpl ete, carburizati 8& iinésufﬁ nterr upotn%aoqe and the

wor kpi ece pematadiffusian o carboreintmbg sudades 9§ frErpregie cient to p

substantial formation of carbide precipitates in the article surfaces, wherein the
concentration of the carburizing specie in the carburizing gas is lowered from an initial
25 concentration to a final concentration during carburization so as to achieve a harder case
than possible for carburization carried out at the final concentration only and, in additon,

less soot generation than possible for carburization carried out at the initial concentration

only.



10 carbon atons into the workpi ece surfaces. In yet still another aspect,
the present invention also provides a new process for case hardening a

wor kpi ece by gas carburization in which a workpi ece electroplated with iron
is contacted with a carburizing gas at an el evated carburization
tenperature to cause carbon to diffuse into the workpiece saphacam4t her eby
formng a hardened case of |5 predeterm ned thickness, wherein after
carburization has started but before carburization is conpleted
carburization is interrupted and the workpi ece is contacted mﬁth a purging

gas consi sting essentially of an .iner.t s at i.ng_tenperatyre bel ow
600 F so that tsﬁli.lg Lf BEnBEs Rt ’PYFém%Ihgﬁle progfdﬁg 3‘ RS ér t han

the case tRabemwd ghs b%&i?@geznstilﬁreﬁmfeevwbﬂkﬁieée @aiprising amNahng the sqlrﬁacgi ng gas.
20 Brief Description of the Dravvl nl%ﬁlf-[-’et%f% a,ent i nven

readi |y unefdhepesdiass ¢ ke earbiized {4 UM s -t %h%r’g nr% gure 1
I's a phasendi agh@Bidg tHésWwoAbiedd wikte aC@d}Hurtzlugngasoiat tah nﬂemmdi cahpetes ure 25

under which an Al SI 316 stainless steel faornms c r Fi gure
1 al so ¥ 1| espratrngpiidont corparts gftsion 6%#@%%?3%%?‘@&%036% %"ﬁ?‘f* %H"
carried ouf . &LAW & Frdnotd sRbiesBald kRREAN St Matbdde precibitg@ey en khd laktiesd r at i ng
how | ow tenperature carburization is carried out In accorgMII e with one

aspect of sunfacqs wherein aftencarhurigsiionand lgpst 103gcomplgie asigepsutEed QUL 5 i ew

simlar to Fi %E%alén u lb%%fncr @Bl‘k@gcéﬁﬂfa@éirbﬁ SHRicAtbriZ#0bn G280 chgpiedt | ow
terrperature carburiza n 1 n accordance wth the present |nvent|on

Det ai | ed Deslurizptionois inferrapted rad i wetkpiece Werqa?t%@ﬁttolq@%}%ﬁdéﬁu&%o
i ron- C?Qt alagghr}%my}&rl% wﬁ R}kglcg%gfaéshardened by |ow tenperature

carburfzatf urin ne or nore process steps including adj usting
t he carburi zat ilryet adbem&teua@ectadhpmwﬁmgnweh@nc@m@ﬁ‘(lﬂa%? BfY GFoceriur i zat i on

specie in the.c gr burizatian cgrg‘g&ta Y |“;}\gchtah§,0§g#[eggg1@§mtpgtgaemg}ar buri zed

and cl eani f‘f’ﬁe CTRE § RS glefe carburized - 1s car out to enhance the
overal | rairén choﬁmtbmwnnatcanbmmr@lgetsheaxetiyva@dmptbgn@atrph@mrmﬁ o &iFnN

process faster th 55|be|nthe 10 as 7 n

i nventi on FEbpA %&ﬁ"g? 1P ot Ea\go(gkmgﬁpdeuﬁfa ﬁlereyfrfég}]dugigm cﬁenlg(](i:gc%%al&;n ng
materi ab CaRragkmmifdd tfu@krmssﬂlgwlaeréiﬁafd&meﬂbusmlbmha sorted bad:@forbyarbmrfmm on of
carbon atons into the surfaces of teri i

preci pi t at B<Lompiigd Cbe“ﬁ‘ﬁTt}é’f“lléPgerﬁ’lp&g\ﬁBE%’eI(‘?ﬁor % é %Hé%ér‘f{')’n@ta (a%le’xarrpl ein
the above- g&&t&qs@w és%{mll}:fb ifdril 33, 2@4QJ,urg’inQ edlpémgt:esbeld\ﬁ 600°IO8 thalS Pat ent
No. 5,792,282, EPO 0787817 and 19 okai

Japanes e t e nt :
9- 268364) , thetresediorridod (ecd of CHRPLARISG @ %tcéﬁf tﬁ%tr“e(?url‘uf%i/ver é er ence.
formed without contact with the purging gas.
20

Brief Description of the Drawing

The present invention may be more readily understood by reference to the
following drawings wherein
Figure 1 is a phase diagram illustrating the conditions of time and temperature
25  under which an AISI 316 stainless steel forms carbide precipitates, Figure 1 also
illustrating how conventional low temperature carburization is carried out;
Figure 2 is a phase diagram similar to Figure 1 illustrating how low temperature

carburization is carried out in accordance with one aspect of the present invention; and




The present invention Ends particular applicability in case hardening
steels, 20 especially steels containing 5 to 50, preferably 10 to 40, w. %
Ni. Preferred alloys contain 10 to 40 wt.% N and 10 to 35 wt.% Cr. More
preferred are the stainless steels, especially the AlISI 300 and 400 series
steels. O special interest are AISI 316, 316L, 317, 317L ngl‘papg{r)oat ai nl ess
steels, alloy 600, alloy C 276 and alloy 20 Cb, to nane a few exanples. 25
The present invention is also applicable to articles of any shape. Exanpl es
i ncl ude punp conmponents, gears, valves, spray nozzles, mxers, suxgical
instrunments, nedical inplants, watch cases, bearings, connectors

fasteners, el edtfBhpds ?i"}ef”e?’é’}larstﬂé:ﬁ”ée gbfusg?té@ﬁ%mgﬁfeélaﬁwﬁ hEAYE i nes,
ferrul es aggidwhRmpbifire drburi2@ichih hdcoriait WY taopREent inhentphesent i nvention
can be enployed to case harden all the surfaces of the workpiece or only
sone of these surfaces, as desi Dgtriled\Desciplion, st aj nl ess steel, especially

austeni tic staifles3qREERith thOpFBen® ifRRRIMERA iRhRbMEhingewdkpiddees cafe chrom um
oxi de (Cr203) essentially i1nstantaneously upon exposure to the atnosphere.

Thi s ch¥ onbandened byidow tepameratuse carpiagtionuduring Wiiel pRS OMETe RISHLTichstons.

Accor di ngl: n, i pl : b i tind &eCebtamnesion s t he
present i n%/églﬁwgna(#%ﬁgg\g?gi éni esszatgbglegﬁnﬁgfakagf’hé%q?mt@eri al having a surface
| ayer i npecaiwigstiongpedieindiht fcabiugzation sesaraseiivatind s suHescs thpofgrhuritsde

wor kpi ece %%r fle%ﬁl‘%g tﬁeosuggceg%sl?e handened 1Q,5Ra8htoRBnAES invRV&E ite of
"depassi va sd"“berore carburi zat1 on Many techni ques for activating

st ai nl ess etreeizatimcand tthezebynmimplleta theicatburzation progessdisteighan pasgiBledn thsf car bon
at ons Lﬂereir are known. Exanples include contacting the workpiece with a
hydr og hBl de gas such as HO or HF at elevated tenperature (e.g. 500 to
600 F), cowodagiecei th a strong base, electroplating with iron, contact with

liquid 15 sodi and contact w.th a. mlten I ] i i sodi um

cyani de. Theseu‘{pgcﬁﬁ‘?feéfgégve f)%p dedt? }cg%ejla,tgf %aﬁge%(aéér%p%g, &{}ﬁkryﬂe&grggl%g- not ed

appl i cat i ogon&iifl¢ hderialt Oapable | cformige st hat®ned 9@ 8ice UB “Paseeiy didusid, gi92, 782,
S T BTG ST P SR A e o =

EOFW It gﬂg Jﬂg@ﬂials ASMyINERfwhadnid Gaedribed forekimpls ilGe RhoentotddoappiGitidn 8K5, 14?7, US
at en .

£ are WSO B, B 5 SaRERE Pl AR

wor kpi ece pgefiDdeambitrd. 749 (R 926RIAA,aE¢ tiéclofupasif weti¢ingre lispeoratadper vi ous
to the diffusion of carbon atons, it is beneficial to clean the surfaces to
be car buri heeindyetfergaceby contact with soapy water or an organi c sol vent

such as acet onergS,QlenMiM@hidn HRAY pirficidaf %)ﬂcébﬂftpumﬁgd hededirg dteblef or e
activation if requf’rec?). Low Tenperat ure

_ Ly rburizati 3}51 c%nt he wor kpi eee

i's read fesedalbbeirdly aertaningi% toi 0, eueferablyeld B $h V- %e AV buF AT YAE at
el evat ed t GO 3b 1 £ &0 1% 4T (5 95 (I ENIMbR RGN FBURAMIALARReRO di ffuse
Into the

especially the AISI 300 and 400 series steels. Of special interest are AISI 316, 316L, 317,

317L and 304 stainless steels, alloy 600, alloy C-276 and alloy 20 Cb, to name a few

examples.

