WO 2011/ 009463PCT/ DK2010/ 050194 1 Title: A nethod of activating an article
of passive ferrous or non-ferrous netal prior to carburising, nitriding
and/ or niwpaerrdesedsi ng Technical Field 5 The present | RCEMK201/0581%tes to
a nethod of activating an article of passive ferrous or non-ferrous netal.
The present invention also relates to,a nmethod of carburising, nitriding or

nitrocarburi si ng an article V\/ni ch as h1as been activated in accordance vm'th

t he presen round sur,

of i Fon and s A Moo petftds B carugle or pagalve iy Pr, Bt agts, ristar "

wel | - known ppmd:esammsm'g, Initciding anddongitcadaurising si ng, respectively. 15
Nitrocarburising is a process in which a gas carrying both carbon and
nitrogen is used. These processes are traditionally applied to inprove the
har dness arfMécheizal Fiekl st ance of iron and | ow all oyed steel articles. The
steel article is exposed to a carbon and/or nitrogen carrying gas at an

el evated tenperature for a period of tinme, whereby the gas deconposes and
car bon and/Toe mesenogﬂentmoetateﬁ bfmsethohraiwgﬁwaﬁihg astaﬂixile sﬂpamﬁe fembus @0 t he
steel mater| ﬁ-lfer -Il-.th rg igg S ée veng ? r IQe ?C(f 5‘Scatbr ?‘lnlﬁf or med
into a |ayéP Wit A5 Raptb /el e qialpe b e o ol 3 1Py
depends on nittiding oeattroearbutising en @rtinle which east rasaltqwprdctivatee naacbdrdimnce with

conposi ti on of ther”glas m xture. US 1,772,866 (Hirsch) discloses a process
t

for nitridi ngprgﬁe en}'%n of iron or 25 nolybdenum steel in a crucible with

urea. The article and urea are introduced together in the crucible and then
heated to %ac%gp n%&rte sufficiently to rel ease nascent nitrogen from urea.
Dunn et al rocess for Nitriding Steels", Transactions of the A S
M, page 776- 30 791, Septenber 1942, dlscloses a process for nitriding

steel s usi %eﬁea erHE:SI Wage ?rgat?nc n?s ofa'§on an hta/nrhgans:%fcpklnovm cgro(ia | ve

amoni a upon i g and' becatse I's easy n°One
ar r angenentcasphg daseare welhlerm\/edprtoogmebecalludtriﬁndlhg os tcemlurising | rebpedtinely,
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an external gener at O was Sup ur nace
35cont ai ni Agesdprosessls age traditienally applied to improve the hardness and wear reS|stance

of iron and low alloyed steel articles. The steel article is exposed to a carbon and/or
nitrogen carrying gas at an elevated temperature for a period of time, whereby the gas
decomposes and carbon and/or nitrogen atoms diffuse through the steel surface into
20 the steel material. The outermost material close to the surface is transformed into a
layer with improved hardness, and the thickness of this layer depends on the treatment

temperature, the treatment time and the composition of the gas mixture.

US 1,772,866 (Hirsch) discloses a process for nitriding an article of iron or
25 molybdenum steel in a crucible with urea. The article and urea are introduced together
in the crucible and then heated to a temperature sufficiently to release nascent nitrogen

from urea.

Dunn et al. "Urea Process for Nitriding Steels", Transactions of the A. S. M., page 776-
30 791, September 1942, discloses a process for nitriding steels using urea. Urea was
selected as a cheap material known to evolve ammonia upon heating and because it is
easy to handle and store. In one arrangement solid urea is heated together with the
steel article in a nitriding furnace. In another improved arrangement the urea was
heated in an external generator and the evolved ammonia was supplied to a furnace

35 containing the steel article.



WO 2011/ 009463PCT/ DK2010/ 050194 2 Chen et al., Journal of Materials Science
24 (1989), 2833 - 2838, discloses nitrocarburising of cast irons by

treat mrentwaizdphi/pa at 570C in 90 min. It is stated thaPCumetiVESsmegi at es
at tenperatures of between 500 and 600C i nto carbon nonoxi de nascent

ni trogen and hydrogen. 5 Schaber et al,, Thernochim ca Acta 424 (2004)
131-142 (El sevier) anal ysed the therm% deconposition of urea in an open

vessel and found, a, nupber of. different.decogpositd.o odu i ncl,udi ng
cyani ¢ aci éhegy%ﬁl'i c@&qa&c’fa%&qria‘&eg‘:ﬁnﬁ? e?l,) (jpr%l ﬁ?g’%aﬁdﬁééq’aﬁﬁsﬂ?%uri ng
t he heat i ngitaicatbargieg af caist frofis byrtré3thenbowdb Oéa dtGB 70U it 90méa. lityis statdaisthant i al
anount s of NH3 are.ftorm?g bg t he di{&etrent corgaggéotgj on su%—reacti ans.
Subst ant i al'"€UBISPAERTE AT AP BINRT PHREUESR Ahdt nPERCEPOR BYSH
occurs at thesgnt aitroyers aad bydro@s0C. Accordi ngly, during the deconposition
of urea,.it is not conpletely known which 15 internedi ate products occur
and how' ong tine each of them occurs before a further deconposition takes
pl ace when Schelseri st healbermozhingcs evctd W2ds(20p4) d3500L. (Elsevigat aehalpseet the .

[ Journal of, Anal ytical and plied rolysis 87 010) .34-44 n sed t he
thermai - deduRaLEETaRPTtof ol 4 PR B555efat FRdE roireth ST RE o
20 and i nvdevasapakiiommposd uctso ingludidg atyanias a&idN, cybiBicaradidCGaminelidd, t biucitng and
ni trocarburj si praxi s the actijvatio f the.surface prior a

reatmont. ramaferedl et aing s Belag, foirtiadBRenion! +3° BN ur e
rangi ngld r dwiditibgalyc aLbstant@b@nGunts plulit; keeé dovnicdebyithe diffieregt ietorapasitiur | si ng
tenperature,, For .hi . al . sel f- j [ i al s

pr o ox dat o TSt e sy B fEeh o AR gl e el B AiryRsRobibog i,

t enper at ur ecairs whiectpenatureis dibngg 250°Cocar buri sing can be carried out w thout
avoi di ng the devel opnent of alloying elenent nitrides. Various alternatives
for the activation of self-passivating stainless steel have been proposed.
30 EP 05884&8ordirglyarduringtthal dgcodipssitios ed @earptthiodnalf completelyi kgpvausthéahi ti c

steel c LSl NG, ' a Lt ' ss st ' I | nes

i tor i coNpaAiE PR bk e w8y IbAL MBSt Thesh slhut BT ESErEY e

f I uori nat edeeorspaesitiani tekest @acH wise weedd heatedatoriepemiturgs ap os)H6re at a
tenperature below 450 Cto forma nitrided |ayer in the surface |ayer of
the austenitic stainless steel. In this tw stage process the passive |ayer

of the 35 $lakldd etal. [Jowehl of Anblyteal asd Pppifest Ryrotpsis i 1(20'W) BA-4i ianelysaht ai ni ng
surface | axd themél%%cbrﬁposition of formamide (HCONH,). The reaction is rather complex

20 and involves decomposition products as HCN, NH; and CO.

