; e3el FAH6~T4< 1 A METHOD OF CARBONI TRI DI NG METAL ALLOY Cammwlmmcw
PRESSURE DESCRI PTI ON Technol ogi cal field The subject of thi is a
met hod of carbonitriding nmetal alloy conmponents It is particul afgye
applicable to the carbonitriding of steell conponents, particularly high
chromum steels 5 that can be used in high technol ogy industmi

autonobi |l e industry. State of the prior technol ogy Car bonitrIllwmmmnmmmm

t her mo- chemi cal process 10 involving the sinultaneous diffusion,of carbon
and nitrogen fromthe surface of a ferrous alloy in the solid state.
Generally it is carried out in a sealed furnace, in which a controlled

at nosphere i s AMRTEHOTEQF TTARBINIUERIRING | METAUcALDOYf CAMBONBYES @ds 15 to
which is added, if required in ord o ﬁﬁ;@é t he desired carbon
potential, a carbon enrichment gas,Mti on, a nitrogen containi ng
gas. Generally, the support gas is an endotherm c generator gas conprising
an al kane, which is oxidized to car i CO 20 since the oxidation
is carried out with less air than \/\M@Eired for the stoichionetric
reacti on which would convert all the carbon into CO2. The gases which are
used can be nitrogen- net hgng[ T’xtures or endotherm c m xtures based on
hydr ocar bon aff p9icabstielfescribed in "Les Techni ques de

1' I ngeni eur”, ML2268 Qfudfdbe Juby 1994 [MvenSPod5152 SI nhkdCe st he
traditional nethod uses_atnospheres_which all contain oxygen due to the
presence of craxkrnieridindtnohasdf abboyTREMBRRGESESr el eased by the
deconposi tion of ; r caxi.gat i i ich, on
t he one hand sl om]é@ﬁlsc%%fggélt'#%tr?gnggggégrégg% g%g,tq{)en%ixlel%ot ﬁfi%%% | eads
to structuresfvhfttedr coopeRGtS t Partel grekbdiaky chigpr gaomiamn gftedks
treated cenp , I X €, t i | t; I e hat
corrponentg 10t atcgaﬁebga?bg%rftlrlf%gia&?nt%ﬁ%lggy\g ya?'ga%%gtrqgfgten u?ﬁ%zed as
they are, wi tadwhencirilerthdnseny. retouching of the surface. Document FR-A-2
663 953 [2] describes a method and an installation for the case hardening
of nmetal alloy 15 conponents at | ow pressure which avoids the presence of
oxygen. This Stateretstihe peitdni yeehholeger has never been considered for

carrying out carbonitriding.treatnments. 20 Egscript'on ,of .the invention The
subj ect of this i%ﬂ‘?%ﬁ’?@ll&gcarbﬁnit?g di G FBPREESE al PRI to
avoi d t heopr esersier g haiid uls imygehebiid Ngifeud Ted "o £ hefdfsdn t raad ment
for diffusion of carbon and nitrogen into the netal alloy 25 conponent.

Accordi ng t o BHEFIIRRNEFGR, the FFHGESf Ot arhohfFFPHRng étval 18| It53e

conmponent s coisl 4 SsPht8UbjaRGid Nl 1SAT 8 CAORERESed 0 dute At horsf1aa f uel
m xt ure made %ethyl,ene m rogen and tq the 30 actiqn of a |
nitriding gas &t i ng-of a & a PN ET esSLHRIPHR hPatsind at

a tenperat ur gnDintfd BB @RPOHhe 780 mbeph@®eC.i sShhaldd Sdp Sbf a3 sippdiits Jud hod,
carbon is supplied by the direct dissociation of a_hydrocarbon, in this
case et h}Pendo it ificadgafined greiifhate QREEF FRcAGRIHMR TR

ni trogen Suppigks Si&dsc4 FO8h! F%t@h%%ﬁ@.',até WL orRMBRPE Bhref8S gald! aaRPr dance
with the heat activated reaction . 2NH3 -> N2 + 3H2. Accordifig to the

i nvention, fom taddlieienonit Niginegery expEminindegpenpeneyeds Yyuséddiair e

hi gher than t ual Ly.us f ' ype [ ' are 10
generally int I’%"BEH %f lgr(;%% 4%@%%}{%6%%? ?ﬂ?ﬁgéﬁ%g%gf }[Me}l erlggtlﬁlr%s used
in the inventaronalkhaedi swbérht i bh raictiznd otot heaghnonimenexide CO

t her nodypam cal t I Is inetigs: are ow,. .Bec . thi t here
still r e?rgi nsﬁé’ln%reon?%gt 8’%@9"%&’3‘. l;ls%c%%%gﬁégt ot%l he\q&lo%goggﬁg, gl\f%/r]{i ?hhc‘an
gener at es actwareldhdstenequitedgéor thei stborhtibmetréas areadidtoramivivla can
be used to supplys;the nitro ) t ot he n th act tha is
wor ki ng under"‘Po?uel uc%%lm.’%?%sggrﬂ e ta oém]‘a:rboonrg {%Pgeggfi t%PrEo%%ts NE 5’6%9%12;5

passi ng W t hiard heuglear gecah a speechipmaden-hdaitandat ofittherels ssemration
ki netics. The essure, used can particularly be within the .range of 10 to
100 hPa. One STHRE T HEr TAEe AR BgBe=6r (T HETHOEE BPOPhands TR on | <
to be abbg taeridsdrited sinf ates ofethrigaapodent ' Thg@aikair“gnd11iIp6H t r ogen
within a tenperature,range that ii ch broader, from about 750 to about
1050C dependi®h@™ort4 hedBhYi ¢RRENt '$équence being considered. In effect,

maki ng use of the ethylene 30 dissociation reaction at | ow pressure allows
one to supply carbon from 750C upwards and therefore by reducing the

tenperature e agpsdenefit fromthe nuch




SP 15152 SL 4 greater nitriding power of anmmonia since the availability
of atom c nitrogen, which is useful for diffusion, is nmuch greater. This
allows one to increase the possibilities for surface enrichnment in carbon
and 5 in nitrogen. Hence, according to tlkee invention, desired degrees and
dept hs of enrichment in carbon and in nitrogen can be obtained by choosing,
in an appropriate way, the flow rates of ethylene and of ammonia, the
tenperature 10 and the duration of the treatnment by the fuel m xture and

the nitriding gas,as a fupctiop of,.the alloy that. constitutes said
conponent s. Accorsj'lj'?rf'ncbet 0 ?ﬁ% iﬁgéﬂ#&ﬁfﬁﬂheﬁe&m&i A nFEEFRRELE ri ed
out by subj ecthighsalll ecemreientsxyget hauédb t3 NBld apeeyenaet o@n of tdhe fuel
m xture and the ni%#i di ng@gas, or by subjecting said conponents to the