25 The present invention is also applicable to articles of any shape. Examples
include pump components, gears, valves, spray nozzles, mixers, surgical instruments,

medical implants, watch cases, bearings, connectors, fasteners, electronic filters, shafts

for electronic equipment, splines, ferrules and the like.



wor kpi ece surfaces. 5 29 Ap(il 2004 In |ow tenperature carburization, the
carburizing gas is nmaintained at an el evated carburizing tenperature which
i s high enough to pronote diffusion of carbon atons into the surfaces of
the article but not so high that carbide precipitates formto any
significant degree. 5 This may be nore readily understood by apfaf®iognce to
Figure 1 which is a phase diagramof an Al SI 316 stainless steel
illustrating the conditions of tinme and tenperature under which carbide
precipitates formwhen the steel is carburized using a particul ar

carburization S. In particular, Figure 1 shows, for exa t if the
wor kpi ece is hﬂ?‘éﬂveﬁ@ﬁpﬁs@ﬁé‘v@ﬂ{?&%’bée Srgf)féﬁ%d b5 arrgeé1 %‘kgs%%a?gﬁ car bi de
of the forguhawdblkpiecs ordAlyMotre of esd suffhides, asidesirel) | be appreciated that if

t he wor kpi ece i;s heated under conditions of time and tenperature falling
anywher e adgd@liehe | ower half of Curve A carbide precipitates will formin
the workpi ece siijifiRgesiee], [RBERNNT RistchiBYstafildRS kREN TEmB & Sohetenpiotstives carri ed
out below curve A so that carbide precipitates do not form FromFigure 1

it can @l slydseofs spmiumaoxideo(Cry)syy syreRtiallyr BSERETGOYSIY PO t FROSHE® 4 8ur i zat i on

tenper at ur?&o%&h PO WRlofnidR Rl 1942 §f iBP¥rRbEie1oPdiEREiph bak@Bo alihsas a
function of carburizing tine. For exanple, Figure 1 shows tggt at a

car buri zat Acserdiegipewhenthe HPrkpase “I’:,b_ec%‘tbiﬁ&%d Bt desopiansg @ethpEigi B°¥BY ni ng
after onl yiﬁg&?"oéﬁgg r§ta lesggte%'lodf'rotl(& niGkdndf ﬁa?v)ng Oourkdee la{%hﬁﬁpem,to dhe a

carburi zat1'on t erature of about 975 F, cadrbide precipitates do not begin
formi ng undiffusiom o caibemtatasms fharsthpoughetid etorkpiece] SafapLIosdGH Fasg drardspedBecause

of i 3, Phgnonsnone, | QY. LAIRET Al Gur5LhtiARbd on s normally carned out “at

a cons arrzation mper at ure mal ntai ned bel ow the tenperature at

whi ch car bi de pvleci pichsites foranimatinghgainiess ofelc anrd gtier dustynartidsy e anpl e,
for a | ow tenperatur.e carburi ' r antJj.GloRat&eh deQohid&ina kR0 hours
usi ng the (Eﬂs{é&}g gy Slgléf)gﬁarbﬂlyoznl %@%tglgreglfagéﬁgoanérﬁ%a gar buri za’?i on nﬁ/oul d

normal | y beofkgtededithuthydtogan balivstgas suchewptllatr ke atoflewgted tpmpmatyie (F8ss, si nce

this would intajn the workpi ece saf el ! ; , -avhi ch
car bi de pr é@a ié@% g% °PYPth ?ﬁtéonéﬁoﬁf)eofpr%f go%bggﬁbﬂ%r#ﬁg?%g& (%@lelﬁ{ub% F).
O, asiil | ssfiimabedcontictvihia énolten strHatlr inclading sodnum cghnidsy ieseytethniadene al ong

line M since this would keep the, workpiece..saf el ., D o that
car bi de pr é’éi%??‘&?‘ésﬁﬂ%"aﬁ@fe’ ?‘bﬂﬁlab%ve'n% %Pﬁ%oﬁ 49}1315%%(2?1@0% éfrper ature
car buri zat i pnj9eR 0ge et BN 57ak 2825 EPO00787011 end Dpandse BrsntoPompreet $0 achi eve
t he desired anmount of carburjzatign. Accqrdgin dt, W eci at ed
that when &4HM8uKPkaPi2683¢4 Saf ﬁ]é%lg%‘i]ﬂesﬁf gadfé‘i)aﬁgé&ﬁf‘g t%prrlf’)lezr gfd'us’gomsnéef ely

bel ow poi ni QM NEan8BHRY chRkhtoNod1e MBM dhtéfratiaial aBywélnas dift Faeoudlot i ne, t,
during earlier phases 5 i

t
f b ti i1l b bel o- . Thi i
o0 P 0f s t5E e 7S Prgi e 17083k e WO nesogmontiiss dogiss s2idBed, Mo 'S
di f f er ence yhef WRSHed SEvEIRERIRS HEGp&thte@HENR bh réfendedne

Whether or not the workpiece to be carburized forms a protective passivating

layer impervious to the diffusion of carbon atoms, it is beneficial to clean the surfaces to
be carburized such as by contact with soapy water or an organic solvent such as acetone
or mineral spirits before carburization (and before activation if required).
Low Temperature Carburization

Once the workpiece is ready for carburization, it is contacted with a carburizing

gas at elevated temperature for a time sufficient to allow carbon atoms to diffuse into the

workpiece surfaces.




carburization tenperature (925 F) at the endpoint of carburization, while
line segnent T represents this difference one hour after carburization has
begun. As can be seen by conparing |ine segnents S and T, when the
carburization tenperature is nmaintained at a 10 constant 925 F so as to be
at least 50 F below point Q at the end of carburization, thengkhggoa will be
a 150 F difference (1175 F - 92S F) between the actual carburization
tenperature and Curve A one hour after carburization has begun. Since
carburization rate depends on tenperature, it can be seen that the
relatively | ow_carburization tenperature of .975 E durjng.the ear hases
of carburizati GhloS GHRECRNEE GERFZfTon, e8§P5ntﬁ?gz%atsilsowalﬂl’ag%3§{s]anc§ vralk dpout in
thi s ManNghrbuAsing SR Aure Whishlidhigh 2@kigho FRRer difisien dffttafoaarodanae with one
aspect of the gr esent invention, thi a}?cor\iérai nt. i Sa{J ar elg el hm nat ed by
begi nni ng thharagesil the s e hutprbidugh firt RradhPgHRIAS AP U L SIBBH @8 nper at ur e
t han typi Qt%b'e& used in the past and then lowering this tenperature as 20
carburization proceeds to reach a normal carburi zgti on tifqﬁerat re at the

|

endpoi ft of t h&hisanBube pare rewiilyrpdesieod by relersnas B AEy § WY A PAREd by

Curve X rqi%?‘rzgyro?a@A}mil@_E’tain?es§§t93-1 Iilﬁfstritﬁlg% dadiMohdofftingIaR tdmpeenaeRpt t hat
Curve X illTustrates lowering the carburization tenperature over. the course

of car bur iunder which rcerbiderpreeipitates| form grhey dpq gedlds SAPBRESH USINgA PYUFHE. | n
particul ar ve X BYY?u t 1N bl ahpionhatlif e Woikpicad i

car buri zatdlag)ﬁﬁféa‘ré%e%%%t &I?g 0 l%lg,fsgh}lg, th irs ab%ut 501 F Iessbtehalrf t he

t enper at urteatad withircthe cavdomedefinelcbyp Cuevees bagithcalids of e dpamaMesGrour into

e ool f bRl GAE0d Bl ihub&pRY: is B0Med 1R douRbRAGT 1 N

carburizat¥ rature as carburization proceeds to reach a final
car buri zattimen and 1@8popnre| falB@4anysirprer aboue dhofovgrshaff of Cure Andpbidst of

carburi zation,. the s endpqgj nt_ t r us i h j,anal
process asprf’cll?‘fféelsr&?lzg%fiﬂ ﬁpgf&er e’ qu?(% f r:f'agcgs[')ar tqlfl %Ija{aé% fe%)rrv&f)g |§Tég%1t!tnq t he

car bur i zatdaguriziopes aintikdeoouabelamyurie Kso that carbidgpretipitaiesrdounot foami on process is

kept within a predeterm ped anount. (e.g. .5 75. E .  oak DB F Or even
200 F) of the %é?fﬁeﬁlﬁ?rﬁrg hca 'Sehbeczi?%i Hjéig tjl(:)lrjs gggléic%%gg Pgr%%ls’a&et hat

time. 190 odahRkizMmdempérbRres vl proaivieoformaivpesfatathide prscipgdtest eirned abel ow

Curve A by a predeterm ned anouynt throughout the carburjzati.on cess. By
thi s neansfungtios farasbHrizing: ims fﬂ’ﬁﬁé?‘ﬁﬁﬁ’r E’gf“f Lég?wscéhﬁgiagér%aﬁq%glzﬁl{ogher t han

i n convent{@pahrp! FABSCEF, ¥obidbpleeipitdttrbebiarpeting afteesnigbneventhivfeahtyirde
precipitat (%Smitrjxgtgels)h Ct)1? thfe %Ehr;} ha-.rnr&?atnaegarbei\lfﬁfzg?o% t(e)élpé[rg]tlur% of about 975° F, carbide
precipitates do not begin forming until carburization has proceeded for 100 hours or so.
20  Because of this phenomenon, low temperature carburization is normally carried out at a
constant carburization temperature maintained below the temperature at which carbide
precipitates form at the end of carburization. For example, for a low temperature
carburization process anticipated to last 100 hours using the alloy and carburizing gas of
Figure 1, carburization would normally be carried out at a constant temperature of 925°F
25  or less, since this would maintain the workpiece safely below the temperature at which
carbide precipitates form at the endpoint of carburization (i.e. 975° F). Or, as illustrated

in Figure 1, carburization would normally be done along line M, since this would keep

the workpiece safely below point Q, so that carbide precipitates do not form.