In nitriding and nitrocarburising praxis the activation of the surface prior to actual
treatment is often established by an oxidation treatment at a temperature ranging from,
typically, 350 °C to just below the nitriding/nitrocarburising temperature. For highly
25 alloyed self-passivating materials the pre-oxidation temperature is very high and
appreciably higher than the temperature at which nitriding/nitrocarburising can be
carried out without avoiding the development of alloying element nitrides. Various

alternatives for the activation of self-passivating stainless steel have been proposed.

30 EP 0588458 (Tahara, et al.) discloses a method of nitriding austenitic steel comprising
heating austenitic stainless steel in a fluorine- or fluoride-containing gas atmosphere for
activation followed by heating the fluorinated austenitic stainless steel in a nitriding
atmosphere at a temperature below 450 °C to form a nitrided layer in the surface layer
of the austenitic stainless steel. In this two stage process the passive layer of the

35 stainless steel surface is transformed into a fluorine-containing surface layer, which is

permeable for nitrogen atoms in the subsequent nitriding stage. The fluorine- or



perneabl e for nitrogen atons in the subsequent nitriding stage. The
fluorine- or WD 2011/ 009463PCT/ DK2010/ 050194 3 fl uori de-cont ai ni ng gas

at nospherwOi20sgl0p46does not provide nitriding of the staPOTEAIQOIBNESE]94
article. Addition of hal ogen- or halide-containing gases for activation is
a general nethod and is known to beha§ aggressively towards the process
equi pnent interior and can lead to severe pitting of the furnace, fixtures

and armatures. 5 EP .1521861 ( Songe )
case- har derieeaiaRg o8 g isEl sy L e ldhd R MR est bon
and/ or ni t stegearticleh Addibiyn oahdﬂogeraml/nendeqd:dntajge@ gatemior drtiviatisre ist dngoneyhl t he
surface of t rticle, the c ase- har d ried out below.a .
enper at ur SeGAER Sl BETRTR AR Y dlerdf Ui Fioatit e R aterigy 10
i ncl udes a@hd\can igag tt bevese pititrgeofdiie fuheacar fixtakes andpphstureg. a top | ayer on the
actlvateg surface to prevent repassivation. The top |l ayer includes netal
which is catalytic to the de-conposition of the gas. W2006136166 (Soners &
Chri sti ansé&®) 1521861 Semess, mebhpdlsémesl a)\mettlensq)efr e&se#mrdéwimgaatntarimlsimgteelf an
allothh% Fr)omumc]p smcll.luﬁngcrg a?fc') Qr r}f bcrén r?t{)rnltro
unsat ur at e fiydPolar ol ga 89 (RS drared’ r?%?o% Thon"gas fTect Vel y
activates ftgee aﬂ;mmé drtfes@}hromfohhalsudbce biathexa%e Itageaseahafdamhg isacargedourr ce of
car bon forbepbsquﬁptrqrrSénw uisgargg a&p FQF éq edn% anIes
acetylene i's OUs8daRa T He Ju |on > €h ur|S|n8(198 rﬁ nges
from 141thoirrciudes a7c2ivdit'mgr the sAnrfaE@ af the ragtitle da{pm&mgja top Iayrpl gn tige aul:axatenir at ed
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t endency for soo |ng, carburi sing process
and pr eventds-apotpositibn ofthetges.car bon content in the steel. In order to
sup-press the tendency for sooting the tenperature has to be | owered, which
results in even longer treatnment tinmes (cf. above). 25 EP1707646B1

di scl oses &VaRIMEHB616G (Sahensa&i Crishibinsaet) a:liscmﬂefsaa:enqjhdmrfort lowntepedatoge or

car buri 5] N AGAE AP, GARLAIT) Dfkofifis SHEHASE o0 HarPEIY.515n A yBld 1 00"

cont ai ni'ng gas roddced i nt'o & turnace ’an o at
| east 300 Of uBsaturetedthydroceibioh wsrf’éteamrisamratadayqr@tarbmgbseﬁentimuacﬂﬁmes

R N R L ke
of st ai nl esgbsaqeeht ortdimultarebus canburising. In the Ilsted examples acetylene is used and
the du-ration of the carburising treatment ranges from 14 hours to 72 hours. An
20 inherent downside by applying unsaturated hydrocarbon gas as a carburising medium
and as activator is the strong tendency for sooting, which effectively slows down the
carburising process and prevents control of the carbon content in the steel. In order to
sup-press the tendency for sooting the temperature has to be lowered, which results in
even longer treatment times (cf. above).
25
EP1707646B1 discloses a method for activation of metal surface prior to nitriding or
carburising. A carbon containing gas such as CO or acetylene and a nitrogen
containing gas such as NH; are introduced into a furnace and heated to at least 300
°C. By reaction with a metallic catalyst HCN is formed. For sufficiently high
30 concentrations of HCN (100 mg/m3) the passive surface of the metallic member is
activated. The examples shown describe activation of stainless steel; the diffusion
treatment is carried out at a temperature of 550°C, which results in the precipitation of
nitrides or carbides. The temperature for the activation is stated to be above 300°C for
a sufficient reaction rate between the carbon bearing compound and NH;. This method

35 therefore requires comparatively high temperatures needed for reacting the two gases.