successi ve acti®n DPriaklPlel Ofi xChre ZHG t REVEST | SR M thR&t nent

can al so be cEddRsoHLEIOY S¥bjtard i 00 2@aSd G S0BRLRERES KA daf@on of
si mul taneous action of_the fuel mxture and the nitriding gas and then

subj ecting tHett t cS¥PRLackhdRbof GFe rfilei dPRG gB3NEI 0RAOWFhed® stldps can
be repeated ajuk Aed o 1dy 006 apabheroiStAE Gtiler eind| QWakAL 850
tenperatures and 25 durations, wthin the ranges given above. Final I%, t he
met hod of t heSHHAHERDD c¥RiEHrake aAaEagificondio st speof meaharimabn
treat ment of ents upder ¥aedvBd allfhdniey hawe.been sybiected to
t he action ofﬁl?ﬁpe fuei ni xture and the nitri&i%’éD 30 gas.” Such a treé;l'trrent
can be carri ePriactat fatiameer aftir eshiewhd amut npsedt othdbutcomgsoEnigler
pressuresasth e .QQ. 1 5 e I S
capabl e %P bgcithnagpt r%gaﬁ eégl%%%ﬁ(e&(}nlew: odgglf t%%‘g%l %%Xti%%gcarﬁl@%g oc}aéévéa}%li ous
types. In panttiicdulzad ametkeyn ase, swéthsusndnyupechaniogd hetedicdnimpbal t.
Anong the st t od is 5 advantageously applicable to the

treat nent of eogét e%e esh%rgféé;%h be passivated and which contain, for exanple 2
to 9 % chrom um artunerttheFR+2a2 neAB OB 3st Hilnl dsscsilkeet sacorthiod rond or

exanple 9 to 18 % of rpm um:thanks to_the.lq r.essurg techni .

Further or e, et 1037 SACRRHL T6F S0t Sres SRABUEY 1k PEEAE aHrihed i n
ni trogenlbo adrpgnetsgy et that preasserehwdibh AvotiHe phes@niestente dHr
certain applications g{slsocilat ed with vveag, %lhese st.al nl ess steel s are used
in the case APESHEd SPaf e O (RAYSIIES hEPTERL G SattP ¥ 9% aBa %t P& Stent ,

t he har dened sigif aceochayeered vefyrri cdathy Lhgonidia cachribesi titlidihg
seriously harns the corrosion resistance of these alloys which are
naturally nott &AW ¢ bef ore case hardeni ng. Because, at the surface one
is able to substitute 20 part of the carbon with nitrogen, precipitates of
a different kind are allowed to formand they consunme | ess chrom umfrom
the mat r£%. PEEHIBERM Larrhe sBPYPRPEPR, go into solid solution in the
matrix, its benefdiLg LN A@N GOF L 05 Visdr in S, f; Q1 ei ng
al ready recogni zfggil.%l %%?%%%?e?@t h*'(r}gluer{:]hﬂi’lggnpﬁggi bj'%lr i %yf%?ﬁgn%gﬁ?gg%%) t he
i nvention al FeRhachesdistteelad 1aws t Ivsle S f & ilday dhea o e sened dedf wit h
the 0N rati gabhaloldefsed NEuDEY COOPLARLAS- LARLERS! L1 eS8 HRUGNLdror
exanpl e, 30 between resisStance to wear and resistance to corrosion. In
fact, by w deliiffgsilen tefperzbone arshgeitbggehe ipsositiie i ngtal stflilioywi ng

t oget her,in Lnpl e . way various sequences of carbon and/or nitrogen

enri chme% S%O%%’f%[ 6 either sinmultaneously or alternately, the

i nvention all owsActexdings eate vethevarimdentibon anchei t megdrodr adifent s
and this on a \é%:?\ﬁ.c‘i:itrvie Se ran%e ff S gel S, evenr{pa sive_ones.. 5 Anaqt her
subj ect of t FETPAESHAS SPek? coﬁ‘tpL fent S TREHES byc?PiF%sF‘rﬁt hSd. These
conponent s caubjectfiolg exadpd ecoappnannts twdelef ateébnt haf canfhel

passi vated conprising 2.to 9 % of chranm um icgh are enriched in_nitrogen
B Therr - sur FAGEURS (BA4ET aifel 050 NS Sty s v rSashy APBeetQr b
conmponends CcarRiicn NGf 9at hilfy YAty oghMcearE Kt i 68r ismhirthial &tt rogen on
their surface up to a_level of 4 %Eﬁ/ mass. In order to inplenent the
method of t hEXERFERE dESDrididtant (B HBR stdafted HBUBPE2FREGUMET dFfte with
hot 15 walls TN ' old walls, such as the devices described in
FR-A-2 663 95agl.bu%y 7\%%%(%‘6 1\(,a&’xstadrkr’pcIC'e, the nethod can conprise the follow ng
steps . 1) prelimnary evacuation of the furnace chanber 20 down to a
pressure of 10-1 hPa in a way that elinmnates the air, 2) filling the
chanber with nitrogen at atnospheric pressure, 3) charging the chanber

cont ai ni ng tgg qgtlgl &g conmponents and drawi ng a vacuumin the chamber to
about 10-Z hPa, "4) ﬁeatl ng to about the austenitization tenperature with
staging if necessary and holding this tenperature for 30 m nutes for
honogeni zati on of the conmponents, 30 5) introduction of hydrogen preferably
to about 500 hPa, or |ess depending on the type of furnace, 6) a

T o rc _a o S~ PR



7 a) a period of carbon enrichnment by introducing the fuel gas ethyl ene
foll owed by a period of nitrogen enrichnment by introduci ng amonia, or the
reverse, or 5 a') a period of carbon and nitrogen enrichnment by introducing
et hyl ene and anmoni a si nul taneously, 7) possibly an enrichnent treatnent,
anal ogous to that in step 6), or a diffusion treatnent under vacuum 10 at a
tenperature of 750 to 1050C, under a pressure of 10-1 hPa, for exanple, and
8) introduction of nitrogen into the furnace for the purposes of unl oading
it. It should be noted.that .steps nd 7). can . nepe d er.al
times if necessarlgl. %%%ng“%ﬁiﬂ&d&asgééc’gf J’[snegléPg%éﬁeb ndgggnmd}%cgtgses,

t he pressure disddwe ahiambepfi o pipdecadrlyoni imai tiedds ataabowttiz8 ehféa,. 20
Det ai | ed descr,ipt.i on .of errb?di mant% Q her_characteristics. and %J%va{zgjf ages of
the inventi o W™ erfet gE°Pr SHFEhE exXarpt @8 o1 B1ibBohi feRtE ™ whi®H 6tF ow and
which it is uidrsirndsapplyi seemborfidnl utie afli ¥€oplilapOsAS odnlaynnasith &r e
non-limtative. 25 In the exanples which follow, the alloys listed in Table
1 have bedn $Eft HhATCRRIHSS tYORE FOF bYSHRSETCAVELERsSEGFAR™ i Tabl & 1.
In these exanples, the general o ti I od descri bed above has been
followed for steps 1 to 5 and 30&2\‘}%n<j_92tﬁzep€%t6ﬂénd 7 have been carried out
using different Hoowndires tof Etdyirmentndnanfoni ahalsd cdiridfoeridnti dsiergiences
of enrichment__and/or diffusion. SP_151 SL 8 Iln all, the l.es, a