10 approach is to increase the overall rate of carburization because,
t hroughout nost of the carburization process, the carburization tenperature
is higher than it would otherwi se be. At any tinme t during carburization,
t he instantaneous rate of carburization-depnds on tenperature, and the
present invention in this approach increases this instant ary_gqséﬁn padE by

net

i ncreasi ng the instantaneous carburization tenperature. The effect is a
hi gher 15 overall rate of carburization, which in turn |eads to a shorter
overall amount of time for conpleting the carburization process. O course,

it is still necessary when operating at higher carburlzati.qQn ratures
as descri bed abJVéicﬁlﬁOWrﬁWéaﬁ)‘Erﬁéfrb PRYRFORTEEICHT {ag? éést%glé)l O(r%%tl B(ﬁﬁ%ﬁﬁ o any
subst anti al , dg@feR didvaGhE aleBitd Zabirrof AeMezationgl Wccordinghnliy wiB tehe
carburization tenperature set 20 so as not to dr o§ bel ow a mﬂi [um

predet er ni repuregiatsd tpat athen papbyrizagion is camicd autAt A GARFIANL IRARCTAE SITYPEOY) 5o set
hot to exc%%t&%&a%ﬁ@z%@n%&nﬂ@hﬁ@ dt 8n} PStakhiRdes fifle, QUdurgAarlienplaiséser

wor ds, the ‘carblrization tenperature must still  be majntai neg a sufficient
anount (%e. gof cafhufizaion 501l By fandklow Cuvey 8- Ahigis glsg iustrpie "’t%‘g'i‘rﬁ P &gt

car bi de pregi pj O & Ence! chipaatur€ 8f Clhen ahfiitie means

t hat the cgl} eusre?@gl??so?]e%fegnp%trhgﬁire vﬁelt{lnﬁ%hggé tset}? wi thin a range bel ow
Curve A whosebunizatiomtempesatare<9%FSP F atethe enfipginbefceariyaraignciirling Seg‘?a’.t 25 F or
50 F) and whose m ni s furt I = heaprgarst esanivied
anount rrent’ieB’i?ée&?;a@g\r}ae{f%ﬂe&g.o%d‘m lﬁ—"[ a@% c%},%u%%loﬁ,}%g%gﬁlg oj?_ 200 F, foury3

exanpl e). Téumsparihdincuionts $and Gnwhembe carbwization tempergiircigmantpisedgid t o
reside within sone_suitable r e I JatbR 10 F)

bel ow veCOR.Sta%trBas 2 S%isrﬁo%efg%g&,&no{:%gro %}r?El(t) 'artrél%?engfoqtcﬁl?gnéégéct of the
present i nv@efei will teSa il 5°UB Hiffeteade bM 7€UF w2 Fhbtivgern e actughfab BT nent i s
carried out in the s way as descti bed al , t & ot

carburi zati @WPF@Wfﬁe?@t Pr¥e A O URY &4 %ag%%%gg}sé’%rhgg )rﬁ’ggﬂt' h%ﬂ%%%??ﬁﬁ%odlsl y.

| ncrement al ke duschii9ds BRyeri@res iitpherbei seenethyt thastektivady, lows paseurigpign from an
equi prent 5 standpoint . _Because carburization.proce Kk fewto
many hour s, CrREaR19é 928 %i ﬂ‘(‘}?'@n\gﬁt garé’aﬂ %r §f 2 ?rgﬁ%?%g&?esgv%sh?hg‘é%ut o five
to as My gsburdatichproth caded @t @\EiBmamtee. |t shoul d al so be appreci at ed

t hat the advantages of the present invention can be realized even if the
initial carAdiustment ofCarbupization Jemperallire, ot ngj ntai ned cl ose to Curve A at 10
the very early sfagesdfibe GhRHE hgRbl (Mhe friegul BentiohothB cohgwminthatargsty t he
very early stages o f carburization, for exanpl e‘ﬁiggri t he fj rsttiohour, t he
sl ope of Curliminated sby dieginpipg| thes ca@prizaiiph PRESE € raagﬂglberv\ﬁaé 284 bi de
preci pi t at egengn%ﬁinﬂe fanf EEIW QR O tRf hast akd dhen. loheting dhisgeyiperadniel &s t he
fastest carburization c € acconplished by keepi ng the instantaneous
carburi 2t | ombtrezaper proceeds tolrepsh ameme cyBuriRation GHEFULe ik %’ﬁ?‘?l}“e%

carburi zati gglrbgrgzg o ceQ{ actical considerations including equipnent
limtations nmay diC TPEYhat the initial portion of Curve A be_ di sl(Aegarded
in setting the iThibagdroahidilinstragedibyrCurve X in Figure 2, which 1s similar to Curve

in Figure 1, except that Curve X illustrates lowering the carburization temperature over

the course of carburization from an initial high value to a lower final value. In particular,
25  Curve X shows starting carburization at an initial carburization temperature of 1125° F,
which is about 50° F less than the temperature at which carbide precipitates begin to form
one-half hour into the carburization process (Point W of Figure 2), and then lowering the

carburization temperature as carburization proceeds to reach a final carburization



tenperature during the initial operating phase of carburization. This is
also illustrated in Figures 2 and 3, where it can be seen that the initial
carburization tenperature of Curves X and Y is set to be at least 50 F

bel ow Curve A starting at the one-half hour mark, 20 neaning that the first
hal f hour of operation under Curve A has been disregarded. Jongrieospme way,
the first 1, 2, 3, 5 or even 10, 15 or 20 hours of initial operation can be
di sregarded in setting the initial carburization tenperature in accordance
with this aspect of the present invention. In any event, it wll be

i h || f : buri zat i _ eved i
Ccor dance SHFPHMER A B Saoi U HOURET o eBy ey iy <2 siBRmE e = "

car buri zat wed it geRenahtisal froens astastiard ihEigpadt so as to achi eve a hi gher
i nst ant aneous rat e, of _ca]]rabur' zation andgl ovveritn]% this car blfll‘i éadt I.on
tenperature ovel PHPRIGHRLEmbRdimentiie FAANZaY ERBAM M ¢ aVBediNg S ar bi de
preci pitat @ chibuAXGRA ProckhEs k&Pt MithiZapre@fterpined @apunte.g. 2@ FT51 F, 10004 | n

accordance wWith still another feature relating to this aspect of the
i nvent i &n) Ft h9° Frosexem 200 ELof s fepperagig it “E%‘E%b‘é&’éﬂﬁﬁ‘i’eﬂﬁf g fhed t o

drop bel owgtlae i e WAL Bie lcABESzaH6S fehipBREraRANAntaREd BOIBR MBVd Adbyd time
during carburization without departing fromthe spirit and scope of the

i nvent i on. Pregetemyingsyamounsy dioyghoyth thej FRPYHEME GICeS- BY bllisi P5etSorhe

tenper at ur g, g ORGP RhPSahiM & EPNEGhsIIBabI higher Bfan G @BnvRteraf plabiketyere peri od
over which carburization occurs the advantages of theﬁlr esent invention

Wi || be rehtlowdr tempereipies sbwhiclhearbideprasipitatestbssipio famp Jir Reitefiget ohfhis

decr eagg | o720 o i BPER ads8VBFoubRITR Rlo8t 1TRS -

Nonet hgﬁesfg?p?%gq%%\zllg%e%géﬁ%?\ggﬁlpggtogFﬁr(b)‘?/ﬁezﬁal | cgrsbur,iogati on rate will
still be actbeiztionsprotesndheaeruizitivg tempersere srhigher o it woHd ethenyie bei ne over
whi ch 10 cafburi;zat) o, Cc%ﬁﬁzmii)metpg AsRHfah &AL Q0 oF BABES AL BedeRad™® Nt @i ned
hi gher than £he endtp0| nt carburrzation tenperature in the manner descri bed
above. Car lumperaire,cand Gaspréseunimivertipn of thili dpproaenincrcaseh dns nsirplgrastisratan be

used for supplyin rho o th - ki L AR ent i onal
gas carbur :‘J’gé?%%aﬁggés%ﬁ% ag{san%)ﬁ%%ﬁr%ééggfg%ﬁ%%gp gagzlé q%ﬁ%ﬁ&géé Er!n%lt g}rge,

et hane 1and opéraip faneof @xbugientionpwhiah i tugh adspo arstierte wetrad smonntwd timedaoxi de and
car bon di oxi de, .ang m'$<tures of these gases such as synthesis gas. See the
above- not e§OERIEWIE 1B CAPYTIZANP PIPGESS 5 51 5o wel | known in conventional gas
carburi zation tofbdigdelid @ stiil neesdangwisopematiig e hipghtinarburiadtiooneng@satuest ur e.