treatnment is carried out at a tenperature of 550C, which results in the
precipitation of nitrides or carbides. The tenperature for the activation
i s statedwoaobéoasove 300C for a sufficient reaction raPeETHI2ANI0IHe
carbon bearing conmpound and NH3. This nethod 35 therefore requires
conparatively high tenperatures needed for reacting the two gases. WO
2011/ 009463PCT/ DK2010/ 050194 4 JP2005232518A di scl oses a surface hardeni ng
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t he presenoe tarsunfgcaidreéa dndgoafpoaitiommbdioe dreafedaartielbk anh itheofurahdeal Thireisear t h
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gaseous ni turngésérﬁ-%%'Beerrglsioﬁéepﬁ%éué%c@( ?ﬁés]g%rﬁ%g%b'lgﬁmni a. The alkali or 20

al kaline earth nmetal conpound may be an am de such as sodi um am de (NaNH2)

or cal cjum & e al i | i I nds
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Mar ch 2008, p%geg 93% Q%Méugcr@lé\&gecﬁzédrgg@rl W&r@ﬁ?ﬁgﬁ?ﬁ@‘é@h&mé%ﬁ% 6r‘rllkeer]11{ srsat
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(" Pl asma- asebtetdddgathemiithalhe\stged artictbeloas nitriding teimplratireaoh i4dn—a60006s Tass,
precursors’ %ﬁﬁ@gﬁ P ;\I%FR ; o Iﬁ m{ Q&@TE@IM 5 NL,
vol . 46, ng.]es ) Iglgy%lé@%,ﬁopage[sﬁg%%@m?%igl G the prl'o uct |r8%t$oc?f
wear - of nitrides is associated with a loss of corrosion resistance.
25
Hertz et al. ("Technologies for low temperature carburising and nitriding of austenitic
stainless steel" INTERNATIONAL HEAT TREATMENT AND SURFACE
ENGINEERING, vol. 2, no. 1, 3 March 2008, pages 32-38) discuss carburising and
nitriding treatments at low temperatures (350 - 450 °C), acknowledging the diffusion
30 Dbarrier of oxide layers. The preferred method for activating the article to overcome this

diffusion barrier is fluoridation with NFs.

Stock et al. ("Plasma-assisted chemical vapour deposition with titanium amides as
precursors” SURFACE AND COATINGS TECHNOLOGY, ELSEVIER, AMSTERDAM,
35 NL, vol. 46, no. 1, 30 May 1991, pages 15-23) relates to the production of wear-

resistant coatings such as TiN in low-temperature plasma-assisted chemical vapour



resi stant coatings such as TiNin |owtenperature plasma-assisted chem cal
vapour WO 2011/ 009463PCT/ DK2010/ 050194 5 deposition. In this regard, it is
suggest edwdDaougm®46dt ani um am de (Ti (N(CH3) 3) 4) t oget her PRIriDK2610a05D194
substrates at 200 - 500 C to establish such a coating. Stock et al. are
silent on any preceding steps for act i5vati ng the steel surface. Stock et
al. exclusively rel ate to t he productiton of a coating, but are silent on
case hardenl n nodi.f.icatio f an exi sti.n t.hr h
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second O 13&3 5 SHTRE 6'?85 FHORHEF Bt o provi de a safe nethod of
activating an 15 article of passive ferrous or non-ferrous netal, said

met hod mnlmsm heal th risks ?r!t theg\prese

i.S f
i nvention ' 5Y S s g IBDEH B aé’t”iox‘}'at e'aﬁﬂpéf‘?%‘? for g 5 P%‘eﬁ%rrous
or non- ferrfmpam\aited awnclerprlnsetd]cmwmsmgs nttodlag}or nmboafrbdrisirmg,lseata@maumn or to
subsequent 58 I‘IiSi ng. Inltrrl di rf]f% ol rl’]l(ljtsg carburising. It is a fourth
obj ect of the ?o e IV ENT IO 0 ?ow & a method of activati ng an

articl ellof passive ferrous or non- ferrous metal, which nethod is
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ni trocarburi Sing VEn W and unique way P whi ch
one or nor effafent hretraidmfaemmmng aenadicEyfeatsivafeeroas dr esgstetrous meetatet hod of
activating an article of passive ferrous or non-ferrous netal, 30 which
activation conprises heating the article to a first tenperature, heating at
| east one diospaecdna objedl afitimg preisentdgeamtiamdb paviders sdie mestmaf ofeacticatingesh
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speci es,” and cont € ar aseous wherei n the
l\VC—corrpound conprises at |east four atons. 35 WO

2011/ 00946%@4%9&]9&%?% Afe?ent invention to provide a method of activating an article of
passive ferrous or non-ferrous metal, which method leads to an improved activation
prior to subsequent carburising, nitriding or nitrocarburising.

20
It is a fourth object of the present invention to provide a method of activating an article
of passive ferrous or non-ferrous metal, which method is conveniently coupled with

subsequent carburising, nitriding or nitrocarburising.

25

Summary of the invention

The new and unique way in which one or more of the above-mentioned objects are
addressed is a method of activating an article of passive ferrous or non-ferrous metal,

30 which activation comprises heating the article to a first temperature, heating at least
one compound containing nitrogen and carbon, hereinafter called N/C-compound, to a
second temperature for providing one or more gaseous species, and contacting the
article with the gaseous species, wherein the N/C-compound comprises at least four
atoms.

35

In another aspect, the present invention relates to a method of carburising, nitriding or



nitrocarburising an article of ferrous or non-ferrous netal, wherein the
article is activated by the nmethod according to the present invention prior
t o car burwei2ag/oomeBri di ng or nitrocarburising. 5DefinitiPCAOKRS10SEI4her ei n,
the term"activating" refers to the conplete or partial renoval of a
diffusion barrier on a surface of an ticle of passive ferrous or
non-ferrous material . Typi cal ly, the ffusi on barri er V\,i I I conpri se one or
nore oxi de lLayers .which faf anetot h ﬁ]hmag.tlof a

di f f usi on |”&§%?quH§P%b?/‘ Fr%céeir S"P‘rHSe %e’u’%‘[ eppg melly Wi ?r?'ﬂs 5n?of"°ni% r ogen
and/ or car hotivatet loy theenethdd atmrding feaibe ptesenhigverdioe phiar esairtngising, nitriding
carburi si n% l’tlltl’l di.ng or nitrocarburising. As used herein, the term
"N C- conmpo F.leop%r]bgp% ‘0 a chem cal substance, i.e. a 15 nol ecul e,

cont ai ni ng at Ieast one carbon atom and at | east one nitrogen atom As used
her ei n, hg |ﬁ|r!|m 'gaseous species” refers to gas nolecules, i.e. one or
nore chém tances existing in the gas phase as distinct fromthe
solid phase or the | i quid phase. 20 Am des are derivatives of oxoaci ds in

o o o o Ao SRR Yo [T B el RO S ol o et Fomattt 3 oL o &

the pr esentdlﬁwsmertiarme“r oreb aueacd of an rmtchaodf pdssavetferabs nngnemfemnohs chaterdd].
passi ve fer O|U§I Orhen8|r13fufe”boH|Serr\7vFT‘l CO |Whel crpe arctl vatlI n,San SRS l{lggtal ng
the article’?§ a}'ft §8rflrpgrature rﬂ%ést % at Moeast %rluaé' Surid

cont ai nithg hinidraregetn taecéstaa»hstjmpent:w d’lélff&fslﬂaﬂayer thmébyerdnﬂ‘dﬁr(ﬁgcmenmmedatidm a
second teg%ﬁﬁ%ﬁfws on rnﬂ%g{e\é' S AorPhtd 'eearﬁ"&gggrllle?ces&?r%l N a’sﬁv%%gde&l)nrgpound

contactin e ar € gaseous speci es; "wherein
conpri ses ebtyclaemmsmgpumldmgmitroﬁamﬂmia@ly, t he inventive rret hod is used to
activate an article prior to subsequent case hardening by carburising,
nitriding or