brel 1 nary ST A T35 SPORSFEtERRE B osotn BrSUSE R R hra,
at a tenperatugumldfy 8n3Ed 0fc30 thihst esypdhenf stiegpsciforand whictte saoza ri ed
out under the conditions given in Table 5 2. In this Table, the reference
nunbers & tEENRNALY uidedthrvieepgenoEpEEPTi 80 £RefPOconposi ti ons bei ng
given in Table 1.,4l a 6 rresp S 4 :
carbonitriding wﬁthr%l?%(rug?ﬁ%gas [ %%%%%ﬁ%nhg%aloﬂgt Eg?eﬁé%ae%é:lacﬁr'oni a
and step 7) itdea didifappohatieat neneaghtier vaefium the exampoadad and 4,
step 6) corr Qs . Nit I i Ngw Wit . S| i 0 j on of
et hyl ene andetg%m)m a;‘%é‘?lﬁﬁ%rt‘% a(c)iv(/ rgt e 325%%@??8%5 %E'sé agﬁ"ﬁ% di ng
treat nent by Bmwamsiea alfonthisn exeemt estildndrémasingp symeoniaespond=to a
car buri sjng St Ditg.a nitridi ex S t

correspo!rngs {%r(}%és'oga%tﬁtoe)rﬁtgfcdi%émc%h spﬁurit'angggls:ﬁi r#ero u‘%ﬁ?%n%?:t(qﬂ)vezo

et hyl ene and nzmoenta, nbutoghe.f [Iow Lat €cof Em®Nreasowerlyathi ghmemdast ep 7)
is a diffusiaon_treat rre(r)lci under VAcUUM In exangl es 10 to 16, only step 6)
is carried oﬁtar\/\ﬁecllrlsce rte%psolﬁﬂ% o~ R At BHRITY T di ng with sinmultaneous 25

i ntroduction of ewnhytlkese cuitkranhanda fudie afpeci athaf bnee s eabekitian t hat
used for the previous,exagples. The results obtained in ch_exanpl,e, that
e to sy, T HEE oSSR BRRRRLS Corfth WHHNSF n Con MIE S FRO gen (1 n
% by mas3) f aseasde@ingheighiay:hi) ¢hepsedaar @ gipesd i grdabkes tharo 8.
The results o taig’%g i.n %_a les 1, to 6,on the traditional carbonitriding
variations ar&ad the B S3AGREGON BIAKLLeSthat can be obtai ned by

carrying out a nghenlpgassque GH&DNchhl Ga¥k idul £xBples witwif, tgrod
results are obtained on treating’gglloys that are richer in chrom um and
hence 5 nore 53888 V& 1% xahitf €730 to 16, it may be observed that one can
superficially achpaves¥erhehi hdit hagaAt¥aedesoM theShRitHRBSost @8les rich
in chrom um where the percentages of nitrogen respectively reach 2.86 and 4
% 10 ni t2Bged ViEnEiatpl 88 12 HRI 3BLeHERC LR 1FRgERS SWiiRGfar PLr &fi%aci ng
the surface caphherthi chnal |l ouspbayershd 0 ke obhaipegdewi t hypaiihcular
properties. The nethod of the invention is therefore advantageous since it

| eads to degreawesiatying cerrodStBAEI dRmaWCh Hitoader nuERCRI ghertt &P t hose
that can be %bt aigedtby C}{‘%F;r diti(gnal net hpods of carht_)oniéris%i ng_where the
ni trogen cont&ht 3°PR%t TP EE (he noSt FHott TR o “2 Réter ences
quoted [1] . pEaGkicHRs drdd ] nuene efécd) 1R2R1iBgoaskhef! 4hl ihy 134 25

[2] . FR-A-2 663 953 | )
30 dissociation reaction at low pressure allows one to

supply carbon from 750°C upwards and therefore by

reducing the temperature one can benefit from the much

SP 15152 SL



SP 15152 SL 10 Table 1 Steel CNi Cr MoVAI 20 NC 60. 171. 600. 8527 CD

40. 271. 00. 220 CD 120. 253. 00. 432 CDV 130. 303. 01. 00. 2040 CAD

6. 120. 401. BO. 251. 020 DN 34.130.203.03.5Z 15 CN |17.030.162.017.0Z 12 CNDV
120. 122.511.51.60. 30 Table 2 ExSteel Step46) Step 7)tti mneC=H~-NH3Pt t i neNH3P

) (min) (1/ h) (1/h) (hPa) (~C) (i n) (1/ h) (hPa) 120NC685D45503002585045- 0. 1227CD432
ONC68504550300258504510025427CD4520NC68504550300- 8504510025627CD4727CD4832C
VD1385045506002585045- 0. 19715CN17031020CN61127D41220CD121340CAD6. 1285036050
3002514712CNDV1215Z15CN1.7031620DN34. 13 SP 15 52 SL 11 Table 3 ExlﬁAlonZO
NC 627 CD 4D§ﬁ?ﬂf§5¢9«?@%¥ ing powe ammonia since

% mm) 0. 050. 5QR-30¥b Bl P2 4F. 1500mD0. Zilidkdpdh 2238.12%0. #50uEEFKR151602220. 35

0. 330. 0390. 470. 043cor e0. 190. 00590. 270. 0080 _Tabl ¢ 4 Ex34AII(X20 NC 627 CD
4Dept hC %N(%§Q%§u51cn, is much greater. This allows one td increase

%) 0. 050. 73029 0s I 50i 21 00e45¢ 560512080 £98n 1 888maBe. 30 .cbliéb918nd4020. 35
0. 460. 0490. 5| 0. 037cor e0. 190. 00590. 270. 0081 SP 15152 SL 12 Table 5

Ex56Al | oy20 N@& 63 XIZeDept hC YN %C %N

% mm 0. 050. 790. 1480, &20. é@éQré@Hg”cQa Q940. ¥§0e9€§9n25%e§610f&129@e§29e9280 35
0. 370. 00920. 440. 0l 2cor'e0. 190. 00590. 270. 0081 Table 6 Ex789Al | oy27
cm32®v1321@@;@.7dmm®tﬁ€: wm@hmnm gy carbon and in nltrogen can

% nm 0. 050. 6 2 5 g:%%;3:77 0 50, £40. 120.
550. 030. 330. 050. %BB%% 010%0 35 SP 1%%% t%3 ;alig'gz cRé
Ex10111213Al | NMWQO@DMA@@QD@IE@EB t AONGNLGE %he%;%pe/twsxre

