1 MOLTEN SALT BATH FOR NI TRI DI NG MECHANI CAL PARTS MADE OF STEEL, AND
| MPLEMENTATI ON METHOD 5The .invention relates to the nitriding of
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15 The range of steels from which these parts are made, which are
likely to be, at least close to their surface, subjected to friction or corrosion, is
wide, ranging from non-alloy steels to so-called stainless alloys, in particular
chromium or nickel alioys.

In order to surface-harden such parts, it is known to apply a nitriding

20 treatment {(sometimes accompanied by carburizing, in which case the term
“nitrocarburizing” is often used). In fact, the concept of nitriding encompasses
both nitriding alone, in a bath with a very low cyanide content (typically less than
0.5%), as well as nitrocarburizing in the case of cyanide contents above this
threshold. The term “nitriding” will be used for both these types of treatment

25 hereatfter.

This nitriding can be carried out from a gas phase or a plasma phase
or from a liquid phase.

Liquid phase nitriding has the advantage of allowing significant
hardening over a thickness of several microns within a period of just a few

30 hours, but has the significant drawback of involving the use of molten salt baths,
at temperatures of the order of 600°C (or even more), in practice containing

cyanides, in combination with cyanates and carbonates (the cations are in



30 hours, but has the significant drawback of involving the use of
nolten salt baths, at tenperatures of the order of 600C (or even
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of 3 potassium than sodium (which made it possible to lower the temperature of the
salt baths); the objective was to reduce the cyanide content to not more than
5%, or even 3%); the reduction in the cyanide content had to be compensated
25 for by cyanates; there was no particular explanation of the role of the chlorides
apart from the fact that, in the carburizing baths, barium chioride is a melting

flux.
Previously (see the document GB-891 578 published in 1962), it had
been mentioned that nitriding-carburizing baths could contain alkaline chlorides,
30 which made it possible to economize on the cyanides and cyanates, the price of
which is much higher, or to reduce the melting point; this document related to
salt baths containing from 30% to 60% cyanides and taught the maximizing of
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chlorides in the exanpl e described). There had al so been
mentioned (see the docunent GB - 854 349 published in 1960),

carburi zing baths (used at tenperatures3 from 800C to 5 9500

contai ning, by weight, from35%to 82% al kali netal carbonates, from
15%to 35% al kali netal cyanides, from3%to 15% anhydrous al kal i

metal siliggé %én@ﬁﬂoﬂuﬁlcp&walé%@ém totRe okcpanAes (thefe wa® ndehicedadn
there that it is preferable that al kaline chlorides be present,

pr ef er abl y top examplogesaribedut however giving any explanation (it
seems however thal rh0g REFIRCEeA] mdhiphed (gé%e&ecﬂé‘édrh@rﬂtﬁé 1 8shiag
ea

preparation of the cyani es I'na us Mor eover, there
been rrentl (pmbdsi(e:bm ﬂﬁéOﬁommmen@athsl (@62 a6Bmpakiuesdrom 80086)to

car boni in . cruci o) 50 'n% VHD

| | -chose g 0 { 't e
1 ohBs e eRYnh BBl 1 WEoRk gt o T Bar kAl meral adtbhiifs iam
and at | eas|t594 Q8o %%Ikalﬂﬁie?él @é@iﬁe@%mnﬁ@?@@@@ﬁ%%hyﬂroﬂerﬁlmﬂ nigdtal
25% al kal i rret al 15 chl oride was nent respe

starting b ﬁat%a@@)m tfédr%/aua%ka{@eo?h@nfaﬁéﬁ‘i Hes Wﬂ@%@%mre that it is
car bonat es f%?*at}i‘@ Saﬁlkbﬂae%]'&ﬁiorrﬁggrb‘%! Prdseht, caamam&w@@tmm #fhout

nor eover 7 /ecyanl as al so been proposed -1 185 640) to
conpl ete ahowemrar@wng amagplanation &th@eemgtla@@ew tappihagPraseacs th

Cont . 40 SRS Sy ARRAE o SASRIBIL %y 09 ab % Loty

20(wi t yihg ranges o

For the ni tMordbvey, dherst Andl issen sterdioned a(sgashphdeinéntr GBi rg1 052 663
treatment has.heen pr se 4 899 blished in 1980 -
pr eceded b;?@“@l%@@ 1(??’8? ?’Hég%ﬂ@ 83‘% Spiet" P@ﬁ'{eﬁéﬁ’ N 80%15?%&0” within
cont ai ni ng af WeNcAGsdrP ra iy @mﬁmrd@ fr@ﬁdmrtemow%m Ret4l @yamﬁégantfnat
conbination with fromO0.1%+t 5% i

o sul %EI 25 It is ;51, d t h?
Che r onai niRast 40% nbapmaiskapRiiee. BLAO CoEin-Bo acnia Ggb2oalal metal
carbongse hloquhb%ééiﬁwedﬁbw@u\twtﬁ h@%o@'t@@%ﬁlr@ebm @dreyeer c,rbrﬁaﬁmg

treatment (W th respect wth 12% cyani des and 0, 3% sul phur,
it is nment pohre@vamms (aﬁ%t) mds:aabqnatmr as well 2595 dhrireganerativarampornd