Di | uent gases serve to de(;reasg1 t he .ggnce.nt ration OE. thte 20 cantial

car bon- coneaidRscRbeds fhove o imsutenBat et PEEPHER R0t fBr BogPY pHRYERER| ng
excessi ve denes i tafurietRAE NcabrdmalyPast oAty il swbisiitmeremperhtacest

Exanpl es of such diluent gases are nitrogen, h(%/dro .and t t gases

such ag0ar §oRs nPtiofEer PElaW MmN PHYCEIEEEh MY, é'g?e‘}r;'btﬁ?e Ly %gﬁchg%gs e

conmpounds  apshetilt #eHhiSo 448 86t th Bxck& MMhaininG afiad fbibhiig @biclee @adese ANnin
conventional gas carburization can also be 25 used to prepare the

. ) r
car bur i zat iother yarisihe gaburizatien pmpsBAre MHtSHH bgnamaiged 2 SPRCTPAMPNCh has

found par iyl ¢ paphé PRI Creh bithy RRSAD sV @Rl dafilad reGipmRasesl of a
m xture of "carbon nonoxide and nitrogén with the carbon di oxi de content
varyi ng bemniformal. 3n astual opsicenther thiy picens|thay the cepuBzAion (ereRrE T Bt & 4096
Anot her,sgag iﬂil’ljﬁ?aﬂgp@&lo{v% %'V&Uéearﬁéﬁmﬁﬁ% W lsuffBieACH QR BEBwWYEE t he
present invention is-conposed of 0.5-60%
A (e.g. 25° F or 50° F) and whose minimum is further below Curve A by the
predetermined amount mentioned above (i.e. 50° F, 75° F, 100° F, 150° F or 200° F, for
example). Thus, the carburization temperature will typically be set to reside within some

suitable range (e.g. 25° F to 200° F or 50° F to 100° F) below Curve A.




10 @9 April 2004 vol unme carbon nonoxi de, 10-50% vol une hydrogen,

remai nder nitrogen. These gases are typically used at about one atnosphere,
al t hough hi gher or |ower pressures can be used if desired. Adiustnent of
Carburization Gas 5 In accordance with anot her aspect of the present
invention, the overall carburization rate of a | ow tenperabygpgyril 2004
carburization process is also enhanced by adjusting the concefhtration of

t he carbon-contai ning specie in the carburization gas. Like tenperature,
carbon concentration in conventional |ow tenperature gas carburization is
normal Iy held c : ' b on and
Soot i’ the | at Arog EykamERRY e iRl PR AkN IR MRRa e b ERET S th
thi s aspecfy of Fighes 3. nTbistandodintent isefapied, out e theosaoerwayass descrifed above,

car bon- cont.gj_nj [ e i r i j | dj ust ed
during car %gérepiza E%%@%ggngﬁlﬁnit%?ﬁ?%@eﬁ% e(r?ed\clgll JSéegstl%()t%aIJ @gnv\g?& |§1%15ﬁ'val ue.
The i nst anfranaomél rafuctians nagbb smpeatin onany mstntawnespengdlyrfadin ae eqyagment
carburizatign procgss, up.,to a saturation. limd, also.depends on the
concent st FanB it By e dior Bthat AR e Bty P RES RER°AERRRRAREr Y, (i s
aspect of fdeesnenwsamnhivary gomlasysy as thrgherfiveas bomagpac eftI5aRd,ds atevehe

begi nning of carburization followed by a | owering of the carbon

concentrat M5 during the carburization process. By this neans, faster
carburization i B saat@®aRb bs BffcadteCBbd tie i \agRBesIf thaproseht mAtrton cuh bh
sufficient carbon specie to avoid starving the gjreater rcfﬂ?rrfan for carbon at

this time. rHEsH eveR it igitiakqasypzation tmpperatire isof manpined cfase oY of 4 s
acconphishes vkt darlly 865esCTREBRZadbn. OFlg@bs LRI PYBWIRRGE Be Sorytehay sthesant i on of
excess carbon and soot is avoi ded. Tﬁe overall result is that |less soot is

formed on €HBunFabeRder exampale;during the SastihgHr dsrRlonsIH SOrEn BEEFlETRY SR at its
initial valyg hbraHghaite WS cabREIPrédlila®l RERCOSHAHoppink adtapiien, a

harder and nore uniformcase is obtained than if the carbon concentration

had remai négeatinglys whilsathe viastet cargajieausant e aeampliphsaby difepiss ghocess.
Accor di ngl YstahRGeddt CSERrizhibk ’i‘&ﬁ;ﬁfhuﬁ'k SQokOR IR At £ SthfdbubRit t @BPERRL Ur e

e
carburi zation process In which the concentration of the carburizinQ specie
i n theléar buyburratiep gaesesss prashiesl eepnsiderationn inelnding | cquipmerin limifetiars mayv a fi nal
concentrati [ aTo e i L 2akhPie $8:ASa b i AGH eve
faster car %&tézjﬁa{%titg%ngtég Or;g)%s@% g‘%g?éié%?%gﬁlzati oérjlt??:arrli e_%lr out at the
final concémpemtiroduring the iritiek operafingtphig ofkirbyrizatien. cBne sridsoallistatedin t he
carbur | z1 ng; SRS R lawhE %2 BULLLA 9 1352 BH D tEHIUERT. bACRALL YI NO Out
this aspect =0t the present1 I nventron can 5 vary wdely, an asically any
reducti on Xoarel YHaretao be nslegstisOf €drtovaGmatA waiting at teene-heli bowrdwakt ages of

Spect 20 1 B BaLBEa-Y SR Bt ol teatet S50l Thvist bl bl B FP e
concent r at sae way,us firesis 2t Bas cakoert (G0 af 20 heurs of iritd] opedatien caDbe
comonly | sisslseggr g(P inzs%?t/?ng rtheel\r{i%gl carburization temperature in accordance with this aspect
of the present invention. In any event, it will be appreciated that an overall faster
carburization rate can be achieved in accordance with the present invention by starting
25  with a higher carburization temperature than used in the past so as to achieve a higher
instantaneous rate of carburization and lowering this carburization temperature over the

course of carburization to continue avoiding carbide precipitates throughout the

carburization process.




| ess than 10% are practical. 10 The manner by which the concentration of
carbon-contai ning specie in the carburizing gas is reduced can al so vary
considerably. As in the case of tenperature reduction, reduction in carbon
concentration can occur continuously over the course of carburization,
starting at the very begi nning of carburization or startingga{desodn
initial period of operation (e.g. after 0.5, 1, 5 or 10 hours) has el apsed.
More typically, 15 reduction in carbon concentration will occur in steps
wherein the concentration of carburizing specie is | owered in increnents at

|l east 2, 5 or even 10 tines re between the .initial. and f
concent r at i ons 11 pfFofdence ‘ﬁ%%ﬁlfé‘% ﬁeatu’iféa'a‘éfis t8ﬁhlf’ ﬁSPE?irolgg}? IBVCHH%’htﬂ} ation can

occur shorhlimnifebey ca@l@\frﬁh‘t’idnzt@ﬁab&ﬁkuﬁaﬁa)b% !alllbvﬂaﬁ tafdl'@r beH?ovS tthiet tadnb ﬁatd&:l ay
period of 0.5, 1, 5 or 10 hours, for ex houl d al so

appr eci at e@ngehdgscribed abave o seme @erid ¢f %%PH‘P‘E% ‘"eaﬂ?‘g’&ﬁté‘t‘ﬁ Bifhout gﬁpaft%er ature
carburi zat 01 (LG aﬁ’&”scc?%t& tﬁ@ﬁlﬁ@ﬂl&onF&nEia@{ﬁl@r&vé@dﬂlQ{el iaftart@iodl so be
interrupted at an inter ate sta etweenlnltlal%)j {}gtlons at the

hi gher ZTartonrigeinadempartigrops felpw lF EANEY 108 p ol P e¥§n 2057 BRI YREPERPdat t he
lover |evels, o cﬁ%ﬁllﬁgﬂza?lgﬁlﬁgc'ﬁf's it h&'ﬁntaée@ o Hel fré&sehtdhvenkSE RAINGE feligzed.
concentration of carbon in the carburizi ng gas 25 above a certain |evel
during t heOgeruirseethe avéall raraef carbuprasioa sl decrense ifcadarigation 1 AU ng t he
advant ages, of, {h & {%Pnﬁgr%ﬁ'&es' W&l@fhﬁ@& el adbﬂtf@ §thf fabeed @\ﬂﬁ'alt babur2¥€dn 2

subst ant i al perio eginning to end of carburization the
concent r at fatenwitif stitldrebrohie vhdcso dergeas Ciunng heubmnh@rpotﬁ@@&f itheeldme i vhicks i n t he
case o erature reduction e iioePoir al | rate
of car E)Ql Ll“&ﬁ“Wi PFUEa Y eeacsafbugg%ﬁ tem %@@F\etlrg%tr?%%m@?d llgr bon a|ms | ower ed
signifi canéﬂdpolhoafaﬂamyatmngm;iamtmun qhemammbrdéSCtibﬁrﬁBibdmi ng the carburization

process. Aé : n.tpe ‘Ease of tenperature reduction, |owering the carbon
concentr at Uigall rizing gas froman initial higher value to a | ower
value at the erbd v@xﬁetﬁafchﬁéxieﬂtada'rhan cGnpainds cansbeorsed foir suppdyiigiearbattp dhe pr ocess.