9% mm) 0. 05Q. 9 0,810 86Q0.,510.8 4 0.770.
840, 250. B10. %8@28%3 d B3 R0ty ﬁ%%&“r%%ﬁ o 795, 35 27125 Boo. 040
. 450. 650. 200.2660. 24®. 810rQ40ng6 W01 02558, AN GAPrH10f | 5be4@11AR0. BHOE 01
Tabl e 8 Ex141516AlJ.0vZ12CNDV12Z15CN1 7. 0320DN34. 13Dept hC %N %C 9N %C 9N

% mm) 0. 050. 41‘5’“&‘5{3%1 tzﬁ%o%e.‘ o‘;%‘gﬁ?%éﬁg%m. 262. 450. 360. 530. 410. 251. 320. 071.
210. 080. 500. 310. MCﬁﬁlr@OtSWhGSG.rA&htﬂ:QﬁzA56he22&a&b@>n2&&1@401940©aﬂ10. 550
. 140. 030. 200.,040. 350. 0 SP. 15152 SL. 14, rq_A I\/Blci A onenq: o the
carbonitridi ;?ge m‘i?ﬁr S o?/u%o onﬁﬁ?g FATWhi T %ai S onentg are

subj ect eﬂsmﬁﬂmmla:c&nmmf actieh rrbfturtélerradﬂ;em ofnmthyleenamhd tlyelr ogen
and to the act,ion antridin as.b cqnsi sting.of al ressure
of I 605 t han 0T HERE APy 41 BHoEHRAR THS 1900 A BoTEn e, tRagts

met hod accor ¢ ddyi@aidation lohtkd fhelpmessuie iahd tdd 34200 Ay hPa.

3. A nethod according to any one of Clains 1 and 2, 20 in which the netal
alloy is a st8- 4. A nethod according to Jdaim3, in which the flow rates

of ethyl ene and amDRH»datdint eFPEr Al Hbebandakhe cdUichid &y Fudfecti tWEﬂt
by the fuel mxture and the nitriding gas are chosen in such a Oguﬂ]

- ni trogen?q5 &R HRFROPMGF n§Oul o HFBA- FREUS oRCERER s BFF &E
conponent i s AltAlRLhnd the nitriding gas and then subjecting them

to the action of the nitriding gas alone.

These steps can be repeated and combined with one

another using different flow rates, temperatures and
25 durations, within the ranges given above.

Finally, the method of the invention can comprise
an additional step of a diffusion treatment of the
components under vacuum, after they have been subjected
to the action of the fuel mixture and the nitriding

30 gas. Such a treatment can be carried out at a
temperature from about 750 to about 1050°C under

pressures that do not exceed 100 hPa.

SP 15152 SL



5. A nethod according to any one of Clains 1 to 4, in which the netal alloy
is a steel that .can .be passivated and which conprises 2 to 9% by mass 20
chromium 6. A nethod according to any one of Clains 1 to 4, in which the
nmetal alloy is a stainless steel that cobhprises 9 to 18% by mass chrom um
7. A method according to any one of Clains 1 to 6, 25 in which said
conponents are subjected to the sinmultaneous action of the fuel m xture and
the nitriding gas. 8. A nethod accordl ng to any one of Clains 1 to 6, in
whi ch sai d conpo t 18 Si t] t he
fuel mxture and t es‘ﬁlé%fgl dlLéﬁ! P‘%; ngﬁé odxggg %géﬁ%&aﬁg o%e of
Clainms 1 to @euhod./m:>éh txhﬂe wrvp@rb;em car é:@bj eft athrous tipeSP 15152 SL

15 sinul tane el X n e_niLLridi a t hen
2) to the ac %& aioc%d]tq%}:e %llgl cffglg g%és %?‘o%el% %&As%%kégiggggr ?ﬁang 0 any
one of d ai ms:nl tedhalx i n dmaly afther haa)uareglsubj aﬂieed trﬂnftlmirpornfmts to
t he aCtIOE of he .f uel i(tureﬁg e nptri |ng frp entls are
subj ect ed®t 0 3 EYFAFT B 1¥ e & fer “9ac er%’l % rom
about 750 to&ﬁ&ochh e "4 foth RESAr hAgwhechl abm-_amn \HArC e a1 el @
surface of said §ongon nt is enriched in |tro en ugnto a_content. of 2 % by
d

mass. 12. A fé&th R 0 A% O6 F CnhFEFP ERERE urPhc S e YA 3P

conponent i s sRidighedohbat Renyi tf&geaxumpu@ agcerd eng &f 4 Yodn-drESSEn
tature of fromabout 750 to 1050C. _A net hod according to

vacuum at a e
Caim5, in \Hi’iagﬁ‘st e stRF adEoPTEAIF T T orpoMRtTNes ERFFEREBCER nitiogen up

to A methed ageQntiamt tOF GhabM Btekl sWRlAbW e 15ath f e6epefl epglidhedmpenent is
enriched in nitrogen up to SP 15152 SL . ALH3E. A9Y. AL32. A Y. A9

E. AL3E. AQY. A% tASIEINEG B2 AdEindeduae ARra RB2D FRe23Bp 4L fi-
{val gb] X] ca] ca] cacalspl calLad&dd cad oad Ca] fé&ca]ﬁ];s@hcak%h%laﬂt%lr&al caJ ca

] ca] ca] c*a] cha] c”*a] cta CJcc’\a] cTa] caU] c<a |
&LMIVSG WKJ K|a\ﬁrsm¢c,1’a\tﬁ a‘]’é'é]lca’]e@é]rcai}}é%ﬁ%aFéa}lél&]Eéé] clesl eapta] @eﬁjetsﬂa] ca] ca
0L\ $$9

Lg(rﬂ ga]z]cﬂ gg%@:}% %%3 ﬁ%‘%(g?%%? %]%ca! cg] ca?%g] (jg" %ca ﬂéa?@é% ‘&? éia] ca]/(?:g
] ca] ca] cb?} capsapea] ‘é&?éé]ﬂéa}ica]t: & 9 surf ace ayer is VerY

/ z
] cg]( ((:gi )c;] Eafclg]hcajj%a]cggoﬁl]ucdé] ééfﬁ?iﬁg% ]c] ca %2}5 %cg%g'g} cg%ég% cal ?} /CS]OEg
M2r 22222t 5uS 8933963686 ECHEREPEBYRa 7 7Y 7{ hefsd Ukt apyal] cdlet) cadrea] cal] ¢

o o2l cal calcabealathoak gl oAl el il calgel ) el cobinl gl ool ool cal el e

| <7<9<=<><t <zupkBéZl§k:fs‘e[,U]a:1aU]:ha] calffeadec adna | da] cijlen] ta] cabsalteald ca) ca]
cal cal calgal calhcal callcal eatbeal catlcal galedlcaleal el aces of

t <u<$=3=B6=<=5=
AAAA) CCCDDEEAUEiEea'eWkf ~ kihficadwa] aa]loar]ada] 'cea] cajree] aalic ajlea} c aptalueal cal ca

gFlg;%]:%g}:lg?] ;l %ﬁi E%L%? f?%sﬂ Er%ef‘uﬂaélaf&]s(‘?a]l@a] cal ca

] ca] ca] ca] capeakcal el calnal Caddﬂax]ci:a]@cailﬁiﬁ:].@ﬁ] cithcatha] cahealiga] caleal cal ca
]ca] cal]ca 9F | K+t 1109 109&