42. 7% sod

docurre?l? b@ﬁghﬁ‘rgzq@%ﬁ"‘g%w b ecggﬁ@%%8g§ ﬁ%nﬁ“ﬁ ﬂ?iéléﬁgcpllggﬁis hagebeen
proposed t Hel85/edl)de mmleteta@farlwnzu‘rg stage ovifhr & shortheiage of dppngdmad
3% It i t ed .t hat to th 4

cyani des 1 RoH| CRMAMGS caerelel, phrbe sl e GREGENEY gk dhudtoes
cyanat 2@ h@chﬁJttsﬁQdWrdr@eéel‘earﬁems)fygthe Iatmr)rl ding baths with a

and o1 ve i se to. URRBEESIG BhANKGS SFRoFAs bR BUGIFS ieaten

formation ghs$ueh prelffseat®s 14 1isa SQ@LtﬂMsﬁéu in"Ya0y eprepedd ap@ smy@ ot

selenium in conbination with an ap EI‘I ate conposition of
cruci bl es (h,qrmqagbemiqab@)'etreatment in aI @at a@“éﬁ’@'ﬂgtf&ﬂ "p@otﬁo%%ﬁ qy@nsdes

(sce the aanimicR?s 830G pfandh ifRHBALSI W0 O £k 08 SR Plchur. |
fact s2fvelis mem:mpbdttbatathmremamdﬁg chthe pretreptment bathesdede fooned by
fo the chl BHES SHGTRISIor G wBOET Brss Bebitrle b, ghe”
| ayer. treatment (with respect to a bath with 12% cyanides and 0.3% sulphur, it is
mentioned that at the start there is 25% sodium carbonate and 42.7% sodium
chloride).
30 More recently, (see in particular the document US — 4492604
published in 1985) a nitriding bath has been proposed the cyanide content of
which is comprised between 0.01% and 3%. It is indicated that, due fo the



For nitriding ferrous parts, a nolten-salt bath has been proposed by
t he docunent US - 6 746 546 (published in 2004), containing alkali
netal cyanates and al kali netal carbonates, wth 45%to 53% cyanate
ions (preferably 15 between 48% and 50%, nmuaintai ned between 750F and
950F, i.e. between 400C and 510C, in order to provide good corrosion
resi stance. The al kaI I metals were advant ageousl y sodi um and/ or
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60% al kal i gRds@ht, CitleOpbtd8Sium content was preferably 3.9:1 relative to the sodium
content); in operation, this bath contained from 1% to 4% cyanides (no details
20 were given concerning the presence of any other elements in the bath).
Even more recently, in order to minimize the entrainment of the
molten salts when the nitrided ferrous parts are taken out, the document US —
7 217 327 proposed a nitriding bath essentially constituted by Li-, Na- and K-
type cations and by carbonate and cyanate anions.
25
It therefore appears that various compositions of moiten salt baths
have been proposed in order to allow nitriding of ferrous parts without using
significant cyanide contents.
However, as a general rule, nitriding treatments with a low cyanide
30 content (typically less than 3%,) must be followed by a finishing treatment

because a low roughness is sought, which contributes to an increase in the cost



15from 10% to 40% al kali netal carbonates, and from 20% to 50% al kal i
nmet al cyanat es, a maxi mum of 3% cyani de ions (forned
during operation), the total of the contents being 100% It should be
noted that the composition ranges are %eneral ly given for 20 a new
bath, but that it is sought in practice to remain so far as possible
within these ranges; thus, in practice there is no cyanide ion in the
starting baf Hreaimant {labeurs quightingdeqiinmespeasitvalnas dhe cvaral duratien ngfr e
t han 3% cyg%i gﬁ Ij]tons. The presence according to the invention of
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of 10 chlorides and the bihgl Gﬁ%gmaﬁ tal chlorides. Advant ageously, the
alkali metal chlorides are |Tthi'um sodi um and/ of potassium

chl ori d&s, correspondiiony!®®% toHI0ds aitel metalctarbenateproded ef f ecti ve,

whi | e having a noder t dr LI ri ous handling
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45% (+/- 2% or eyen +/- 19 .. This range of contents has proved to

lead to godi® Wﬁqlﬂﬁ?%ﬁmﬁﬁféﬁb&w&} ness within a reasonable tine. It

i's understood thaty should be noted that the composition ranges are generally given for
20 a new bath, but that it is sought in practice to remain so far as possible within

these ranges; thus, in practice there is no cyanide ion in the starting bath, and it

is sought during operation to remain at no more than 3% cyanide ions.

The presence according to the invention of chlorine-containing

25 compounds in significant quantities (NaCl, KCI, LiCl, etc.) makes it possible,
during the nitriding, to obtain non-porous, non-powdery and therefore fairly
smooth layers, after durations of treatment of the order of just two hours; as the
chlorides are less expensive than the other usual components of the nitriding
baths, a bath according to the invention is therefore more economical than a

30 standard bath, while avoiding the need for subsequent grinding treatment. It

may be recalled that treatment times of the order of two hours (2 h +/- 5 min)



t he cyanate content nust be sufficient to allowa nitriding effect,
20- the carbonate content should not becone too great at the risk of
preventing the chem cal reactions that lead to nitriding.

Thus, equal |y advant ageously, the cyanafe content is conprised

bet ween 20% and 40% or even between 20% and 35% preferably

conpri sed between 20% and 30% Even nore advantageously, this content

i's conpri seghxanmirat dyeeordidérad Eofidtibler wil eatisfatwee pickioarah Biustrial
preferably conprised between 25% and 30% These cyanates can in
particul ar Bedlgéodi um cyanates (or potassi um cyanates).
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Advantageously, the alkali metal chlorides are fithium, sodium and/or
potassium chlotides, corresponding to chiorides which have proved elfective,
while having a maderate cost and requiring no serious handling constraints.