In the case of carburlz tlonte eratur ement i s
refl ected Wﬁrkﬁ‘eF%ﬂé’t 3? AR Q‘H‘t"F‘B‘r‘?nT SRR S RIZ oL c?é‘%lgp%% B (?rrglpa?{%%t he

concent at g&es Qlichcay b@ﬂhaﬁd’l cifage @Ad Pedpaid, rtgyg@sqontammg emhpmmésmmﬂl ass
reflected I'n harder case and/or | ess.so uct. In either

case, inpr W@H‘ PeRgKfdeand cEboR-fipEfe gn V"%‘ief 8{)'?‘856&%?165 158% asl%yrt’tﬂesm gas.

carburi zat 5Qhe pREnbRAStickld atticleshoul d al so be appreC| ated that both
aspects of the invention as descri bed above -.tenper reduction and

carbon concent rlis & Webiown & cqnVeRions gag S pHEatRR o iy ‘{%ﬁiﬂg Ftie in the
sane procegs. . MAtitbof GRNIHES. DiReHhics Relvhe ScrBasoibE @ofidentatioh of mier easi ng
the overall rate of carburization while mnimzing risk of carbide
preci pi2f at earben-gantaigng bpedie sine then Gariumpalipie r 238.a bfiTayz RIGVEHMBa LEH NS ng
initial st a&@%ﬂ&fx o?%feméru'aiz@atrﬁcf?inonlﬁle%rk;ﬁeévs%fgéegg B@ngiet 0@ Rechwiilvex f avor
precipitate formation at |ater stages of carburization. Therefore, both can
be used togaemrr:nttmgpr,bYdrd&enaaIﬁahftm@fﬂg?éPﬂ ucleps LI ve neans of speeding
conventi onal %{r}f Jc@%&rc@w&]qhéa O nf@tdofn anﬁ@f"ﬁkéevéﬁﬂp@ﬁ'nd%c&nh Rilageor dance.
with still anot er aspect of e present invention, it has been found that
the rate ofisddaw ibamjaimgtqarbenwuobmaman iconventions} gasneaEBEizaioselan AL %Y es can
be even further enhanced r A0a8 higddiHi@nal
act | Va{iﬁon % ﬁg?,r&rﬂ}se carbuxza%l I?égs%ts&rﬁg tﬁeﬁﬁes‘é@t 15%@&? a 1 1

has found particular applicability in the present invention is composed of a mixture of

carbon monoxide and nitrogen with the carbon dioxide content varying between 0.5 and
60%, more typically 1 to 50% or even 10 to 40%. Another gas mixture that is

particularly useful in accordance with the present invention is composed of 0.5-60%

10



carburization is conpleted. As indicated above, stainless steels and other
alloys formng a coherent coating of chrom um oxi de need to be activated
before carburization so that 25 the oxi de coating beconmes pervious to the
di ffusion of carbon atons therethrough. In conventional gas carburization
processes, including conventional |ow tenperature has caerEuéﬂ;ﬂyﬂ
processes, activation is carned out only once after the workprece Is placed
in the carburization furnace, with the workpiece remaining in the furnace
after activation 13 ~9 April 2004 since the coherent oxide coating would
reformif the workpiece %frﬁ rﬁyvv d fromthe furnace. In cordance with
this aspeclUBie FREY RGeS HaWRiAEe hydrosrmdenaafe miFagsBr 8 e that t he
overal I raketypfcalipnbidrdt 286t Ofe QfmAphayy dBHRAIAGH Or e Brdsaidéd QR Her ocess
when 5 practijced . on a workpiece not contacted with the atnosphere after
initial adfdhdedidcan be further enhanced by subjecting the workpi ece to

anot her acAd;yahiRf ChBeedubeGRef ore carburization is conpleted. This
reactivation seens to be nore thorough than the initial, actjvation, which

may beSdue to fheacperdance hyith syweheansost of theaPESFNt hEyenfionedBy Y&l di f f used

into the arkRi8oR S 6RGCRw lethpRRYure \CafblrizaiSRGHrbda! iORIsb Sthrcad !b?
formation of a 10 hardened surface or case which is both nore uni form and

har der t hadiustieg the panakrestiompf the earbanecastaining spetic inbeearbwrizetionyeash&ilkor kpi ece
in accordapg ermtebﬁméco%é%%ﬁmpn éé,hae%hief{a@w A feiur @ ORBUAQTIsANY  Of

t he activatlﬁg techni ques descri bed above. Activation~ using a hydrogen
hal i de gagiormalivthieldtomptant tpi@isureibas ekesesivef yodngtiorpofisarhoneng sagt &y thy lagdrf ect i ve.

Al so, i isgatggss ofl%gljbﬁx%%llgn Esoa\i'ari]&%lci.udﬁl ?cc?tk:lhﬁb%%iﬂg%s E%b%& @fsth@iim;e%ggrﬂ’ argon,

hydr ogen, gon Or other gas inert in the activating gas mxture i'n an
anount suchertfost, thelencenmation bf carbamrconfairki@ compowtde spestet in Wizt dariyrigationi s about

5to 50, nore typically 10 t.o .35 .and_especi al % Al so,
reacti vat igtg?llsiag}(l %ﬁég ur(l:%nc\;}re raer >§m{:na"ﬂlrnr‘f%glgﬁltlj'%t‘31 %ayl‘%qg\%té?‘?l%gﬁt“ ?]h‘%gl\ﬁbr kpi ece
t enper at ur e t o Tae tirsmneanedus rrate aff catbudiationnb arlowatmpaatdeegasmatbugeation t o any

substantial 20 degree, for.exanple from200 to 700 F re typi.cally 300 to
550" F an TR ME Y 433te10h S0 8% Sepph® Bh i obfeniioniog ARGE s By ¥ 0
suspend t harbuliong Ghs. c doerdingynties nbpeot speheiiavdndon keploys lephiglee wdrhohng
reactivation to avoid vvgst.e.. Oc{er condi t}gns ‘ﬁ[’ aclti vat | op,.can bbe used,
however, |PRSFAERTADAt the, Pegivnlng gt EPIZEI T 28V ¢ PR e OV AR 81 S HRO8F 1 |
anot her asfpfentrafont AiLinB RS BtburizaN@NproedRs. By thdsméhs fadieeturfudiaaibnt isat t he
quality of the case produced b%( gas .carbur,i zi l} .a_ workpi ece that has been
acti vat ed 355emelsbed fptaalyi SRgeHO [FanDREARtED Wiesy ‘gcb?’%\f’ 0 )fpﬁ%ﬁtt%é_i"i’lﬂg t he
wor kpi ece girbifg &3 drddedr ldeaR BE c6h 4t tKIE i8S Théh) i REr KagdsVr e Medesd, € St age
of the carburization process. 14 29 April 2004 ) _
20 carburization is accomplished with less concentration of carbon specie so that formation
of excess carbon and soot is avoided. The overall result is that less soot is formed on the
product than if the carbon concentration had remained at its initial value throughout the
carburization process and, in addition, a harder and more uniform case is obtained than if
the carbon concentration had remained at its final value throughout the carburization
25  process.
Accordingly, the present invention also contemplates a low temperature

carburization process in which the concentration of the carburizing specie in the

carburizing gas is lowered from an initial concentration to a final concentration during
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Any gas which is inert to the workpiece including its partially-fornmed
har dened case can be used for this process. Exanples are nitrogen; argon,
hydr ogen. argon or other inert gas. Mst gas carburization processes

i ncluding the inventive process as described 5 above are conveniently
carried out at essentially atnospheric pressure with the cag ¥ﬁ|ékﬂg gas
bei ng continuously supplied to the carburization furnace so as to prevent
at nospheric air fromentering the furnace. Internediate purging as
contenpl ated herein is nost easily carned out by continuing the flow of
di luent in arburizin a e term at|n Ehe flow of the

carburi zi i§ é’B@ag’IOB SO A} fo e*}"ﬂ’g? ¥ ?Féﬁeycaﬂé‘f’fat&i’st B bledAr FREOUFYN G3Tifdt ed after
the furnaamt atshd fidal eshcwtiafioh byl nert gas. In any event, to achieve an
enhanced case Hgﬁaccord nce with this aspect of the |nvent|on t he

tenperature of {H& Pk Ve ¥EEn B PrETIRERRe 08 I t FeppEiziee ofPeriesi® Haring an

i nt er medi &h@uﬁixﬁggas%hoﬁlb%e ee”awéarm Zatyi mgs:@s?sct%metp%eﬁtﬂmm@&%ﬁ in
contact with the workpiece c a%ed to be iner so that conponents

whi ch mi gHeryy widely, dtiesicHly s CB%mgiﬁrth%nSI@HQ?%ﬁfﬁ@u@Wﬂﬂ Akhigvar bon
speci e usagk {dhnteak e 'Eﬂezp’r‘ééeﬁﬂnvé}ﬁl@n el tdg! ad cox%én@itfaﬁeo?%en&rau%zﬁ,

manner, the hardened surface or case proddced the carburi zati OE process
wi || be hapeis wihbe rrdesdiinilessrthan aborie’ Xhef rt@awawatupor’flw@e@am@omescr| bed

earlier, thiuss RYW GhiIbddk @@‘?oddﬁtﬁe Eﬁ’({ll bau@%o%reémbﬁgi 1@sexﬁanra% /ﬂw% g the

carburi zat| on procedure, normal 'y”be 20 acconplished after
car bur i zatl¢ss#hand 0%targ eragicali 0% corrpl ete, as measur ed by anount of carbon
taken yp by the,ywor e e for I i 7at | %
conpl ete. Purging e!?lr ggrv@ﬂéq ?%t ?%lﬁ%u%gto\?ecgﬁjgggpxg{%ﬂgﬁ%ﬁ%%%rrlpﬁ)I tglge isS nore
typi cal . Aktburizipgiegs mgewcbdl caorlsmivary dossidioabdy. atAs300he casé 0 témperure