As used herein, the term "N/C-compound" refers to a chemical substance, i.e. a

15 molecule, containing at least one carbon atom and at least one nitrogen atom.

As used herein, the term "gaseous species" refers to gas molecules, i.e. one or more
chemical substances existing in the gas phase as distinct from the solid phase or the
liquid phase.

20
Amides are derivatives of oxoacids in which an acidic hydroxy group has been

replaced by an amino or substituted amino group.

25 Detailed description of the invention

In a first aspect, the present invention relates to a method of activating an article of
passive ferrous or non-ferrous metal, which activation comprises heating the article to a
first temperature, heating at least one compound containing nitrogen and carbon,
30 hereinafter called N/C-compound, to a second temperature for providing one or more
gaseous species, and contacting the article with the gaseous species, wherein the N/C-
compound comprises at least four atoms. Preferably, the inventive method is used to
activate an article prior to subsequent case hardening by carburising, nitriding or
nitrocarburising. Generally, the N/C-compounds used in the activation method of the
35 present invention may be selected among compounds having a single, double or triple

carbon-nitrogen bond. Preferably, the N/C-compound is a liquid or a solid at room



nitrocarburising. CGenerally, the N C conpounds used in the activation

nmet hod of the 35 present invention nmay be sel ected anbng conpounds having a
singl e, AWORDHE/MP468ri pl e car bon-nitrogen bond. PreferablPgT/niKe1045C9¢o0npound
is aliquid or a solid at room WD 2011/ 009463PCT/ DK2010/ 050194 7
tenperature (25 C) and atnospheric pressure (1 bar). This facilitates the
handl i ng of the N C- conpound and i ts ?(S)ssi ble introduction into a heating

appar at us sed | d .of present v i.op. ..Si.nc the :
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handl i ng. of _HCN | s, no | onger, cessar 10 The ase us sp cr e ng
from t n NP EOMEREr B IS FREY Hie Saetongberivs 20 Nt e
same, or themle(ﬁad:drqm&uerd thais vmlu(ulsually tgmemua donfined §hamegax:®oa$ asfperace,s are
transported g]thne(jeasrtr cl. i&ent! sua ttr (gysage h%s veov\anndlcpvatlconr\r/]e ti Ve, rﬁcas
transport, é“ﬁ e co tacterﬁ‘ R . “Pr rr“eral?‘l Phe™Fl ng§ § the
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25 prior manufacturing process. Self-passivating materials are materials that passivate
themselves generally by the formation of an oxide layer on the surface, which
effectively hinders the incorporation of N and C into the article. It is believed that the
passivating feature(s) or oxide layer is/are effectively removed or transformed during
contacting with the gaseous species derived from the N/C-compound in the inventive
30 method. Thus once the passivating feature(s) or oxide layer is/are removed the
incorporation of nitrogen and carbon into the material as is necessary for case

hardening by nitriding/carburising/nitrocarburising is possible.

According to a preferred embodiment, the first temperature is higher than the second
35 temperature. In particular when urea is used as N/C-compound it has been surprisingly

found that activation is greatly improved if the N/C-compound is heated to a second
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lead to a better distribution of the gaseous species throughout the furnace and to
improve the uniformity of the treatment.
35

According to another embodiment of the present invention, the article is heated to the



20 According to a preferred enbodi nent of the present invention, the

N C-conpound is an am de. The amde is preferably netal -free.

Accor di ngvocor/aweked pref erred enbodi ment of the present PCHDE2DI0NN5019%4he

N C25 compound is selected fromurea, acetam de and fornmam de. According to
particularly preferred enbodi nent of the present invention, the NC
conpound is urea. Based on the experinents carried out with urea it was
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employed for heating the article. Therefore, in embodiments where the first and the
second temperature are the same, i.e. where there is no difference between the
temperature to which the article is heated and the temperature to which the N/C-
compound is heated, it is preferred to heat the N/C-compound as rapidly as possible.
15
The rate of the formation of the gaseous species derived from the N/C-compound
depends on the temperature, but may also be modified by use of a carrier gas in the
heating apparatus and in a spray of the N/C-compound introduced continuously or
discontinuously into the heating apparatus.
20
According to a preferred embodiment of the present invention, the N/C-compound is an

amide. The amide is preferably metal-free.

According to a more preferred embodiment of the present invention, the N/C-

25 compound is selected from urea, acetamide and formamide.

According to particularly preferred embodiment of the present invention, the N/C-
compound is urea. Based on the experiments carried out with urea it was found that
particularly active gaseous species are formed when urea is used as N/C-compound,

30 particularly when heated to a temperature of 135 — 250 °C.

The present invention is based on experiments carried out at conditions by which a
passivated article is exposed to gaseous species derived from a heated N/C-compound
such as urea, which urea is partially decomposed due to heating. It is believed that the
35 passivated surface of the article is depassivated by one or more of these gaseous

decomposition products. It is hypothesised that the active compounds are free radicals



Accordi ng to another enbodi nent of the present invention, the first
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where a | ajyaast one bourone grows into the existing material. In the case where

25
It is suggested that the inventive activation method could also be used as an activation
treatment for other surface treatments, including thermochemical treatment other than
carburising, nitriding and nitrocarburising, as well as coating by for example chemical
vapour deposition and physical vapour deposition. Furthermore, the inventive method
30 could be the first stage in a series of treatments, combining carburising, nitriding or
nitrocarburising with subsequent coating or conversion of the hard zone or compound

layer obtained by carburising, nitriding or nitrocarburising.