Advantageously, the chloride content is comprised between 40% and

15  50%, preferably at least approximately equal to 45% (+/- 2%, or even +- 1%).
This range of contents has proved to lead to good nitriding and low roughness
within a reasonable time.

It is understood that:

- the cyanate content must be sufficient to aliow a nitriding effect,

20 - the carbonate content should not become too great at the risk of
preventing the chemical reactions that lead to nitriding.

Thus, equally advantageously, the cyanate content is comprised
between 20% and 40%, or even between 20% and 35%, preferably comprised
between 20% and 30%. Even more advantageously, this content is comprised

95  between 25% and 40%, or even between 25% and 35%, preferably comprised
between 25% and 30%. These cyanates can in particular be sodium cyanates
(or potassium cyanates).

Equally advantageously, the alkali metal carbonate content is from

20% to 30%, preferably comprised between 25% and 30%. These carbonates
30 can in particular be sodium, potassium and/or lithium carbonates; they can

advaniageously be a mixture of sodium and lithium carbonates.



- 45% pot assi um chl ori de, 15 which has proved to be a very good
conprom se between the nitriding kinetics, price of the m xture
constituting the bath, variations in rgpghness on the surface of the
treated parts, nelting point, and risk ‘of entrainment of the salts on
the surface of the treated parts. O course, in operation this
conposition can vary slightly, given the reactions which take place
(with in particul alThuhedriculedy sdvatagouslyaiticdmoltenrsalt bathcisrssantially
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st eel sypgHo 2r, the 8 invention is advantageously inplemented with
treatnment times of thoe order of 60 to 120 m nutes. The
i nvention al so rel 28%% sogiurgexanateal parts nmade of iron or steel

nitrided according. b4, tha: ADeNARAld oned process, which can be
recognized in 5 partlﬁcu apﬁﬁy ﬁ?ﬁ aétisence of traces of subsequent

mechani cal fi ni shi ng%pitiveseasborateh as grinding (in particular the

absence of fine SC!%%?%?as%ﬂﬁntcﬂlogfdgpdi ng) . Hereafter,
are

the tested conpositions are conp wi th standard baths (which are
the sang f emittheraslpfdved entbeexaenyl ge)d edmpromasecbetwieenitha odudida kinstics,
10w th the pirigc\a/ %?Heor%ixture constituting the bath, variations in roughness on the surface
of the treated parts, melting point, and risk of entrainment of the salts on the
surface of the treated parts. Of course, in operation this composition can vary
stightly, given the reactions which take place (with in particular the formation of

20 cyanide ions the content of which is maintained at a maximum of 3%).

The invention also proposes a process for nitriding mechanical parts
made of iron or steel, according to which these parts are immersed in a bath
with the abovementioned composition, at a temperature comprised between
530°C and 650°C for a maximum of 4 h.

25 Preferably, the parts are immersed in the bath at a temperature
comprised between 570°C and 590°C for a maximum of 2 h.

In practice, the duration of a nitriding treatment is in a standard
fashion of the order of 90 minutes, but it is understood that the duration of
treatment depends on the nature and/or destination of the parts; thus it can

30 range from some 30 minutes for valves or steels for tools, up to 4 h when it is
sought to carry out nitriding over significant thicknesses (layers with thicknesses

of several tens of micrometres), or in the case of alloy steels. However, the



Exanple 1 (according to the invention) Sanpl es made of a
type 045 anneal ed steel, which can be used for wi ndscreen-w per
spi ndl es, hydraulic or gas cylinder rods, or joint bushings 15 were

treated as foll ows. These sanp® es were subjected to
degreasing in an alkaline solution, rinsing in water then preheating
to 350C. They were then i mersed, for 60 mnutes, in a

ol t en- sal LpDahib i ahiBgdodly RRAETRARJGAR Abdirdat tid0S Btrestiieraf 60

cyanate, 2 'um carbdnate, and 45% potassium chlorides - 5%
| i t hi um cartoott minuldee sanples thus nitrided were then rinsed with

wat er. 25l denti cal nl es. ' : t;

except that the ni tﬁ%gﬁﬁgﬁq%élgﬂzgl?{%ﬁ Bgﬂeﬁéﬁh zgagt (?(Ca:@fv\i/a@p%%?tre ie!ad
out i {1 aI lstﬁimtwddaétiotdihglitt)@gwdoabdge(mmdioaeaqmﬁasg, wbich lean ibevienogringd in
essentially constitute - - 58% ' t -, 36% pot ' .
car bonat%, BHYCHEr l@%tgpt%pw%&zﬁ%é%mo?ygu ase%U?'ﬁt %%%‘gﬁﬁgggin?ﬁ@
layer of irpopRkédd 86k é@gﬁnaiﬁgwpm&:& il atgeess opfind GerateHespdue 1

It was found that the roughness of the sanples which was initially Ra
= 0.2 micrognedieg). had become Ra = 0.52 nmicronetres after the

treatnent in a sta = & ) it &18hddlaath
treatnent in the bg_'i11 %ngé%ﬁ% %é%ﬁdﬁm'%d%,ftﬁ)\?ﬁgn@}r?gﬁ@i&fegﬁwg’f roughnesast S
slightly gr @eltich ardaine shmel for thaldifferent examples) which are not in accordance

10 with the invention.