typically 10 m t 0 _one _haqur pically 20 to
40. 25 Exar &Ptlén %ggt%oél s c%rbo%:%ce a&fr?)oug%f)%/cu{jég%rl )f?lvert[%ecso‘elﬁs ?Inventi on,

the foll owanbgnz.anmklstagtn@(antbé esrydregmpmg\uf detiurizabon oQ@tamnglalfterZQOAmtEXarrpl el
An Al SI 31 ess S pi e fter Iea t o, enpve .organic
resi due, @1% ad 09/65?%’3 %3? 5#? 5 § g e% %?reotfypll #8n. The
act i vdtsed redmetign ac earbars cdﬂideﬂtﬁhtﬂndmﬂlhﬁmulcar bteps mhdreby tlmoaimaﬁravwﬁ Iof as
carburizin as_co ose cantinu fl.owng mxture of CO and N~ at
a temperat %Pg“ Wﬁrﬁg lﬁéﬁcrﬁne"%n %‘éﬁt t?ug ngerSn{d;r"H‘c?%QE MLt ed

appr oxi nmatefweer && 1hmur §nd fivg lcohdRatrations. | DOt cdsé BB well nR2dG@ioR Uk ic&Bbnh ON
tenperature was reduced from 98Q and 880 F while the concentration of CO

was reducEEREATCOR 88 cecur sherly Rftelccanhugization Ras basumey dltsh@diitiabls deleve

f ol | ow ng pdadd & ol5, 1. 19orT@NHo8rs! fo lgre hrs. %12471 218 426GL14168Ret or t
TF980. 0980. 09G3. 394G 7934. 1924.9917. 3 |, 902. 5895. 887. )

i 880. G80¥®0. 034 shpwd alse bsapprscigied shap, ag in ghe epse gf temperature reduction, low

temperature carburization carried out with carbon concentration reduction can also be
interrupted at an intermediate stage between initial operations at the higher carbon
concentration and the later stages of carburization at the lower levels of carbon
concentration. In particular, keeping the concentration of carbon in the carburizing gas
25  above a certain level during the entire carburization process is not essential to achieving
the advantages of the present invention, it being sufficient that over a substantial period
of time from beginning to end of carburization the concentration of carbon decreases in

the manner described above. As in the case of temperature reduction, however, the
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The wor kpi ece so carburized was then cooled to roomtenperature and cl eaned
to produce a product having a hardened surface (i.e. a case) approxinmately
0. 003 inch deep, the case being essentially free of carbide precipitates.
15 Exanpl e 2 Exanple 1 was repeated except that the carburization
tenperature was maintained at a constant 880 F until a har genggi geze free
of carbide precipitates and approximately 0.003 inch deep was produced. In
addition, the concentration of COin the carburizing gas was nmai ntai ned at
1. 0% bet ween |1 68 and 240 hours. Under these conditions, 240 20 hours of
operation were required to achi eve a case_ of this thickness. . .Exanpl.e 3 An
Al'Sl 316 stoyPRi e@% %f{ “eaéfl’“%‘ﬁq{‘p@c g‘?“"éf“i r‘hélcéaﬁﬁnﬁét“’(no°‘lr<%%¥§?}‘e ‘%F’é‘ani%idc

resi due, WafmatchhtVpfof thyygrifdah@setiodbt tin@&finkgthe darbulNzativh pbddssk f or 60

m nutes. The activat ed workpi ece was dri.ed and.then heated to 830 Ffby
contact with a 25 i8dhe F#G AU PYPIIER TRYCHAP HOWFHE (e FADOR SAPGEEY B %1a

m xture of G0k 3RIFHR-an GRERUH et At vaipiaks set off sarbifizitonr s over
which time the concentration of COin 16 29 Aqril,ZO%? %ag)e o

car buri Zat ieshangess ograll caPhyEEgoR RIvRES00LIR dhe @8 8 [RBHDES VB 8Nt r at i on
| n_accor dangg i) e menienivhSs [obbe il SbkepbasuTabeih: FAbkead of N1 24
7121s24 CO% % 35.4 25.0 17.7 13.4 10.2 8.3 7.2 5 The workpi ece so

car bur i zed lomeringithncanoentation of adopin BepEbelZRESaE IS CRRRREEY & 'piStfdce a

product hawj ng,Acnakdansd 1&%@&@1& findl prdubi@ SB)ci ARG b RieR0BR95 | nch

deep the case hel ng essentia ree of carbide precipitates and with

m ni m zed pchidusittyenitaie gotrbl of e dEsbaripdtion 4orEitzamsl e 3 was repeat ed except
that affer two hoyr ’ | ' ! R htibPRs REQHRE SbNRS

i nterrupted by ?tesf%ﬂﬁlﬂg[sf%afﬁge&%%t\bvgg th %:E]%J coolkfngI the workpi ece to 300
F by conti nuasspérbtom efudizn afherhon2086eniBitionasdugtioed carobe peeri¢d @ishthegas f or

reactivating the workpi ece surfac nd . j : Was
raised to Isgmgéﬁn?:.m E}F’t %@fneﬁo?ﬁs%u{%g} gefgll{ﬁ%gea\é\g% f| ?ﬁgenéﬂﬁﬂgggfrsj l}t&iggoafti on was
resuned. | tinte&idgotie dvirklatataotasmriapionoxiikatiainyizidg 98k 06 carhidh posmparsas

achi eved in_the sane. anpunt,of ti .and regver . that e whj ch formed
was mor e uanF’E)art‘r?Pi%H fQeiEEne 4 H‘&I\ert%&%gﬁaélgn F%? %@Hng hmt%{i(lzssttr%%%eo%%%ifj %gﬁgh only

a few eppodiiRntSoiafet Behdrioas eWkich Nedit brtiphay efdnastiond es detebethg? «fbove, it
shoul d be appreci at eé departing

that many nodifications can %% %e }Nilt hout . ¢
fromthe spiFurizaion sdBpeloms befiean Ry B3rd; 'BertheR1q POYIR AR P RE LT SR, %ar e
i ntended tgnbgis Bf‘éﬂeéﬂi‘@%jcd%éﬂﬁbﬁhlM@@teﬁ@@ﬁ@r&farﬁuﬁ@atﬁihesent i nvention, which is
to be limted only by the

Reactivation

20 In accordance with still another aspect of the present invention, it has been fqund
that the rate of low temperature carburization of stainless steel articles can be even further
enhanced by subjecting the workpiece to an additional activation step before
carburization is completed. As indicated above, stainless steels and other alloys forming
a coherent coating of chromium oxide need to be activated before carburization so that

25  the oxide coating becomes pervious to the diffusion of carbon atoms therethrough. In
conventional gas carburization processes, including conventional low temperature gas
carburization processes, activation is carried out only once after the workpiece is placed

in the carburization furnace, with the workpiece remaining in the furnace after activation
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followi ng clainms. 17 29 April 2004 We claim 1. A process for case

har deni ng a wor kpi ece by gas carburization in which the workpiece is
contacted with a carburizing gas at an el evated carburization tenperature
to cause carbon to diffuse into the workpiece surfaces thereby formng a
hardened case of predeterm ned thickness without formation,gfsipsiisde
precipitates, 5 wherein the instantaneous rate of carburizati c?n I's reduced
during carburization so as to foster rapid carburization during an earlier
stage of carburization while avoiding formati on of carbide precipitates at
a later stage of carburization. 2. A process for | ow tenperature gas

car buri zi neine the cRirat exide neatingiwayld tetpmm ihtheRerkrigce rrh Iy fremnfe

cont acti ngfutrgla wor kpi ece with a carburizing gas at an el evated carburi zi ng
tenperaturée officient to pronote diffusion of carbon into the surfaces of
the article butniasuddicewghthit espent ofitbe inventivs: bayraven ithay brsnifighenfourdr bi de 5
preci pi tat 63, ki INGHALL! S GuiHEARASE o RCEEbHabRecFRiRNTd hidbesl GRRET al ur e
i s | overed ft 215 |1n|E|aI carburizing tenperature to a final carburizing
t enper a$ ur prasticed on taovaakgiccewmet onsiced withrthaatingsphersrafteiaitiapantigatisingan be
carburization carned out gt the final c urj 74 .enner 3. The
B ocess of TEAT APERCTEY EeURG eap BUPRET Ry Y Ahp el FBE Rb e it

i ncrement s cabudRA61 istconpRtdde tTivisamadtivationrse¢rnsato beahare thwnmigh tlanfthqvmitiahal ue. 4.