In another aspect, the present invention relates to a method of carburising, nitriding or
35 nitrocarburising an article of ferrous or non-ferrous metal, characterised in that the

article is activated by the method according to the present invention prior to



15 no compound layer is fornmed in the subsequent carburising, nitriding or
nitrocarburising treatnment N and/or C are dissolved into interstitial sites
of the exwetnngoesspstal |attice. This provides an excel PEMDIK20TAS) A

bet ween the hard zone and the softer starting material. Also a gradual
transition of the properties of the nE%aI to the properties of the hardened
zone is an inportant feature enabled Dy the inventive nethod, particularly
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The best performance requires a gradual and not too steep transition building up a
bearing strength supporting the very hard part. This is obtained with a carbon profile
under nitrogen. The solubility of carbon is much lower than that of nitrogen and carbon

25 will always be located deepest.

Based on experiments, it was found that a desirable gradual transition is obtainable by
activating and subsequent nitrocarburising with urea or other N/C-compounds in
accordance with the inventive method.
30
The inventive method is especially suitable for the nitriding or nitrocarburising of self-
passivating metals which usually form an oxide skin or layer on the surface. Such oxide
skin inhibits the dissolution of the material into surrounding liquids or gas. Thus,
nitriding, and to a lesser extent nitrocarburising, of self-passivating metals was difficult
35 or impossible by prior art methods based on treatment using the same compounds

during activation and subsequent nitriding/nitrocarburising treatment.



15 According to anot her enbodi nent of the present invention, the
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urea powder evaporates stepw se eco osI't 0 gaseous
i nt er nedi ataesadadevat i ng (depassivating) the surface of the article.
Thereafter, 25 as the tenperature increases, the gaseous internediates are
further deconposed to the deconposition products providing the final
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Accordlngto an er” enbodi nent t e article {Teated in the

f ur nace andemperatures during carburising, nitriding or mtrocarburlsmg This method results in
shorter total treatment times compared with conventional nitriding and nitrocarburising
methods of the prior art, together with excellent combinations of technical properties for

35 the treated articles.



mai ntai ned at a tenperature of between 350 and 500C and the C/ N conpound,
e.g. formam de, is introduced into the furnace by a carrier gas or by a
doser. Fowgenild®9iod the formof a liquid is fed into theCTianashi4an

el ectroni c doser or by a pressured feeder system Wen the liquid enters
the hot furnace it rapidly vaporizes ff\gd forms 35 gaseous species which
activate the article. After the articl®e is activated, nitrocarburising can

be perfor ,h the s s.mxture or, in a different gas mxture. .It is
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N C- conpoumhdensefticibotly depassigdtedin toé fitshetage tof attwatidhatsa lawgr tenipecgeane. and/ or

car bon cé;nt aining material known to be usable for carburising, nitriding or
r

nitrocarburising can be used after the activation. Depending on the actual
articl e toAseotdingabd edothrdemhedichesi ofebe predeptriopation ahe shing NéGhodipvand iscan be
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profile. a temperature of 400 - 500 °C for case hardening using urea as nitrocarburising agent.
In this case the actual compounds responsible for the nitriding or nitrocarburising are
believed to be (partly) decomposed. In any case can the same starting material be
used during the complete treatment including the activation and the subsequent
15 nitriding or nitrocarburising. Hereby, a low-cost and simple operation of the complete
treatment is contemplated since the same furnace, the same installations, and the

same compound is used, and only the temperature is varied over time.

In one embodiment the article to be treated and solid urea powder are both placed at

20 ambient temperature in a furnace and the furnace is heated continuously to an end
temperature of between 400 and 500°C while a carrier gas, for example, hydrogen gas,
distributes the evolving gaseous species throughout the furnace. During the first part of
the heating, the urea powder evaporates followed by a stepwise decomposition to
gaseous intermediates activating (depassivating) the surface of the article. Thereafter,

25 as the temperature increases, the gaseous intermediates are further decomposed to
the decomposition products providing the final nitriding and/or nitrocarburising of the
activated surfaces. Such further decomposition is accelerated when the temperature
exceeds 500°C.

30 According to another embodiment the article to be treated is placed in the furnace and
maintained at a temperature of between 350 and 500°C and the C/N-compound, e.g.
formamide, is introduced into the furnace by a carrier gas or by a doser. Formamide in
the form of a liquid is fed into the furnace by an electronic doser or by a pressured
feeder system. When the liquid enters the hot furnace it rapidly vaporizes and forms

35 gaseous species which activate the article. After the article is activated, nitrocarburising

can be performed in the same gas mixture or in a different gas mixture. It is believed



The chem cal nodification changes the mechanical properties locally and
thus the entire performance of the nmaterial by its final application. The
conposi t i 2prighp4ee | eads both to a hardness profil e an@#Cr®roprsHike of
resi dual conpressive stress. The hardness profile is decisive for the
tribol ogical properties (i.e. fricti on, | ubrication and wear) 20 whereas a
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Di schar ge ggtl CglfleXI ssi on Spectroscopy (GDCES) depth profile of the sane

article as T H gur ®2a, 5 Fi gure 3 is a cross sectional mcrograph of an
articlellf martensitic stainless steel whi ch has been activated fol |l owed by
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4a is a cross sectio m crograph en5| i Cc Stafrnless
steel 10 \Mmbtdmdmbjoﬁmmadtodvrﬁtcadodrlelngomﬁwmyomnrltrooaraurhmng acaurdimg tdither ea i n

hydr ogen a%r&s%ﬁ?%@e%ﬂohn Ir%)égr%t ecﬁlairacteristics of the articles obtainable after the
carburising, nitriding and/or nitrocarburising the articles, which have been activated by

15 the inventive method are an increased hardness and especially the hardness profile.

The chemical modification changes the mechanical properties locally and thus the

entire performance of the material by its final application. The composition profile leads

both to a hardness profile and to a profile of residual compressive stress. The hardness

profile is decisive for the tribological properties (i.e. friction, lubrication and wear)

20 whereas a suitable profile of residual compressive stress improves the fatigue strength.

The invention is further illustrated in the following examples together with the drawing.
It should, however, be understood that the specific examples are merely included to
illustrate the preferred embodiments and that various alterations and modifications

25 within the scope of protection will be obvious to persons skilled in the art on the basis
of the detailed description.