Example 1 (according to the invention)

Samples made of a type C45 annealed steel, which can be used for
windscreen-wiper spindles, hydraulic or gas cylinder rods, or joint bushings

15  were freated as follows.

These samples were subjected to degreasing in an alkaline solution,
tinsing in water then preheating to 350°C.

They were then immersed, for 60 minutes, in a molten-salt bath
maintained at 580°C and containing:

20 - 28% sodium cyanate,

- 22% sodium carbonate, and

- 45% potassium chlorides

- 5% lithium carbonate.

The samples thus nitrided were then rinsed with water.

25 [dentical samples were subjected to the same treatment, except that
the nitriding treatment of 60 minutes at 580°C was carried out in a standard
nitriding bath (not according to the invention) essentially constituted by:

- 58% sodium cyanate,
- 36% potassium carbonate, and
30 - 6% lithium carbonate
In both cases, the layer of iron nitrides thus formed had a thickness

of 10 +/-1 ym.



5 roughness. The conposition according to the invention of
this exanpl e appeared to pronote good stability of the bath over
time, in particular as regards the Iev%l) of cyani des. The sanpl es
thus nitrided were then oxidized in a |ten-salt bath 10 contai ning
car bonat es, hydroxides and nitrates of alkali netals. The purpose of
this oxidation was to passivate the surface of the nitride |ayer b
forming a |ayer of Itiwas fasiddiahithe reughines md ke fseoples which wiag 'Wﬁl‘g’r

oxi dation, the rt.s were i rsed | n Qi | di '

agai nst _cortosi GA e A0 E5ErBe 3h 5 frrseR sttt theTebont

Wi t{l nitridh trsgsilaha@;atsmﬁ.baﬁme @.gsrm&:'@ﬂ?ﬁ&shftélag@etéémgl = g'rzregheohaﬁno
parts in neutral salt spray accqrdin e §i ar .of.

t he sanpl e®cCPEttkdo 4Be JPupPmiien: o f?eg‘PH‘Q?WF &ﬁ‘gﬁﬁ% HeUBF %%H%b%t"\}\'/&@n
150 andg25Q4f The corrosion resistance (neasured on

10 parts in n utrgl salt spray according to the standard |1SO 9227) of
the sanpl es treat edhe sotmpesitivaadeerdinglorine inveagor ehikvs &mple@reearet20

and 290 hours. |ty di F : ; ' |
accordi ng #é%{%'goﬁen%oeoﬂ ?%%'E'{yhogrﬂgggrg{eh 5mal réﬁs)r\’ef,tl rpgé@@?%ﬁéé {r %d%ég%lg]en egel
corrosion re¢syatidase conparable to that obtained with nitriding in a

standard bath, whi | nmpr ovi t he. rqughness of .t.he. surf

relative to at reab- ﬁ%rﬁgﬂfﬂie%ﬂgﬁ 'Hggl%gn‘g%rpdﬁ'ﬁﬁt%‘é'ﬁ%d &gr{%@g&\ésa{ltﬂ%’ch
accor ditfg {c@ntditing REAHNaIY), hydroxides andeMithes difalieimetatsd T84 puspas of
prepared as previously, were nitrided for 1 hour at C..n.a %gth

59
cont ai ni ng:this oxistafign weas topasaivaterthe sudase CREE r}ltr@éﬁs}yeg%y famong AdRYa

gggggt ° heﬁ?&%@éw Hibanaserom 0% bl bl WieF kiagfieH, ahe Harsnwéret h

, yer tornmed has a thickness of 10 -1-1- 1 . )
immersed in an oil providing protection against corrosion (containing corrosion
inhibitors) as is customary with nitriding processes.

15 The corrosion resistance (measured on 10 parts in neutral salt spray
according to the standard 1SO 9227) of the samples treated according to the
invention was comprised between 150 and 250 hours.

The corrosion resistance (measured on 10 parts in neutral salt spray
according to the standard 1SO 9227) of the samples treated in the standard bath

20 was comprised between 120 and 290 hours.

Nitriding of ferrous parts carried out according to the invention
therefore makes it possible to obtain a corrosion resistance comparable to that
obtained with nitriding in a standard bath, while improving the roughness of the
surfaces, relative to a treatment in such a standard bath.

25

Example 2 (not according to the invention)

Samples of annealed C45 steel, prepared as previously, were
nitrided for 1 hour at 590°C in a bath containing:

- 20% alkali metal chlorides (NaCl, KCI}

30 - 40% sodium cyanate

- 30% potassium carbonate

- 10% lithium carbonate



It was found that the roughness of the sanples which was initially Ra
= 0.2 mcronetres, had becone Ra = 0.48 mcronetres after treatnent