-L, 109& 109& f#S.lO‘V
s100& ()-"31 V4§+%E21@‘i0(ﬁé‘£<(9%t”;’r§$&2n(1é%%& VXX iy %D(r%*

L4" 109X 2& (be&h%t alLQDé&d}) rddddrliPed () - =l JKLN
~\ LAY 109KX& Q[‘G Q4" 10%<k& ()- Yle%&Q- 10,10
10<MLO%&' () - ! nLATRERFEQTE).- thBqlgikeits) 1Elepgibihafpe (he qethedeof) - 093
.f?(i/“g‘(yé ) (;yLéhJeO‘V@feﬁhbM éﬂf@aé)t'ﬂe%elo%é&w) Jin~\tHd ¥ 18U&alle
layer to be provided with the C/N ratio that offers the
best compromise in properties sought for example,
30 between resistance to wear and resistance to corrosion.
In fact, by widening the temperature range, by the
possibility of stringing together in a simple way

various seguences of carbon and/or nitrogen enrichment
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“3s109& ()- 10 10 10<MLOY& ()-!y9$ "10%@3& ()- & zX6~\=!I Ll "109%& ()- 9% yLl
"10%-& ()-9% 1LI "109%7& ()- %Il "109%& ()-9% 1Ll "10%<& ()-% LI

"109%&' () - ¥X8DEz[ <1= 10<MLOY&' ()-610%& ()-zLI "10%& ()-% LI "10%& ()-9% 1Ll
"10%<& ()-%W LI "10%t<t & ()-%EFG ., dB= 50! LZ"10% (& ()- !LZ"10%(Vv(& ()-
|ELZ"10% (1 (& ()- 'LZ"10% (& ()- Ys10%& ()- 10 10, 0_xV4B= 1! " ' 10% (& ()-
1@" ' 10% (& ()- !, "“'10% (& ()- ! " '10% (& ()- " ' 10%& ()-

1LZ"10% (I (& ()- _kl mp6B~\: 1!19y3"10%8S& ()- ml! 9y3"10%] & ()-nl!;

9y3"10% ] & UR; 10( _10{ 1 g & < 1#1.$1 Wb+
1%<9104L;()f? S ﬁO¢%Héﬁ%S ﬂé??%$¥3 éﬁgﬁoié égtéi the 1nvention

L & () - ml! 9y 3 AT ) one! Oy 3CTRHUEES ¢ ryril v BE1 084 11851 ) anBi$!Atdder | #$$dB
10! L4" 109% ()TATIPIHoRRE GRLFLI PR FodREY (FL AT TS 189850 -F R () -
10 10$3A3$$8%0KRy Wk sive ones.

10! 6L4" 109 J& () - Z11 L4" 109 () Z1! @4" 0%5 & ()-Z1! L4" 10%& (/é Z1! $L4; 10%<x&
'()-Z1 L4 10WT&"“(’)° R&E SU je““’*{\ ouuRRYFRt 10991 o ()SE

10<: 10%& () -! components obtained b thlS method. These comp onents
La"109938 () - 211 512" 10%03¢ ()21 (zz,()u))wU3{\ ol k@l 110022 ()-1 L1 10% () -!
@.! 10%008’ () ¢%€Lllae%<ﬁ&r( jeXappipgcoyponent sofade (95 sfeel.that jcaixo.

10=9109%&’ () - !5’ pa ;Q{Q}Aée@) éc%r slﬂ@ e) dd 94" & Wdéﬁre)nlhm% which
109%QJ& () ->10%& ()-}, -,
10! 92" 10%&' ()axe 982*110%?@ . mtazmgemop) thenrowr(f)acssszm%@ @ -lerel

10. /E//7QbOlzC}§<_BB 5 g ai comeonen
10! 97" 10%&' () -, ! 92" 10083 () 2782 160 (3 '@Z" O%gg&'() 97' 0%&'() , 1397
"109Kk&' () - 1qcz¢m} Pg\to 1©8sfs1®h/xptp9umaowmch are” enriched in

10<: 109’ () -! - "10 21g3 g\ =

10! pL " 105/()77 (%Zoz?élh J%}é ?3‘927’%9%‘8%/2]3% ?)g %‘. :{«ggg% 0/53% ?’L%M

"10%s& ()-z! L " I0960dey - 2554 65Be0eDEESHBYmegdhod of the 1nventlon,
one can use a so-called double vacuum furnace with hot

15 walls or a furnace with cold walls, such as the devices
described in FR-A-2 663 953.

By way of example, the method can comprise the
following steps

1) preliminary evacuation of the furnace chamber

20 down to a pressure of 10 hPa in a way that ellmlnates
the air,

2) filling the chamber with nitrogen at atmospheric
pressure,

3) charging the chamber containing the metal

25 components and drawing a vacuum in the chamber to about
10"% hPa,

4) heating to about the austenitization temperature
with staging if necessary and holding this temperature
for 30 minutes for homogenization of the components,

30 5) introduction of hydrogen preferably to about 500
hPa, or less depending on the type of furnace,

6) a carbonitriding treatment which can be carried

out in different ways
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10! pLL3 10%& ()- 10 10 10<MLOY% () - 9-

109& ()-!!3(, 109 ()-9Y% 109%& () - HEP6VEX6[ 676a6dEj @ 10! pL~k 109%& () -1 ~k
109& ()-1~k 109& ()-1~k 109& ()-1~k 109& ()-110% () - a6c6f 6g606t 6Y6rS4j @
10! ~k 109%&' ()-11~k 10%&' ()-11~k 10%& ()-K5Wt, h ~k 10%& ()-1 ~k

10% ()-1y6~666666] > @ 10! ~~k 109%&' ()-1~5Wt,h ~k 100& ()-1~k 10%& ()-1 ~k
109 ()-1~k 109%& ()-166666660U @ 10! ~~k 109~k 109%& ()-| ~k 10%&' ()-1~k
109& ()-1~k 109& ()-1~k 109& ()- I~k 109 () -1 6666666r S4j @ 10|