Brief Description of the Drawings

30 Figure 1 is a cross sectional micrograph of an article of austenitic stainless steel which
has been activated followed by nitrocarburising with urea in argon as described in

example 1,

Figure 2a is a cross sectional micrograph of an article of austenitic stainless steel
35 which has been activated followed by nitrocarburising with urea in hydrogen as

described in example 2,



Figure 4b is a G ow D scharge Optical Em ssion Spectroscopy (GDCES) depth
profile of the sane article as in Figure 4a, 15 Figure 5 is a cross

sect i onalwgieriggpeph of an article of PH stainless steelPCRDKZNMES19een
activated foll owed by nitrocarburising with urea in hydrogen as descri bed
in exanple 5, and 20 Figure 6 is a cr&sss sectional mcrograph of an article
of titanium which has been activated | l owed by nitrocarburising with urea
i n hydrogen as described in exanple 6. Figure 7 is a cross sectional

m crograph of an article of AISI 316 austenitic stainless steel which has
been act i v&igde £blis av@dwIDischiatgeoOptidal Endssigh Spddiroscasy @D@ES)cdaptie drafie 25

exanple 7. Fj,0. 8 is.a cross. sectional mcrograph of an article of AISI 316
austenitic® t*%ﬁ?ﬂbes%”'@?é‘&'” %F@ﬁé%as been activated foll owed by
nitrocarburising with formam de as described in exanple 8. 30 Exanples

EXAMPLE Ni tyocarburising in pure urea_gas.and.inert argon carrjer gas:
aust eni 11 ¢ TP ] B8R cliefo g Rtorans S5 A0idh o5 mietno S el 6 e
article of whidt déas theensactivateds®llsved |byAhiBloc@b6risiag witht tomairb bydegdn ias a
tube fur nace br}eg I cla@dian Iggigon gas over, initially solid, urea while heating
from roomtgﬁ% legtu% 0 440 Cwithin 45 mnutes. The initially solid urea
was positioned at the inlet of the tube 5 furnace. Upon reaching 440 C the

article was. cooled to roomt.e rature in.argo a(sr( r%n.'thi. 10_m nut es.
The total TRARARSE DForRa KA ACrEuoyBrh & Eatlinf M ' lghsite shifloss’s el
10 which has been activated followed by nitrocarburising with urea in hydrogen as

described in example 4,

Figure 4b is a Glow Discharge Optical Emission Spectroscopy (GDOES) depth profile
of the same article as in Figure 4a,

15
Figure 5 is a cross sectional micrograph of an article of PH stainless steel which has
been activated followed by nitrocarburising with urea in hydrogen as described in

example 5, and

20 Figure 6 is a cross sectional micrograph of an article of titanium which has been

activated followed by nitrocarburising with urea in hydrogen as described in example 6.

Figure 7 is a cross sectional micrograph of an article of AlISI 316 austenitic stainless
steel which has been activated followed by nitrocarburising with urea as described in

25 example7.

Fig. 8 is a cross sectional micrograph of an article of AISI 316 austenitic stainless steel
which has been activated followed by nitrocarburising with formamide as described in
example 8.

30

Examples

EXAMPLE 1
35 Nitrocarburising in pure urea gas and inert argon carrier gas: austenitic stainless
steel AISI 316



Figure 1 is a cross sectional mcrograph showing a 10 pmthick expanded
austenite layer. The outernost part of the expanded austenite |ayer is

ni t rogen wRpandwset0 austenite, and the innernost | ayer PCI/Dipiydrsomxpanded
austenite. This result is highly surprising because it is unparalleled by

t he known prior know edge on nitridi ngé nitrocarburising (or carburising) of
austenitic stainless steel wth respe to the devel opnent of a well

defi ned expanded austenite layer of this large thickness at this
tenperature in such a short tine span, regardl ess of whether the treatnent
i s carriedAb5article obyustergticsstainesosteal AISASMEwas siticeutisebin retobe fuxaleRyE 2

Ni trocarburising in urea gas.and hydrogen.gas;.austenitic stainless, steel
NS 316 o RirhePy baS Byt fupBhs LS BRan  Baf Mgrae il Boud
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gas (Ar) within 10 m nutes. The total thickness of the hardened zone is
about 22 pm The m cro-hardness of the surface was nore than 1500 HV (as

measur ed WFidura 1l isadcrots 2Bctigphal iveograph sdwidg st #0 phethickséx@ahddthdustetiter dness
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r espect10velaystanite, smovwhe liratermbs layeraés nadbn leapandedesustantite OGfEs resytias dayhly
austenite, .t he i nost .|l a ar bop. expanded steni.te... This
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t hi ckness menpdreturain suvhsa sleorpématspeer, negardiass sfi @tnethes tier tredtmest spEamjed
regar dI%ss 09[ %%\Qgggeeoiusto ?p‘ial[sh?rfb% n%ttea t?eéi%reﬂ.]ed out by a gaseous or a

pl asma- assi's reatmen esses 0 is magni tude are usually
achi eved at tenperatures well below 450 C for treatnent tines over 20 hours

5 EXAMPLE 2

Nitrocarburising in urea gas and hydrogen gas: austenitic stainless steel AISI
316

20
An article of austenitic stainless steel AlSI 316 was nitrocarburised in a tube furnace by
leading hydrogen gas over initially solid urea while heating from room temperature to
490 °C within 45 minutes. The initially solid urea was positioned at the inlet of the tube
furnace. Upon reaching 490 °C the article was cooled to room temperature in argon

25 gas (Ar) within 10 minutes. The total thickness of the hardened zone is about 22 pm.
The micro-hardness of the surface was more than 1500 HV (as measured with a load

of 25 g). The untreated stainless steel had a hardness between 200 and 300 HV.

Figs. 2a and 2b are cross sectional micrograph and Glow Discharge Optical Emission
30 Spectroscopy (GDOES) depth profile, respectively and show that the outermost layer
was nitrogen expanded austenite, and the innermost layer was carbon expanded

austenite.