I n this bath conpared with Ra = 0.52 mcronetres after treatnent
in a standard 5bat h. This lead§ to the conclusion that too

| ow a chl oride content does not make it possible to significantly
reduce the final roughness of the parts relative to a standard bath
(not according to tR@otasRk HB)layekiGHHIhS BtHicolsaot o0 di-nguho t he

i nvention) A bath was prepared, containing 65% sodi um chl ori de ,2.5%;
pot assi um cyanat e 10%asdouad ithah tharpugkness afsReSeMPIen MG waednitidhbe
unusabl e i ndust i . i | | | L kAN
brevents angien D HTGTERES: hadpBEore 1a PU.25 uErARANS, AT heaterlin
(the maj ori this ekt bemparetiswith Rage e8ahigromietnes difter itreafreenti ini & sjgndaks!
i.e. at a tenperature below 600C). Only nitriding in austenitic phase
can t herP beb@ | saged, but only for tenperatures above 630C and with

a high level of salthi2@a@8t #dBBRGIuich Gat Yoo RS A ichicvitietdoatdnatibgs not
whi ch is econoni cal |y di sadvant ageous. Exa accor

) dvay nple 4 ding to the
i nventi on) make it possible to sigaificpaliit rastyee dre nglaay Q@&sofé'léi%gﬁﬁéfe'ﬁ%‘f?er
conditions g Qis{a?{dan)l%%ta(ﬁ&%%%oRﬁn RRlifrehtiomut 1n a bath containing

35% sodi um cyana sodi um caf bonat e 20% pot assi um car bonate 25%
pot assi um chl ori de

10 Example 3 {not according to the invention)

A bath was prepared, containing
- 65% sodium chloride

- 25% potassium cyanate

- 10% potassium carbonate.

15 Such a bath proved to be unusable industrially since its melting point
is above 600°C, which prevents any nitriding treatment in ferritic phase to be
carried out (the majority of the parts are generally nitrided in ferritic phase, i.e.
at a temperature below 600°C). Only nitriding in austenitic phase can then be
envisaged, but only for temperatures above 630°C and with a high level of salt

20 entrainment (high viscosity of the bath), which is economically

disadvantageous.

Example 4 {according to the invention}
The treatment of annealed C45 samples, under conditions simifar to

25 those of Example 1, but in a bath containing
- 35% sodium cyanate
- 20% sodium carbonate
- 20% potassium carbonate
- 25% potassium chloride
30 made it possible to obtain a final roughness of Ra = 0.28 pm as against Ra =
0.52 pm in a standard bath (not according to the invention), on the surface of

nitriding layers of 10 +/-1 micrometre,



30 nade it possible to obtain a final roughness of Ra = 0.28 pm as
against Ra = 0.52 pmin a standard bath (not according to the

I nvention), on the surface of nitridi ng | ayers of 10 4-1 mcronetre.
11 Al t hough satisfactory as r bards roughness, this
conposition appeared to have a higher viscosity than the conposition
of Exanple 1, which results in a greater consunption of salts.
The | evel of poroshttyough ts$asisfacteryd@sl apeardsobeughness.adbisr dioApPosiionhe

i tride | ayepe Rt ER Mo YLEaRuLR G RorEosRBh R Exinfle 1 2Enich,
and 35% Exresyitzina droafer acoesumiptis dfzaltbe i nvention) A bath was
prepared containin

10- 45% pot assi.um chl ori,de - % sodi um,cya, e -
45% sodi um car bona?@?l ?eve? O_(p%m%c‘_?f 'g]eﬂatt"ﬁed?mfﬁd) i Ugtgsp%or]dg% {8%n
nitridi g GERMHITERNE (8d RN 5%, |iItHIEE4IShd RURe bR parssitySofathe vieitrideOigyerst
Is recalled that the liquidus tenperature is the 15 tenperature

starting fobtringd withermandard bath saeprsiser petwrare?d aRd SBérogeneous in
conposition (unlike the nelting point which is the tenperature
starting fromwhich the bath begins to be liquid, possibly in several
phases) . Exa Ai(neta¢corHi invggtibnh bat h cannot be
advant ageousl y useq ,industrially because it makes any ferritic-phase
treat ment i npossi b?‘&agwa%’f%ﬂﬂréaf’ﬂﬂ@ﬂ‘%g of salts between 600 and

650C ang very signifisgamnpotabsiafptifofdd according to the invention)
The treat nent of annealoed 45 sa%r_‘{)l es, under conditions simlar to
those of Exanple 17 JGt%iSRd&nbgy3a@nt ai ni ng: 2545% pot assi um

chloride - 45% sodium carbonate.
Such a bath proved unusable for nitriding treatment since its liquidus
temperature is above 800°C. It is recalled that the liquidus temperature is the
15 temperature starting from which the bath is completely molten and
homogeneous in composition (unlike the melting point which is the temperature
starting from which the bath begins to be liquid, possibly in several phases).
As explained in Example 3, such a bath cannot be advantageously
used industrially because it makes any ferritic-phase treatment impossible and
20 entrainments of salts between 600 and 650°C are very significant.

Example 6 (according to the invention)
The treatment of annealed C45 samples, under conditions similar to

those of Example 1, but in a bath containing:
25 - 45% potassium chloride
- 30% sodium cyanate
- 25% sodium carbonate
makes it possible to obtain, as in Example 1, a final roughness of Ra = 0.25 pm
slightly above the initial roughness of Ra = 0.2 ym, as against Ra = 0.52 pm in

30 astandard bath (not according to the invention).