109 () -1~k 10%&() | 10%&() 09& ) | ~k . 10%&' ()-15

6666666V\Wj @ 10! ~ @5& (R | ~P ()q F37RD - |gﬂﬁ mﬁPtm%i‘z’Y() | ~k
10%& () - |6666666541 _@ 10!irie Al dnlg | BMét flyetk gilaQQ/«Ee{:hytLehelQ%&l(dwé&k
109 ()-1~k 109%& ()] 66666660P @ 10! -k 10% ( % 109& () -1 ~k 109%& () | ~k
109& ()-1~k 109& ()-1~k ROO& &) Bexiadoget) - Pebyeoenyr ROrighrentk »

109%& () -1~k 10%& ()-1~k LM ddudirg Miodda) <o 100& £avboMi], Br7777

79) TVVI8] (@ 10! ~k 109 ()-1-k 109 ()-| K 10%&& )-L5Wt b~k 109 ()-1 -k
109% ()-157. 7/ 7071727%7)>j2 @0tk ahogayhorsend, pitrpgenygngyichuent

100 ()1 100 () -1~k 1Y (el LRI T VIR K@ 10kl MM | K
109% () -1~k 109& ()-1~k 109& ()-1~k 10%

LO%& () - | WX7Y7a7d7) 71 7 p PEMU@Rn eIl . () all 10%! & ()-all 10%! & ()-

a, 10%! & 1~k t 7

al! 10%)1&(%) all 1 %égf%éw fglwé%%gfgh%%ﬁzﬁo%%% =011 ABETE S - &8 100! &
'()-all 10%! &h(a)t; Axy 797ep > Tg@:r a diffusion treatment under wvacuum

aal! 10%! al! 10%! & al! 10%! & lal! 10%0! & 7777777 ?28@
aall 10%t g ()-af\ 1@%?%2’%%‘1’3%' %Wﬁ& (tgg a%ﬁgj ?&‘r(‘%’gﬁl%g?ﬁﬁ&u(f? £ 1090 &
() - 777777QUQ%8@hPa, for example, and

all 10%! & ()-al! 10%! & ()-MAEI 1 all 10%! & ()-all 10%! & ()-7777777dD8@
all 10al! 10%! & (Pla1inbvedRcriorlaoplreyerl e &he) -H1rmaes! &) - al! 10

%! & ()- 7777 poses of unloading it

MHAEI | al! 10%1 & ()-all 10%! & ()-all 10%! & ()-al! 10%! & (3 7777777dD8@

MAEl al! 10%! & ( talslm%d&t@ aeredoet it ) SEEPFOYB) &34 all 10987 &1 - al! 10
0! & () -y 771 ZLPQ%. d several times if nec

M¢AEI all 10%)' & all 10%)' & % -al!l 10%! & ( al' 10‘%3' & ()-all10%! & ()-al! 10%!
& ()-78888 8vZ>D@@’-‘1ng t e passage of the ethylene and ammonia

Mtall 10%! & 1109 o) A 8t X<@
Mtall 10%! & %Jsill ¥ (’3--a ()‘Z]?é 1‘%{%%%) %/% Eérigg/gﬁgqga all 10
%! & ()-all 10%8heainess mla&mm@hpa

Va1l 10%! & ()-all 10%! & ()-all 10%! & ()-all 10%! & () - MAEI | | 858(8+8/ 82868_2
<@

VBlall 109! &De)ad LieHD Heiat f dptaid 09! ilod tidrieee! & () - all 10%! & () - all 10%
1 & () - 6898: 8<8B8CBUUI?<@ .

|va1!( )10%)! & ()- al.g%g"?ﬁl & EhaneriesdrEicr. MRt a BRI - CcSsEsESEsHSI 8J8

= |

t X<@ :anentlon w111 emerge from the examples of embodiments
I\/talI 10%! & () - al' 10 %)' & all 10%0! & al' 10%! & 1(1) -all 10%! &
“()-all 10%! ¥ f: y v\‘}' g 1s underst are given’ for

Mal! 10%0! & ( h1alistUe!i&e )pnﬁ:lﬂ&éé’@'&ﬂ(x} é)ﬁ%&l:}@lﬂc}a@@ir&iﬁti@é8"8b8d8h8k8 ?
<@
Mal! 10%# R () - alFRodes 5t a9ognecl) £21 R PHop TR )2 4PND b BREET- 4T 10%! &

' () - k8o8r 8s8u8{3@U3?4@ve been used. Their compositions (% %
Va1l 10%! & ()-all 10%! & ()- MEAEI [ all 10%! & (). 41l 100! & () {81’8}8 84888t X<@
Mal! 10%! & ( prelrlevossven dn T X ) - all 10%! & ()-all 10%! & ()-all 10%! &

"()-all 10%!' & () -88

Va1l 10%! & ()-al.F%OOm. )%é%llegil 1B FFO57aT R 15 4hs88588 <@

Mal! 10%! & ( Peatribsgl @hdue shad ohper' £pliowedoudos (Steps 10%® &5( rndl! 10%!

& ()-al! %)'& <

Mal! 10%) (Y- a%“f /QE%B%) Aﬁ?aﬂ 168071%: 5555 f@/m’fllg?c})oﬁssélﬁé e
different flow rates of ethylene and ammonia and

different sequences of enrichment and/or diffusion.
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Mal! 10%! & ()-all 10%! & ()-all 10%! & ()-all 10%! & ()-al! 10%! & ()-al! 10%! &
() - 8888886 2<@

Mal! 10%! & () - MFAEI ! all 10%! & ()-all 10%! & ()-al! 10%! & () - 888888880S7@
Mal! 10%! & ()-all 10%! & ()-all 10%! & () - &1! 10%! & ()-al! 10%! & ()-al! 10%! &
'()-all 10%! & () - 888888">0S7@

Malall 10%! & () - MHAEI ! all 10%! & ()-all 10%! & ()-all 10%! & () - 888888880S7@
Mal! 10%! & () - oal! 10%! & ()-Eal! 10%! & ()-all 10%! & ()-al! 10%! & ()- (al! 10%

o & ()-(all 10%! 8

Vhiall 10701 & (). MEnETE P RRyEanBles 130 BF el PR Yo AN L E SRR oS @
Mal! 10%! & ()smpll 1@‘V®d:&f(r).e&a]cb1i1ﬂ%mrﬂe(x) adbhie! £ (101! Hid! &at) -4al! 10%
0! & ()-(all 10%! & () - 888888">0S]

Malall 10%! & YORMAHY%a | 2696FQ° %@ for Bvdrigyyesl Thep! &tepsgsomnd9os7@

g’?g (133%?;% (1 2)%3%&0«;@5%%95%%'8%&# tne aLoAQ704 &nb) A0 &rdnréal! 10%

I\/glall 1098! &) - MAEhuallTla(mﬁ & thearefevsnee nunbanspdd theoxmlloys

9$9' 9+9. 9 27

Malal! 10%)'&%5)6(1 10055 £ a P9 ) - Ao BT 1% £937211 10%
1 & ()-.9/ 909%kH3830E @able 1.