The process of claim 3, erein th rpurizin rature. s, | red in
i ncr ement s 2gtvatiny Sthigh; W@'WF‘? fir‘é%mbtb? ?@égﬁ‘a Fas Y |ng$fr%ﬁb§%f}?£ﬁ:allre%dgr%\§{?i zation
t enper at ur @gss&t infd e RoAREBE siitfaced. dh i event) egaetivatiboresalts indarstati8BDof of t he
time beginning 1 hour after carburizati on has begu nd, endi whe

car bur il at berened syrfBes aMneasa Mhche St mege uf“ﬁoémi ﬂg’tgﬁﬁeéﬂ%hgmgg?%ﬁl??zi ng

t enper at ur g SuifBicAtfoped Wi thin 200 F of the tenperature at which
substantial formation of carbide precipitates will begin. 18. 29 April
2°t04 6. The prBeasguatigg thy werkpisce ipAesoriance Bith tys PRSELOT HOREHIPIFAD PF e
begi nni ng }, ROk, af 6T orCRE DIV ARE | B¢hnltass Re@HBedaasbvendirbgvanbeusing a
carburization is subStantially conpleted, the instant ﬁgleo?fs carburi zi ng

t enper at ur dydrogenehatidazaseprriguldiiyHGlpbaseen fqupd ta RERFER ALY SUSFGhi LD

DSt s 2 GEABHL90 ST B 5 B B, o, et T ocess o
car buri zat igenintrn the getivatiraizas MIXtAY iNAR AMEEH b\tfhit&agﬁhwng%ffg%ﬂf alflion) 1y
200 F of 1 T B R B e e o b e
preci pi t at 88%ni Alsobemgitivatiy isTinestproovwisstipfcaricdiont fry lapraingithe Forkpiace | east
95%of the téglprg?atgr%qg rzllntierrr]lger%‘ture at which carburization does not occur to any substantial
20  degree, for example from 200° to 700° F, more typically 300° to 650° F and especially
500° to 600° F. In addition, it is also desirable to suspend the flow of carbon-containing
specie to the workpiece during reactivation to avoid waste. Other conditions of activation
can be used, however, if desired.
Intermediate Purging
25 In accordance with still another aspect of the present invention, it has also been
found that the quality of the case produced by gas carburizing a workpiece that has been k
activated by electroplating with iron can be improved by contacting the workpiece with

an inert gas at 600° F or less during an intermediate stage of the carburization process.
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hour after carburization has begun and endi ng when carburization is
substantially conpl eted, the instantaneous carburizing tenperature is

mai ntained within |00 F of the tenperature at which substantial formation
of carbide precipitates will begin. 9. The process of claim2, wherein the
wor kpi ece is made of stainless steel, and further wherein pbepsiuedoaces of
the workpiece to be hardened are activated prior to carburization to makes
such surfaces pervious to carbon atons. 10. The process of claim2, wherein
after carburization is at |east 5% conpl ete as neasured by the anmount of
carbon taken up by the workpi ece surfaces .but . .before. ' i is 80%
conpl ete, car bufiy &t %]Ff\é\ﬁés ‘g?ﬁ &Wﬁﬁoéﬁl%fﬁdn#%%n%? R%qlé%gﬁéécf%ge&g% to
enhance di tfdsh0ht QEd FREROFroSdsO NBxaimipled ateitraden kipgeac Bydsogehaares: orbiher The
process of claim 10, wherein during the period beginning 1 hour after

car buri zat "$H 8&s begun and endi ng when carburization is substantially
conpl et ed, the QRkYgdsi dAButibRios Birbdésdes aiding GweTiavaative erodessps desaribed han 100
F bel ow t he tenpera%ure at which substanti.ai formation of carbiﬂ?eth

preci pi fat €eovgi Bie PRYFHERY QUFFHPY r dabsiete!ls A PAPIE G AT EBITE R 0 "&nhance

di ffusion Q&b&?{i@%s%Efﬁg‘éoﬁtﬂlhgusﬁ)hﬁlp}médk@itl%rlﬁxﬁ&itf@ﬁ&’ﬁmaéle%o as 2Opdpenit | 2004
12. A process for Tow tenperature gas carburjzing.a vvorkpi ebgee ;gjnt.ai ni ng

i ron, ni ckeimasphasietafr fewmrprtpingrige &spacsc Lytergedile RR6¥ Rep e it d 4P buri zi ng
gas at an g X&teﬁglycc% Hrolugf))'ﬂ?onttiﬂﬁmg"c}%?f‘}U’v@oﬁ&mfehtCithﬁH cdrburingnaat evhde f f usi on
of carbon into the“surfaces of the article but insufficient to g{lgrmte
subst ant i alterigrating ithenflow afathpicaduszipg spcisi t Ade@matiyely (Al g3s; 1oV% C¥LPF aces,
wher ei n,the conecent |0 i heZ iR SPEGh @n¥ RvéiCtoCaARRYE kZi Ng gas
is | ov\gp ed??r?%nr?l%gnafl{eﬁih{ei QP%I&%E]%@%%? llféllﬁeztno ag_%fi nal ni(I:o‘rllcentor ation during
car buri zat ieplens@i @se o acotdaseeewith Huy dwectcdsbe invariopo s pmperpyye of the
carburization carried_ qut. at haal canc 1 ARerRBdiYt | FSie SOOt
generation V‘fﬁg’ﬁecﬁosgg'iﬂglobg ]Pgrere?:grgbé;opi ?a g %% g"g}%{i ed out .alt eiﬁg%fhe hi ti al
concent r at icabufztiyn piddess Bne tinr anesshenfincbatach with thaerkieretdhangsd iR &at r at i on
of carburizing.specjie is |lowered.in.incr tobMeSEinDgiween the
initial and“ﬁl’i?hﬁ'l S°c%ﬁc°8ﬂ’??’§flfsdﬁ ich ipyeht %ﬁg{’%{rg%ggg‘;éoriéﬁg%l B m 13, wherein the
concentjsat itgcadonCpediel ded i forgcaiueication] are lebmented. By rrerseding int Wisapanngiast five
times between the initial and final concentrati Wi esg of
claim 12, whehadeped surdace r‘?élcas(‘?dﬁ%dg‘ﬁ?drg I Sncaﬁbfla%:%@ﬁ%ﬁc%%nvgvmg%eﬁgi s | ess
t han 50% ofphdrBenifdHnt | @l concentration of carburizing specie. 16. The
process of claim15, wherein the final concentrat.i on of i 71 speci e
i s | ess than 25%gksrthe Fractivation aWOCE‘{S‘Fchﬁfr?”a?Bi%W% i ﬁ‘ @?‘%gﬁ%p@é?g 17.
The pr Ocessac&fmrﬁisﬁéd e \WRALINE chib@riZdtioR procedies nithatghanhwdf norarabybe zi ng
specie is less than 10% of the initial cg%%nt[ati on_of %jagburrnioznit%g speci e.
18. The20r cseaseplishedcafier garbprizalipip fSedtricishé KB & M Te "o f "eTEINI ess
steel, and J&Uohhﬂfenvﬂg%g%e WoRGieuIshases taf bibe cbukpitads B0%enipitdened ar e
car bur

activated prior to i zation to nmakes such sulrf,aces ervi Qus, Lo car bon
atons. 20 Purging when carburization is between 35 and 65% complete 1s more typical.” Also,

purging will normally be done at 300° to 600° F, more typically 400° to 500° F, for 10

minutes to one hour, more typically 20 to 40.

25 Examples
'In order to more thoroughly describe the present invention, the following working

examples are provided:

15




29 April 2004 19. The process of claim 12, wherein after carburization is
at least 10'-' o conplete as neasured by the anmount of carbon taken up by

t he wor kpi ece surfaces but before carburization is 80% conpl ete,
carburization is interrupted and the workpiece is treated to enhance

di ffusion of carbon atoms into the workpiece surfaces. 20.2dMgriFgeaess of
claim19, wherein during the period beginning 1 hour after carburization
has begun and endi ng when carburization is substantially conpleted, the
only time the carburization tenperature drops nore than 100 F bel ow t he

t enperature at ich substantial formation of carbide precipitates wll
begin is GSEERELt reatnment of the 5 workpiece to enhance diffusion of carbon
atons into t he AWHIRDBRCQaifldss se@b svorkpikce, Aftpr demss th oemedsegduar gediag a

wor kpi ece by cgas E%rbluri zat| on.'bn whirlch tthe wor kpi ece is contacted with a
carburi zi NG gAYalsH DY RleRFRANE ¥R AR OR t enperature to cause carbon to
di ffuse into titge WetivaRide Gorkpiecé afs Sdriddeiibiheh odarbuniged byacahenedvihase of

predet ermi ned .t hi ckness w thout formation of carhide precipitates, 5
wher ei A aCEEHNIZng (883 iCORPPSH Had cORIYHP Bwn}gemtgrecgf@ iag‘%thlﬁo?\t ts

conpl et ed {GalBiirk ZRtweeR 9B dnAtsBLT BPtrad cabtkidatien prckspiland dpproxireadied to
enhance diffusion of carbon into the workpi ece surfaces. 2%1. é rocess for
| ow t enperl&8 hewrsgddver dhabppriod pigtine. ey pabpystzation SEPCTARTE Bird 81 nig 'si ng

acti vat i ngghhg, 58 3¢ GRi10fthd Bé1cURFakiBl BF €0 Vabedudéd oinz 68k 116 NMkeant hese
surfaces pervious to carbon atons and then contacting the workpiece with a
car buri zi ngagdamcawvitathesthedule inithe fellowineziahls terperature sufficient to
pronote diffusion of carbon into 5 fhgegurfaces of the article but
insufficient to pronpte substantial Tornmation of carbide precipitates in
the articld Saracks” whef el n2aflt &r |cdr Hufd Zati dn ¥ s| af | é4s{ '10% conpl et e
as neasur ed-pythe-anprntaet ona TRy sk ovY TH0Es WeEKpieces®nl f aces but
bef ore car buTricggt T oM 66| 3dYd CORPI afsa, car burli zexti om | sténtéprupfed and t he
wor kpi ece is reactivated to enhance diffusion of 10 carbon atons into the
wor kpi ece surfaces. 21 22 29 April, 2004 ._The f i Z2,
wherein after J&F BOEkPiesE sOFRPWize] Washey cog /0%6°r?{2‘1 %@é&gﬁt?es%lgf%%@ !

car buri zatg:ohcé 8 pRaketGavRL & herdetarshifice Ziad. b \¢se) spprovimatelyt @3 isahdletthe

wor kpi ece is reactivated to enhance diffusion of carbon atonms into the
wor | cpi eceheense beiagessontiallyrfige ¢fcaOMEPTGIPIRESY m 22, whexein during the period

begi nnjng s after carburization has begun and endi ng when
carbur%?za;ﬂ%%%&lr—s substantially conpleted, the only tinme the c%{%&wi zation
C

tenperature dr dpemplsrievashensatet exaeptibat dip RPpETZaiop SPARTAEC 3P WA
substanti al, f or TRL e@R POfiif 3 mRldeFedRag kR Jfh®fleWrddipifaRgiafid ayproximately

0.003 inch deep was produced. In addition, the concentration of CO in the parburizing

gas was maintained at 1.0% between 168 and 240 hours. Under these conditions, 240

20  hours of operation were required to achieve a case of this thickness.