30% sodi um cyanate - 25% sodi um car bonate makes it possible to
obtain, as in Exanple 1, a final roughness of Ra = 0.25 pmslightly
above the initial roughness of Ra = 0.2 pm as against Ra = 0.52 pm
in 30a standard bath (not according toi2he invention). 12

The layer of iron nitride forned in the bath according to the
invention is of type c (Fe2.3N) and has a | evel of porosity of |ess
t han 5% ( nmeasured &%qra inv8déiibn
40 HvVo.ol. The Iayte)?hé)@%r(rzgﬁn’rarﬂ f"E %%%eﬁgmle%gcgtﬁgﬁgg??%ath (not
accor di ng t & ofstypbe (Feyshi amhhas s lebeltofporesifyredesNhanaid (measureddiel

i cF 0Scopy] ORHEH S OCH) AN8Sar FORes SHOIVE) DYoA | ower degr ee of
appar ent hardness OT] ﬁgelltl%e’ rfmﬁib‘e%ﬁﬁ@d 1M the s?en‘éfa?d‘gé‘th(in@taéd&orcﬁng to

expl ai ned by their porosity. In fact, it is wel
known that thee lrpxeesenn)ccs of tyme @s{fepsll) .aad has @s)e\neédumowmcompﬂsed

resi stance f 10 t s, to the ene ti.on I.nde

neasuri ng h sﬂf P'ﬁgég{;/ (pepsged Hé’p %@é?'c?o(??%@h%gsﬂé% %]hfgtgdﬁl%gésgf
of 10+!- 1 pfy sEx8N 17A(|awspaé?r@g dfOagigaferit HeRdHdsRNOf th@&é@r@&bm
of C45 ITB.ChI ned by col'd heading then subjected to 15 high-frequenc
di ppi ng wi t withra isteindaed bafbugtﬁmwetﬁ byriheir bighar leiehl ROTASHY: |'réi t it i
after a pr f t

550C 1 n"a b4 KA ek e Bleshiled BFbaftbinp iR lofes} hoditos e rgiofioster

sodi um wanateelayenﬁzefdis@ﬂemmmnmyrthe nd2OUB Forpueaasingractnessi de 5%
i thi um carbonate of 20, +/ - . far th a
final roughness of Inpoth gasgs, b'fﬁy’aﬁ% %Qﬁ éiﬂ%%?&f i@ék?pp%ﬁfi)l es
which were treated for the sane duratlon two hours, in a standard
bath (not according_to the_inventjon

Example 7 {according to the mvent:on)

Samples made of C45 machined by cold heading then subjected to
15  high-frequency dipping with an initial roughness of Ra = 0.74 pum were nitrided
(after a preparation similar to that of Example 1) for two hours at 590°C in a

bath identical to that of Example 1, containing:
- 28% sodium cyanate
- 22% sodium carbonate
20 - 45% potassium chloride

- 5% lithium carbonate

A layer of 20 +/- 1 pm was formed with a final roughness of Ra =
0.79 um. For comparison, identical samples which were treated for the same
duration, two hours, in a standard bath (not according to the invention) have a

25 layer with a final roughness of Ra = 1.23 pm for a layer with a thickness of 17
+/- 1 pm.

The level of porosity of the nitride layers obtained according to the
invention is comprised between 5 and 10%, whereas the level of porosity of the
nitride layers obtained with a standard bath is comprised between 55 and 65%.

30 It is known that the steels which have been subjected to cold heading have a
high level of strain hardening which has a detrimental effect on the porosity of

the layers (the higher the level of strain hardening, the more porous the layers).



25 layer with a final roughness of Ra = 1.23 pmfor a layer with a

t hi ckness of 17 +/- 1 pm The |evel of porosity of the nitride |ayers
obt ai ned according to the invention is1§orrpri sed between 5 and 10%
whereas the | evel of porosity of the ni'tride |ayers obtained with a
standard bath is conprised between 55 and 65% 30 It is known that
the steels which have been subjected to cold heading have a high |

| evel of stkhg imveatieremakgsvihpepsibigstoaoktain layeist with &f fosctevehot perosity,
porosity of X ] i | evel of strain hardening, the
nore por ous %t 20{'@?@&%@%#%’]&?&%&&&%@“on makes it possible to
obtain | ayers withThel sampley &usohitjumdoweteytheavedidited irhaghblen-salt bathn

train-har dened st eels. . Th thus nitrided t
o i 2ed | FORAHYND ERItes, BYFRtEE AR ARies, & AU duoilsy dF6 ARG

nitrates ofthiglsaddtiofiBé @ Passhife e NARReT e nititicSlapes Weformingi Slalér of
passi vate the surface of the nitride layer by formng a | ayer of iron

oxi de wi t h ir@rgyide Wb & thicknessoi31 Ind Ung-tafter oxidation.dhe PaRE arinpetses

i mrer sed | ' | di of eGt ' : ' ; RN
corros on ThET6P| BreRid Blie oA eihe Ao IEbn R S0 Ao SR
The cor r osiasns custostaay eith tine aitidieg pocetdeparts in neutral salt spray

10 according to the _standard |1SQ 922 of the s -t
Fecar e 1Y e g cBERLN 1o 85tane heShubldn RS I ARk fal seray
The conposiaeoordisg & #cetaniRas|S@ d207) b tEasamples tneied akcsalrg wphay

according to the standard ] SO 9227) of t sanples treated in a
standard baEHEN &HAYPPY %Wﬁ@@ﬁ)@@@dé%@ ‘hours. 15 Exanple 8

(according to the TRY@BEbSBA resistance (meSaiBHH TRPLOM dafFdedit spray
guenched and tenpered then ground with an initial roughness of =