This example demonstrates very surprising results on the background of the known
35 prior knowledge on nitriding/nitrocarburising (and carburising) of austenitic stainless

steel with respect to the development of a well defined expanded austenite layer of this



EXAMPLE 3 Nitriding in urea gas and hydrogen gas: martensitic stainless
steel AISI 420 An article of martensitic stainless steel AISI 420 was

ni t r ocar bwioi2eHdoP483a t ube furnace 10 by | eadi ng hydr ogelrCgas2ows0imi tial |y
solid urea while heating fromroomtenperature to 470 C within 45 m nutes.
The initially solid urea was positionig at the inlet of the tube furnace.
Upon reaching 470 C the article was cooled to roomtenperature in argon gas
(Ar) withi hICk ss of .t he e zone is a pm
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articl e andortleaimerthiendsavde@®tdoreone of expanded martensite. 20 Also this
exanpl e denonstrates highly surprising results considering the known prior
know edde on nitriding/nitrocarburising (and carburising) of stainless
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t hi ckness Rt ensi tic st st ee era uch a
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by | eaditng blyyeadimgehydyageroygas over drdtiallyi sobid et wlm@ rﬁeamng froonrdoenteen@ratues t o
470 C wi t h| . e i r n t he
foiet of 64 GG Pl Es e hGebnr e Bty St el FRAERCRET VAR Y 1
room t enpeitaieufuenace. Mpgorregrasng( AT) °Gi mlalerltldé) wasnedogsl. toTivent kencpenatse of t he

har dened zqn m. 11/ 0 PCT 1
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nitriding/nitrocarburisin carburisin ETRTRCS

respect t o gh.Hehedenrebiedratainless staelalla liednase detveasard 06fandiod H\Gr ge 5

t hi ckness on martensitic stainless steel at this tenperature in such a
short tinme span, regardl ess of whether the treatnent is carried out by a
gaseous or Fig.d esaraross sestiondl micagrapmiof ab)ekiviRk Bnd shows the hardened zone of

expanded martensite.

20
Also this example demonstrates highly surprising results considering the known prior
knowledge on nitriding/nitrocarburising (and carburising) of stainless steel with respect
to the development of a well defined layer of this large thickness on martensitic
stainless steel at this temperature in such a short time span, regardless of whether the

25 treatment is carried out by a gaseous or a plasma-assisted treatment.

EXAMPLE 4

Nitriding in urea gas and hydrogen gas, martensitic stainless steel: AlISI 431

30 An article of martensitic stainless steel AISI 431 was nitrocarburised in a tube furnace
by leading hydrogen gas over urea while heating from room temperature to 470° C
within 45 minutes. The initially solid urea was positioned at the inlet of the tube furnace.
Upon reaching 470 °C the article was cooled to room temperature in argon gas (Ar)
within 10 minutes. The thickness of the hardened zone is about 25 pm.

35
Figs. 4a and 4 b are cross sectional micrograph and GD OES depth profile,



10 Nitrocarburising in urea gas and hydrogen gas: precipitation hardening
(PH) stainless steel An article of precipitation hardening stainless steel
(Uddehol mvGaptizned463) was nitrocarburised in a tube furn®CE/DI201080i9Q
hydrogen gas over urea while heating from 15 roomtenperature to 460 C
within 45 mnutes. The initially soli([i urea was positioned at the inlet of
the tube furnace. Upon reaching 460 C?he article was cooled to room

tenperature_in _argon ga ithin 10 minytes. The total, thi.ckness of the
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such a short {i span, regardl ess of whether the treatnent is carried out
a(grpernj.

by a gaseofﬁrs? pl asma- assi sted treatnment. EXAMPLE 6 30 Nitrocarburising

in urea gas and hydrogen gas: titanium An article of titanium (a
non-ferrou%l)éA%O‘;Lé)gssi vating material) was nitrocarburised in a tube
furnace by i Ng "hydrogen gas over initially solid urea while heating
from r oim Nitrpearburisingc imnureaugas | and hyd8&iyeG gas:hprecifitationuhasienifige (PH)
initially ss%'h% grs%aetlwas 35 positioned at the inlet of the tube furnace.
Upon reachi'ng § he article was cooled to roomtenperature in argon gas
(Ar) within 10 mnutes. The m cro-hardness of the WO

2011/ 009463PCT/ PDK2010/ 050194 19 rf.ace_is higher, th 1100 boad 5 g),
ahi i st 1 no R odr ereatad yag e RS iR DaRRL (e, £ et e, O
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obt ai ned. zone isFabgut B0 um. a cr oss sectional m crograph and shows the

af fected surface region 10 characterised by solid solution of

nitrogen/ carbon in Ti.
20 Figs. 5 is a cross sectional micrograph and shows the hardened zone of expanded

martensite/austenite as well as a few hardness indentations, which indicate the
appreciable increase of hardness (the smaller the indent the higher is the hardness).
This result is highly surprising because it is unparalleled the known prior knowledge on
nitriding/nitrocarburising (and carburising) of stainless steel with respect to the
25 development of a well defined layer of this large thickness on precipitation hardening
stainless steel at this temperature in such a short time span, regardless of whether the

treatment is carried out by a gaseous or a plasma-assisted treatment.

EXAMPLE 6

30 Nitrocarburising in urea gas and hydrogen gas: titanium

An article of titanium (a non-ferrous self-passivating material) was nitrocarburised in a
tube furnace by leading hydrogen gas over initially solid urea while heating from room
temperature continuously to 580° C within 45 minutes. The initially solid urea was
35 positioned at the inlet of the tube furnace. Upon reaching 580 °C the article was cooled

to room temperature in argon gas (Ar) within 10 minutes. The micro-hardness of the



EXAMPLE 7 Activation with pure urea and inert argon carrier gas, and
subsequent nitrocarburising with pure urea and inert argon carrier gas,
Aust eni t iwoSvaiaeb43s 15 Steel AISI 316. A tube furnace RCTDK2/Seryar at e

heating zones was applied, i.e. the two zones could be maintained at two
different tenperatures. Inert Argon g was introduced in the furnace by a
controllable gas flow neter. The initially solid urea was placed in the

first 20 heating zone |n t f ace inlet d the AlSI 316 artjcles were
bl hoed i n eAEn G SRR, i G0 s A5, o e 106 hEEAd Men i P e o
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to the artirdieedtan betiver pariceidof depasdivatiamas déreomsttated by the veryksipdrt aut 300C
for 5 hours }‘Ccl)r %?rti Vrﬁtriis”r(r]gnttrhef sH{quclg.dAfter the activation period the
articles wgﬁe q%at 8F o A |?a}@8ar%u?|%|'ng tenperature of 400C. The
articles were kept at the nitrocarburising tenperature for 12 30 hours and

wer e nitro|c_arb rised in the,.degassi ng rod?cts fr mtrf!fectlei?quirg urea.
S

Cool i ng to T%hoh Pefp¥Pat (P& WS P&l GOF TIPS Joh AYTAR [ than

10 m nutCes chataetesis¢d by sdideatitiamafl yigegerigarbgt incldl m cr oscopy. The total

| ayer thickness was 15 pm The outernost |ayer was nitrogen-expanded
austenite, and the innernost |ayer was carbon-expanded austenite. 35 WO
2011/ 00946 BXAMPKR @10/ 050194 20 stainless steel which has been activated

fol |l owed by, bitr rising wt r S cri ve 5
Activati onAggfggég@gé@Heﬁtﬁ Ir‘pni %‘}r@gcgp u(r?'?esr?n% t ﬁ:a‘Prgért deanadrfﬁ%ﬁsleélgf‘ ént

ni trogen caitrocarbgesingAwith ore ureaSirad ineesargsneadrrigt Gas,JAstEaidie Biainless
nitro- c%,r blértéaiﬂg Yas performed in a tube furnace equi pped with gas fl ow
meters tor accura%e control of the gas flow and a liquid flow nmeter for
accurate control 10 of formam de flow The tube furnace was flushed with