Ma1MEAE] | %al! 10%&' & Q( %]plliléoscyml & gl)lda]z 10%)C| ()6)alé%gor/g!sgsgéé,,SQ@g@ﬁQBQCQD
9E9kCB @

Mall 10%! & ()earbciivfntfing alhdip! & {malliafomisd ()irehtddMoe Ron) - adf 10%! &
()- allmg o & ( ﬁ,EgFgegHg 9J9BkCB .
V1! 1008HREI 1S -u%m% | 2P aFF Bl (1-Fa1P10dbr i 15 RMevexo
Y9Z9[ 9\ 9kB @t reatment under vacuum.
Mal! 10%! & ()-al! 10%! & ()-al! 10%! all 10%! all 10%! & ()-all 10%! &
() -all 10%! & () I\1”9] gxgmglgggg oe@‘g (425006 (LoBreaplfad Lok
Ngl'glgc%ﬁgﬁlﬁ(fégléda&ldo}ﬁwlé’d:(ﬁg' akiko! & ilmuledrid@es & (Inttdd el dn () -s®d9n909
pPYqIr 9s
Mall 10%! & ()*r&HIEsI30q )2 HeRtRe 8 (F- APNEHUELEY( FakR) 1695 @R al! 10%! &

"()-al! 198/0' &) &&tt%%/l @y@&rﬁ»&%l YoLémbhi MAEbhkal! 10%! & ()-!al! 10%
18 ()-all 10%! & ()-all 10%) Qi y999999999vV6! 10% P z 10%! & ()- \P z
109! & ()- aF 169%! gxgypiegy 30080d (8§~ 165°R00f10oFprresponds’ to a

a<: 10%! & () 33939% “r@/\éﬁlciogéé’ Z71108K! & fleriRiAglO%! & ()- )?xIx \P z
10%! & ()- \P z 10%!&7()- \P z 10@&|&T()- 9999999~ A>VV6|10@&P z 10%! & () -
\P z 10%! & ()- Ml %X\ampilefowl &EP) -9\ P 9LaP%E g (JRrXFEROn@YK!IRP ()3
carbonitriding with simultaneous introduction of
20 ethylene and ammonia, but the flow rate of ammonia is
very high and step 7) is a diffusion treatment under
vacuum.
In examples 10 to 16, only step 6) is carried out
which corresponds to a carbonitriding with simultaneous
25 introduction of ethylene and ammonia for a period of
time greater than that used for the previous examples.
The results obtained in each example, that is to
say, the profiles of surface enrichment in carbon and
in nitrogen (in % by mass) for each of the alloys
30 treated are given in Tables 3 to 8.

The results obtained in examples 1 to 6 on the

traditional carbonitriding variations are close to
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9999999uY=vV6! 10% P z 10%! & ()- \P z 10%! & ()- )?xIx \P z 10%! & ()- \P z
10%! & ()- \P z 10%! & ()- 9999999bBvV6! 10% P z 10%! & ()- \P z 10%! & ()-
)?2xIx zZ\P z 10%! & ()- \P z 10%! & ()- \P z 10%! & ()- 9999999uY9vV6! 10% P
z 10%!& ()- \P z 10%!& ()- )?xIx \P z 20%! & ()- \P z 10%! & ()- \P z
10%! & ()- 9::::::uY9vVE! 100 P z 10%!& ()- \P z 10%!& ()- )?xIx \P z
10%! & ()- \P z 10%! & ()- \P z 10%! & ()- ::$:*:+:0:5:uY9vV6E! 10% P z
10%! & ()- \P z 10%! & () -

those that can be obtained by carrying out a normal
gaseous carbonitriding.

In examples 7 to 9, good results are obtained on
treating alloys that are richer in chromium and hence

5 more passive.

In examples 10 to 16, it may be observed that one
can superficially achieve wvery high nitrogen values
with stainless steels rich in chromium where the
percentages of nitrogen respectively reach 2.86 and 4 %

10 nitrogen in examples 14 and 15. Hence nitrogen is, in
part replacing the surface carbon, which allows layers
to be obtained with particular properties.

The method of the invention is therefore
advantageous since it leads to degrees of nitrogen

15 enrichment that are much higher than those that can be
obtained by the traditional methods of carbonitriding
where the nitrogen contents in the surface are at the

most about 0.3 %.
20 . References quoted

[1] : Technigues de 1’ingénieur M 1226-8 on the 14%°
July 1994

25 [2] : FR-A-2 663 953
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)?xIx \P z 10%! & ()- \P z 10%!& ()- \P z 10%!& ()- 5:;

@F: GL:QuY9vVE! 10% P z 10%! & ()- \P z 10%! & ()- )?xIx \P z 10%! & ()-
\Pz 10%!& ()- \P z 10%!& ()- QX ]:d:e:f:n:uzZ9vV6! 10% X 10% & ()-\P z
10%! & ()- )?xIx \P z 10%! & ()- \P z 10%&!& ()- \P z 10%! & ()-
n:q:s:t:v:w x:g=vVve! 10% ) ?xhp X)"p 10% & ()- xX)"p 10% & ()- X)"p 10%
& ()- X)"p 10% & ()- X)"p 10% & () - x:~::::::g—vV6I 10% ) ?xhp X)"p 10%b
& ()- xX)"p 10% & ()- X)"p 10% & ()- X)"p 10% & ()- X)"p 10% & ()-
Dl 5vV6l10@©9xhp X)"p 1096 &'() ;§¥' %8%6 & ()- X)"p 10% & ()- X)"p
10% & ()- X)"p 10% & ()- ::::::::t % & ()- )?xhp 6X)"p 109

& ()- W)"p 10% & ()- pX)"p 10% & ()- X)"p 10% & ()-

Steel C Ni Cr Mo v Al

20 NC 6 0.17 1.60 0.85

27 CD 4 0.27 1.0 0.2

20 CD 12 0.25 3.0 0.4

32 CDV 13 0.30 3.0 1.0 0.20

40 CAD 6.12 0.40 1.8 0.25 1.0

20 DN 34.13 0.20 3.0 3.5

Z 15 CN 17.03 0.16 2.0 17.0

Z 12 CNDV 12 0.12 2.5 11.5 1.6 0.30

5 Table 2

Ex Steel Step §6) Step 7)
t time C2He NH; P t time NH;, P
(°c | (min) (1/h} (1/h) (hPa) (°¢) | (min) (1/h) (hPa)
)

1 20NC6 850 45 50 300 25 850 45 - 0.1

2 27CD4

3 20NCé 850 45 50 300 25 850 45 100 25

4 27CD4 ]