Example 3
An AISI 316 stainless steel workpiece, after cleaning to remove organic residue,
was activated by contact with 20% HCI in N, at 550° F for 60 minutes.
The activated workpiece was dried and then heated to 880° F by contact with a
25  continuously flowing carburizing gas composed of a mixture of CO, H, and N,.

Carburization lasted approximately 24 hours over which time the concentration of CO In
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5 during reactivatio~n of the workpiece. . 25. A process for case hardening
a wor kpi ece by gas carburization in which a workpiece electroplated with
iron is contacted with a carburizing gas at an el evated carburi zation
tenperature to cause carbon to diffuse into the workpi ece surfaces thereby
forming a hardened case of predeternined thiclmess) wherei poaigriep0ds
carburization has started but before carburization is conpleted
earburization is interrupted and the workplace is contacted with a purging
gas consisting essentially of an inert gas at a purging tenperature bel ow

600 F so that the case forme fo r r their
the case f}’r‘?a"tarl?}dt’i‘ﬁ?tli’nh$a\7 VBLERFO 2 fromde%/nq gu%/cggg%{caﬁahl Qﬁ"&ﬁeﬁgﬁgg ng g:as

26, The praorBacOFitcihaisthetyle whe &illowingdablerlkpl ace contains iron, nickel or
both, aad further whcreiit the carburizing tenperature is Iowered from an
initial carburizing tenperature to a final ~carburizing tenperature so as
to achi eve faster carburization thafaieg si ble for carburixation carried out
at the final carbuizi g,/f terperptare—onrty 125 T Therpiogess of claim 1,
wher ei n the wor kpiregseofha 594 95 TH70Kabks Or10RQT N3 andzfjurtttcr wherein
t he conRcentration of the carburizing specie 1 n the carburizing gas is

| ownered froman initial concentration to a final concentratl ge %UI’I
carburizati on Ibe werkpisceshiaehpaized wasrthuy copled &0 FREHICHBLENE WA {5pne

carburi Zat | hdflc€ &1 E‘(Sd%gt Qzﬂlﬁng a ga’}dgl%d AR¥tick (QQ%ca'@e)aippfdiﬁnafttlﬂﬂ oooohaeht rati on
only and PeSs°s0 eneration than possible for carbur Ihl on .carried out
at the i nldhemlthmmamehelnat ¢S€fmt1@ib1 yiee X, carpide prgripitates o I“él mBAMGEHer e 0 t he
wor kpi ece to bte ca}rs L{I’I zcd is trade fromstainless steel, wherein the
surfaces SFPPREVBIRD ece to be carburized are activated to make these
surfaces [Bamplus to carbon atons, and 5 wherein after carburization is at
| east 10% conplete as, neasur Bt @b KARFDBN chdkigibp By the

wor kpi ece surf aorlg P W f)‘epgaq%(g%)ﬁceﬁ ggd?tl)“gtn i's 80%Scon8 ete) carburization
i s interruyaivadzand ;{rbkfesy\makmtmtedsbyrteammtmﬂéel floy enfenad ‘iﬁl’P\‘“?ﬂJg’ieon of
carbon atons_into th rkpiece surfacesr29%0of el RAL &&iRd & the hahifg21,

wher ei n th‘@ﬂﬂﬁ?‘k"ﬁf’ée@ %‘5’5"&%’%@ I ze The% Z /T?& om st ai nl ess steel,

wherein t swrrta@ﬁea&ufgfthé Werkpec ki faes, and tlhﬁewmplbeﬁr tempera@reaVadesyhted by
contact with iron to make these surfaces per. EPOR vk Q8hd and 5
wher ei B af 358 Fc s 0P mipwghatilese Souytioasy B n%d@g?gts 8% urization is

conpl et ed @arbulst 2&irbAhately 0.061@5 finthldeep ams dclneh/ed Wwothk sie empunt ob HEECt ed wit h
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following claims.
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hour after carburization has begun and ending when carburization is substantially

(}
completed, the instantaneous carburizing temperature is maintained within 200° F of the

temperature at which substantial formation of carbide precipitates will begin.
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temperature at which substantial formation of carbide precipitates will begin.

7. The process of claim 2, wherein for at least 95% of the time beginning 1
hour after carburization has begun and ending when carburization is substantially
completed, the instantaneous carburizing temperature is maintained within 200° F of the

temperature at which substantial formation of carbide precipitates will begin.

8. The process of claim 7, wherein for at least 95% of the time beginning 1
hour after carburization has begun and ending when carburization is substantially
completed, the instantaneous carburizing temperature is maintained within 100° F of the

temperature at which substantial formation of carbide precipitates will begin.

9. The process of claim 2, wherein the workpiece is made of stainless steel,
and further wherein the surfaces of the workpiece to be hardened are activated prior to

carburization to makes such surfaces pervious to carbon atoms.

10.  The process of claim 2, wherein after carburization is at least 5% complete
as measured by the amount of carbon taken up by the workpiece surfaces but before
carburization is 80% complete, carburization is interrupted and the workpiece is treated

to enhance diffusion of carbon atoms into the workpiece surfaces.

11.  The process of claim 10, wherein during the period beginning 1 hour after
carburization has begun and ending when carburization is substantially completed, the
only time the carburization temperature drops more than 100° F below the temperature at
which substantial formation of carbide precipitates will begin is during treatment of the

5 workpiece to enhance diffusion of carbon atoms into the workpiece surfaces.
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10  the initial concentration only.

13.  The process of claim 12, wherein the concentration of carburizing specie

is lowered in increments at least twice between the initial and final concentrations.

14.  The process of claim 13, wherein the concentration of carburizing specie

is lowered in increments at least five times between the initial and final concentrations.

15.  The process of claim 12, wherein the final concentration of carburizing

specie is less than 50% of the initial concentration of carburizing specie.

16.  The process of claim 15, wherein the final concentration of carburizing

specie is less than 25% of the initial concentration of carburizing specie.

17.  The process of claim 16, wherein the final concentration of carburizing

specie is less than 10% of the initial concentration of carburizing specie.

18. The process of claim 12, wherein the workpiece is made of stainless steel,
and further wherein the surfaces of the workpiece to be hardened are activated prior to

carburization to makes such surfaces pervious to carbon atoms.
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the workpiece is contacted with a carburizing gas at an elevated carburization
temperature to cause carbon to diffuse into the workpiece surfaces thereby forming a
hardened case of predetermined thickness without formation of carbide precipitates,
5  wherein after carburization has started but before carburization is completed

carburization is interrupted and the workpiece is treated to enhance diffusion of carbon

into the workpiece surfaces.

22. A process for low temperature gas carburizing a stainless steel workpiece
comprising activating the surfaces of the workpiece to be carburized to make these
surfaces pervious to carbon atoms and then contacting the workpiece with a carburizing
gas at an elevated carburizing temperature sufficient to promote diffusion of carbon into

5  the surfaces of the article but insufficient to promote substantial formation of carbide
precipitates in the article surfaces,

wherein after carburization is at least 10% complete as measured by the amount
of carbon taken up by the workpiece surfaces but before carburization is 80% complete,
carburization is interrupted and the workpiece is reactivated to enhance diffusion of

10  carbon atoms into the workpiece surfaces.
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an inert gas at a purging temperature below 600° F 5o that the case %onned at the end
of carburization is harder than the case that would have been formed without contact

with the purging gas.

26.  The process of claim 1, wherein the workpiece contains iron, nickel or
both, and further wherein the carburizing temperature is lowered from an initial
carburizing temperature to a final carburizing temperature so as to achieve faster
carburization than possible for carburization carried out at the final carburizing

temperature only.

" 27.  The process of claim 1, wherein the workpiece contains iron, nickel or
both, and further wherein the concentration of the carburizing specie in the
carburizing gas is lowered from an initial concentration 1o a final concentration during

carburization $0 as to achieve a harder case than possible for carburization caried out
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29.  Theprocess of claim 21,

wherein the workpiece to be carburized is made from stainless steel,

wherein the surfaces of the workpiece to be carburized are activated by contact
with iron to make these surfaces pervious to carbon atoms, and

5 wherein after carburization has started but before carburization is completed

carburization is interrupted and the workpiece is contacted with a purging gas
consisting essentially of an inert gas at a purging temperature below 600° F sc.) that the
case formed at the end of carburization is harder than the case that would have been
formed without contact with the purging gas.