Fo o temperabir 1l RuRNe bafartledlantfd 2Pliiefaf SorBy o PRI SHISLENNG The
nitridi ng tempeinttinadeat twogdiffdreht teveprraterasanarnArgedugasdwhby irdrquiuodx irdihreect | y
T
20 heating zone in the furnace inlet and the AISI 316 articles were placed in the second
heating zone. The tube furnace was flushed with pure argon gas and the solid urea
was heated to 150°C, where it is a liquid, and simultaneously the articles to be treated
were heated to 300°C. The heating rate applied was 20K/min. Throughout the
experiment, the urea liquid solution was kept at 150°C; the gas decomposition products
25 in this temperature regime are believed to comprise HNCO. The gas decomposition
products from the liquid urea were transferred by the inert Ar carrier gas to the articles
to be treated (downstream). The articles were kept at 300°C for 5 hours for activating
the surface. After the activation period the articles were heated to a nitrocarburising
temperature of 400°C. The articles were kept at the nitrocarburising temperature for 12
30 hours and were nitrocarburised in the degassing products from the liquid urea. Cooling
to room temperature was carried out in argon gas (Ar) in less than 10 minutes. The
articles was analysed by optical microscopy. The total layer thickness was 15 pym. The
outermost layer was nitrogen-expanded austenite, and the innermost layer was carbon-
expanded austenite.
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Fig. 7 is a cross sectional micrograph of the resulting article of AISI 316 austenitic
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rate of 20K/min. After reaching the nitriding temperature, liquid formamide was
introduced by a probe directly into the hot zone of the tube furnace where it
instantaneously vapourised. The articles were kept at the nitrocarburising temperature

15 for 16 hours and were nitrocarburised in pure formamide gas/decomposition products
thereof and inert nitrogen gas. Cooling to room temperature was carried out in nitrogen
gas in less than 10 minutes. The article was analysed by optical micros-copy. The total
layer thickness was 35 pm. The outermost layer was nitrogen-expanded austenite, and
the innermost layer was carbon-expanded austenite.

20
Fig. 8 is a cross sectional micrograph of the resulting article of AISI 316 austenitic
stainless steel which has been activated followed by nitrocarburising with formamide as

described above.

25 The above description of the invention shows that it can be varied in many ways. Such
variations are not to be considered a deviation from the scope of the invention, and all
such modifications which are obvious to persons skilled in the art are also to be

considered comprised by the scope of the succeeding claims.



21

CLAIMS

1. A method of case hardening an article of stainless steel, a nickel alloy, a cobalt
alloy, a titanium based material or combinations thereof, the method comprising:

- providing a heating apparatus having a first heating zone downstream of a
second heating zone, the heating apparatus having a gas inlet and a gas outlet for
providing a passage of gas through the heating apparatus,

- heating the article in the first zone of the heating apparatus to a first
temperature in the range of 185 to 500°C,

- heating in the second heating zone of the heating apparatus at least one
compound containing nitrogen and carbon, said compound having a single, double or
triple carbon-nitrogen bond, which compound is liquid or solid at a temperature 25°C and
a pressure of 1 bar, said compound hereinafter called an N/C-compound, to a second
temperature, which is lower than the first temperature, and which is in the range of 135 to
450°C for providing one or more gaseous species,

- establishing a passage of gas using a carrier gas that is non-oxidative to the
article for contacting the article with the gaseous species to activate the article,

- and successively heating the article in the heating apparatus in the presence of
the gaseous species to a carburizing, nitriding or nitrocarburizing temperature which is at

least as high as the first temperature and which is below 500°C.

2. A method of case hardening an article of stainless steel, a nickel alloy, a cobalt
alloy, a titanium based material or combinations thereof, the method comprising:

- providing a heating apparatus having a doser,

- heating the article in the heating apparatus to a first temperature in the range of
185 to 500°C,

- introducing at least one compound containing nitrogen and carbon, said
compound having a single, double or triple carbon-nitrogen bond, which compound is
liquid or solid at a temperature 25°C and a pressure of 1 bar, said compound hereinafter
called an N/C-compound, into the heating apparatus by the doser,

- allowing the N/C-compound to vaporise to form a gaseous species and
allowing the gaseous species to contact the article to activate the article,

- successively heating the article in the heating apparatus in the presence of the
gaseous species to a carburizing, nitriding or nitrocarburizing temperature which is at

least as high as the first temperature and which is below 500°C.
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3. The method according to claim 2, wherein the N/C-compound is introduced into

the heating apparatus by a carrier gas that is non-oxidative to the article.

4, The method according to claim 3, wherein the N/C-compound is introduced

continuously or discontinuously into the heating apparatus.

5. The method according to any one of claims 2 to 4, wherein the N/C-compound is
liquid.
6. The method according to any one of claims 2 to 5, wherein the first temperature

is in the range of 350 to 500°C

7. The method according to claim 1, wherein the difference between the first

temperature and the second temperature is at least 50°C.

8. The method according to any of the preceding claims, wherein the N/C-

compound is an amide.

9. The method according to any of claims 1 to 4 or 6 to 8, wherein the N/C-

compound is selected from urea, acetamide and formamide.

10. The method according to any of claims 1 to 4 or 6 to 9, wherein the N/C-

compound is urea.

1. The method according to claim 1 or claim 1 and any of claims 7 to 10, wherein

the first temperature is 250 - 350 °C.

12. The method according to claim 1 or claim 1 and any of claims 7 to 10, wherein

the second temperature is below 250 °C.

13. The method according to claim 1 or claim 1 and any of claims 7 to 10, wherein

the second temperature is 135 - 170 °C.

14. The method according to any of the preceding claims, wherein the article is

contacted with the gaseous species for at least one hour.
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15. The method according to any of the preceding claims, wherein the same N/C-
compound is used both for activation and for subsequent carburizing, nitriding or

nitrocarburizing.