5 20NC6 B850 45 50 300 - 850 45 100 25

6 27CD4

7 27CD4

8 32CVD13 850 45 50 600 25 850 45 - 0.1

9 Z15CN1703

10 20CNs6

11 27D4

12 20CD12

13 40CAD6.12 850 360 50 300 25

14 Z12CNDV12

15 Z15CN1703

16 20DN34.13
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X"p 1096 & ()- :::::::U9*X)"p 1X)"p 10% & ()- )?xhp OX)"p 10% & ()- X)"p
1096 & ()- X)"p 10% & ()- X)"p 1096 & ()- :::::::U9*X)"p 1X)"p 10% & ()-
)?xhp OX)"p 109 & ()- X)"p 10% & ()- X)"p 10%6 & ()- X)"p 10% & ()-

::::;;;U9*X)"p 1X)"p 1096 & ()- )?xhp OX)1'p 10% & ()- X)"p 10% & ()- X)"p
1096 & ()- X)"p 10%6 & ()- ;' " ;U X)"p 1X)"p 1096 & ()- )?xhp OX)"p
1096 & ()- X)"p 10% & ()- X)"p 1096 & ()- X)"p 10% & ()- ';,:;3;8;?2; @A
U*X)"p 1X)"p 109 & ()- )?xhp 0X)"p 1096 & ()- X)"p 10% & ()- X)"p 10%
& ()- X)"p 10% & ()- AMNOP; S, [:"; ;vveX)"f~r 109 & ()- f~ 10% & ()-
XF 1096 & ()- X9Y 10% & ()-106 106 106 X=MLOY%® & ()- ;a;c;d;e;k;s;

~A>yVBX)"fA 1098 & ()- f~ 10% & ()Tahp®é 3f”r 109 & ()- f~ 10% & ()-

fA 109 & ()- sit;|;};~;;~">vVeX)"fA
Ex 1 2

Alloy 20 NC 6 27 CD 4
Depth Cc % N % C % N %
{mm)

0.05 0.50 0.304 0.61 0.324
0.15 0.45 0.215 0.58 0.223
0.25 0.45 0.113 0.51 0.122
0.35 0.33 0.039 0.47 0.043
core 0.18 0.0059 0.27 0.0080

5
Table 4

Ex 3 4

Alloy 20 NC 6 27 CD 4
Depth C % N % C % N %
(mm)

0.05 0.72 0.297 0.75 0.279
0.15 0.66 0.203 0.69 0.188
0.25 0.57 0.114 0.61 0.102
0.35 0.46 0.049 0.51 0.037
core 0.19 0.0059 0.27 0.0081
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109 & ()- f~ 109 & ()- )?| f~ 10% & ()- f~ 10% & ()- f~ 10% & ()-
CoooooiuY=vVeX) A 109 & ()- A 109 & ()- )?| fA 10% & ()- fA 10%

& ()- f~ 109 & ()- ;;;;;;;bBvVeX)"f~r 109 & ()- f~ 1096 & ()- )?| fr
10% & ()- f~ 10% & ()- f~ 10% & ()-12;;;;,;:;uY9vVeX)"f~ 10% & ()- f~
10% & ()- )?| fr 10% & ()- f~ 10% & ()- f~ 109 & ()-
co o uYoveX) A
Table 5
Ex 5 6
Alloy 20 NC 6 27 CD 4
Depth C % N % C % N %
(mm)
0.05 0.79 0.148 0.82 0.165
0.15 0.71 0.094 0.72 0.078
0.25 0.56 0.029 0.57 0.028
0.35 0.37 0.0092 0.44 0.012
core 0.19 0.0059 0.27 0.0081
5
Table 6
Ex 7 8 9
Alloy 27 CD4 32CDV13 Z15CN17.03
Depth C % N % C % N % C % N %
(mm)
0.05 0.63 0.22 0.34 0.73 0.89 2.00
0.15 0.58 0.19 0.60 0.29 0.77 0.08
0.25 0.54 0.12 0.55 0.03 0.33 0.05
0.35 0.46 0.05 0.44 0.01 0.20 0.05
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10% & ()- f~ 10% & ()- )?| f~ 10% & ()- f~ 10% & ()- f~ 10% & ()-
coaauYoveX) A 1098 & ()- fA 10% & ()- )?] A 10% & ()- fA 1098
& ()- f~ 10% & ()- ;<<<<<<uY9vVeX)"f~ 10% & ()- f~ 10% & ()- )?| f~»

10%6 & ()- f~ 10% & ()- f~ 109 & () 13<!<&<-<. </ <7<uz9vVeX)" X 10%

& ()-f~ 10% & ()- )?| f~ 10% & ()- f~ 10% & ()- f~ 10% & ()-

7<: <<<=<?<@B<C<gG+6X "y 10% & ()-X "y 109 & ()-X "y 10% & ()-X "y 10%

& ()-X"y 10% & ()-X"y 10% & ()-X "y 10% & ()-C<D<I<QXR<Z<[<nN2+6X X "y
108 & ()-X "y 1048 & ()-X "y 10% &',&5 "y 1098 & ()-X "y 10948 & ()-5W

+w [ <f <g<h<n<r <v<mM +6X "y 10% & ()- i:el%% & ()-X "y 10%9 & ()-5W +w X
"y 1098 & ()-X "y 1098 & ()-v<z<~<<<<<|-+6X "y 109 & ()-5W

Ex 10 11 12 13
Alloy 20NC6 27CD4 20CD12 40CAD6.12
Depth C % N % C % N % C % N % C % N %

(mm)

0.05 0.98 0.52 0.93 0.44 0.60 0.89% 0.81 0.98
0.15 0.86 0.51 0.86 0.44 0.54 0.80 0.77 0.84
0.25 0.81 0.45 0.79 0.41 0.54 0.55 0.89 0.48
0.35 0.73 0.31 0.77 0.31 0.73 0.12 0.80 0.04
0.45 0.65 0.20 0.66 0.24 0.57 0.04 0.66 0.01
0.55 0.56 0.09 0.51 0.15 0.46 0.02 0.57 0.01
Table 8
5
Ex 14 15 16

Alloy Z12CNDV12 Z15CN17.03 20DN34.13

Depth C % N % C % N % C % N %

(ram)

0.05 0.41 2.86 0.61 4.00 0.57 0.53

0.15 2.07 0.26 2.45 0.36 0.53 0.41

0.25 1.32 0.07 1.21 0.08 0.50 0.31

0.35 1.62 0.04 0.51 0.05 0.46 0.19

0.45 0.22 0.03 0.26 0.04 0.40 0.11

0.55 0.14 0.03 0.20 0.04 0.35 0.08
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method according to any one of Claims 1 to 6,
25 in which said components are subjected to the
simultaneous action of the fuel mixture and the
nitriding gas.
8. A method according to any one of Claims 1 to 6,
in which said components are subjected successively to
30 the action of the fuel mixture and the nitriding gas.
9. A method according to any one of Claims 1 to 6,

in which the components are subjected 1) to the
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surface of said component is enriched in nitrogen up to

a content of 4 % by mass.
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