. Ra =
0. 34 pm weECHding Wellie(sandard ASOr 240 &f thmsampiesdreatesd i stasdard bahl e
1) in the %agﬁ.n B85 ©48f n@@%@r@r& i.e. for two 20hours at
590C in a bat P@%encf?%al to tgﬁaat 0 arrfpl e 1, containing:
15
Example 8 (according to the invention)
Samples made of 42CrMo4 quenched and tempered then ground

with an initial roughness of Ra = 0.34 um were nitrided (after a preparation
similar to that of Example 1) in the same way as those of Example 7, i.e. for two
20 hours at 590°C in a bath identical to that of Example 1, containing:
- 28% sodium cyanate
- 22% sodium carbonate
- 45% potassium chloride
- 5% lithium carbonate
25 A layer of iron nitride of 16 +- 1 pm was formed with a final
roughness of Ra = 0.44 um. For comparison, identical samples which were
treated for two hours in a standard bath (not according to the invention) have a
layer of iron nitrides with a final roughness of Ra = 0.85 um in the case of a
layer with a thickness of 14 +/- 1 um.
30 The layer of iron nitride formed in the bath according to the invention
is of type € (Fep3N) and has a level of porosity less than 5% (measured by

optical microscopy) and has a hardness of 1020 + 40 HV;.01.



28% sodi um cyanate - 22% sodi um car bonate 45% potassi um chloride - 5%
l'i thium carbonate 25A |l ayer of iron nitride of 16 +/- 1 pmwas forned
with a final roughness of Ra = 0.44 pm For conparison, identical
sanpl es which were treated for two hourld in a standard bath (not
according to the invention) have a layer of iron nitrides with a

final roughness of Ra = 0.85 pmin the case of a layer with a
thickness of 14 +1- Pdrhg?br 3P 1 hlf%%r fd?ifnel:lrlﬁnt gl étéh@@rdf l@étﬁﬁg df“cyf)
bath according to t I nvention I's of F has a’l evel
of porosit y(Aegshl) ahdrh:as% I(avma:é tpoe:snpy:oo'misedibetwaano%@!ro@/)’fﬂ%r{mqﬂﬁgf@

har dness of, 1020

formod  n iboghea eI GaRN and e 2 ppsingss eb 85 YERYRma & BleBlrel B
porosity Cogw%%ﬁﬂhmmg@ef B2 IQMS%%&E@@\ﬁtﬁreﬁgtahﬁaﬂpbatﬁaé explained by
m croscopy) an har dness of 40 FI V . A lower |evel of
appar ent5 hatheirebigher leved of M@%’EYOBID afﬂﬁfedt & Wﬁ“ %@M&hﬁ)ﬁ*dhﬁaﬁrﬂsﬁ@e of
explained b | 0, | I

known t hat %/%%Sdf g's%nﬂcyelg%%m&\ée{h 'fef Bf’d’n%éhéé?ﬂé%)léyérﬁgég ehé%étﬁ:nvﬂ the
resi stance mﬂehfwubadéjrsrneasupegaarcmasen by the indenter used for
measuring hardness. Exanple 9 (according to the invention) 10
Anneal ed C45 sanples with an initial roughness of Ra = 0.20 pm were

prepared and nitri dethmple 9\(Aosardihg t&thénﬁ:en‘tmnll hour at 580C in a
bat h contai ni ng 28% sodi um cyanat - 2%%38 i um

car bonat® 180naged p@f"és%ﬁfﬂﬁf?%m"m adle iniia), \QUORNERA Chr BRrarG20 Hm were
A layer of r% Srad Jaanﬁl’M%ﬁdff’é e Enidle &, fildlabr HOHEIRN@E $80¢C R & bRt S

pm For co I'son, identic sanpl es whi’ ch were treated for three
hours in a swruadmgﬂ bath operating with a high | evel of cyanides

(5.2% have a layer. ,go sodium cyanate

- 22% sodium carbonate
15 - 45% potassium chloride

- 5% lithium carbonate

A layer of 10 +/- 1 um was formed with a final roughness of Ra =
0.25 um. For comparison, identical samples which were treated for three hours
in a standard bath operating with a high level of cyanides (5.2%) have a layer

20  with a final roughness of Ra = 0.27 um in the case of a layer with a thickness of
7 +/- 1 um.

It therefore appears that with an equivalent final roughness, aithough
the treatment time is longer, the thickness of the layers obtained in a standard
bath with a high level of cyanide is less than the thickness of the layers obtained

25 in a bath according to the invention. This is explained by the fact that, in
addition to being more poliuting, a bath with a high cyanide content is also
carburizing, i.e. carbon will diffuse jointly with nitrogen into the steel. The carbon
and the nitrogen are in competition during the diffusion since they occupy the
same sites in the iron crystal lattice. The presence of carbon will therefore limit

30 the diffusion of the nitrogen, which will result in less thick layers.



20 with a final roughness of Ra = 0.27 pmin the case of a layer with
a thickness of 7 +/- 1 p.m It therefore appears that with
an equi val ent final roughness, althougnsthe treatnent tinme is |onger,
the thickness of the |ayers obtained in a standard bath with a high

| evel of cyanide is |less than the thickness of the | ayers obtained 25
in a bath according to the invention. This is ex Iaineg,bﬁ% he f%ﬁt
that, in addition A% padiegtesor abp¥d| utheng, COMALSIIRNG ¢ Raiga dIgh“&ya Fde
content is i ZJ k- i 0 i di.f 6| itt e
it ogen | ESRETIPLE] Ekfpiel. FernEeBTRAL bl ARG shBUBlod L
conpet i ti oindikationg of hentefsffos trencysinivedons epplyde apgratine, iaking asceert ofn
the iron crystal .lattic

s0the di'f 1 18 Bl fRuSfiee i bR ft (1R 80l ol Kpopt Eoflitiof

| ayers.5 13fthe bath as stblé agip@wa;ég_above, t he conpositions indicated
in the abovenenti oned exanpl es define the new bath, it being

stipulated that the indications of contents for the cyanide ions
apply in operation, taking account of the reactions involved in the
nitriding (it is then sought to keep the conposition 50of the bath as
stable as possible). 16 CLAI M5 1. Molten-salt bath for
nitriding mechanical parts nade of steel, essentially constituted by
(the contents are expressed by weight): 25%to 60% al kali netal
chlorides, 510%to 40% al kali netal carbonates, and 20%to 50% al kal
netal cyanates, a maxi num of 3% cyanide ions, the total of the
contents being 100% 2. Molten-salt bath according to
claim1l, in which the alkali netal



10chl orides are lithium sodium and/or potassium chlorides.

3. Molten-salt bath according to claim1 or claim2, in which the

al kali nmetal chloride content is conprised between 40% and 50%

4. Molten-salt bath according to claimi® in which the alkali netal
chloride content is at |east approxinmately equal to 45% 155.

Mol ten-salt bath according to any one of clains 1 to 4, in which the
al kali metal cyanate content is conpgiggsisbet ween 20% and 40%

6. Molten-salt bath accordin(‘;]to claimb, in which the alkc; taI
cyanate content is leoMpliereal dutihefen @BWSnE!’esb%lca‘ parts made © 5"99‘

Mot en- sal t ol RaRFEatIS bY (RBXoARMIChBIdipd bl diightl:n Whi ch the

20 al kal i ona e Co ent I'S conpri en 20% and 30%
8. Mdlten-salt bath aBB%rtdionge a[ﬁai’zhm’tahchloriclasmhi ch the al kali netal

(Ii/glr {ogzat Itcolr)];teﬂt agio?@ﬁéi@gpi‘&g vvee%rl]&a o a %9 essenti al | y9-

constituted by: 25-- 258%t8 nggmmgm@ygnabg,, - 25%to 30% sodi um
and lithium carbonates, - 40%to 50% pot assi um chl ori des, - a maxi mum

of 3% cyani de ions,” t AS&MMHEFO AT S¥ANERI®St s bei ng 100% 3010.
Mol ten-salt bath aqﬁgq@[hp& th® cGhBh® hing$e@AL i al |y consti tuted,

before formation of cyanide 1ons up to a maxi mumof 3% by: - 28%
sodi um cyanat e, 2. Molten-salt bath according to claim 1, in which the alkali metal
10 chlotides are lithium, sodium and/or potassium chlorides.
3. Molten-salt bath according to claim 1 or claim 2, in which the alkali
metal chioride content is comprised between 40% and 50%.
4. Molten-salt bath according to claim 3, in which the alkali metal
chloride content is at least approximately equal to 45%.
15 5. Molten-salt bath according to any one of claims 1 to 4, in which the
alkali metal cyanate content is comprised between 20% and 40%.
6. Molten-salt bath according to claim 5, in which the alkali metal
cyanate content is comprised between 25% and 30%.
7. Moiten-salt bath according to any one of claims 1 to 6, in which the
20 alkali metal carbonate content is comprised between 20% and 30%.
8. Molten-salt bath according to claim 7, in which the alkali metal
carbonate content is comprised between 25% and 30%.
9. Molten-salt bath according to claim 1 or claim 2, essentially
constituted by:
25 - 25% to 30% sodium cyanate,
- 25% to 30% sodium and lithium carbonates,
- 40% to 50% potassium chlorides,
- a maximum of 3% cyanide ions,
the sum of these contents being 100%.
30 10. Molten-salt bath according to claim 9, essentially constituted,
before formation of cyanide ions up to a maximum of 3%, by:
- 28% sodium cyanate,



17 - 22% sodi um carbonate, - 5%l ithium carbonate, - 45% potassi um
chl ori de. 11. Process for nitriding nmechanical parts
made of iron or steel, 5 according to ywhich these parts are inmersed
in a bath of the abovenenti oned conposition, at a tenperature

conpri sed between 530C and 650C for a maxi mum of 4 h.

12. Process accordi to claim1l, according to which the parts are
imersed in the batﬁgcé‘tsoé("'{r%ﬁﬁwm’e conpri sed between 578C and 590C
for 10 a maxi mum of 5%, |fhium carbonate, 13. Mechanical part nade of
nitrided steel obtained by the process according to either one of
claims 11 and 12, n8%%dciegRiumegloside- trace of a subsequent mechani cal

finishing process §ycha%8r{Pdiflling mechanical parts made of iron or steel,

5 according to which these parts are immersed in a bath of the abovementioned
composition, at a temperature comprised between 530°C and 650°C for a
maximum of 4 h.

12. Process according to claim 11, according to which the parts are
immersed in the bath at a temperature comprised between 570°C and 580°C for
10  a maximum of 2 h.
13. Mechanical part made of nitrided steel obtained by the process
according to either one of claims 11 and 12, not exhibiting any trace of a

subsequent mechanical finishing process such as grinding.



