1 METHOD FOR COOLING METAL PARTS HAVING UNDERGONE A
NITRIDING/NITROCARBURISING TREATMENT IN A MOLTEN SALT BATH, UNIT FOR
IMPLEMENTING SAID METHOD AND THE TREATED METAL PARTS 5  The invention relates to a
method and a facility for cooling metal parts that have bgen subjected to a molten salt bath
nitriding/nitrocarburizing treatment. The invention also relates to the parts so treated. 10The use of

methods that employ a thermochemical diffusion of nitrogen b%nitridin or nitrocarburizing in baths of
molten salts to redM¥&thid @6:ielBnES Rletid P IMdrifbkolA R E 2 eHRY] @M%@%@@@W«%ar resistance of

metal parts is fully ungaFieRs RASEERSHOGRB (i3t FREeiviERSE Relhboits gengrally comprise

cyanate and alkaline carbonate. When the 15 nitriding temperature is reached, the alkaline cyanate

releases nitrogen abélcdrddh WHick bifude@ied MBIsENAEE! b tife otk O kréddbhtiiNids are generally
between 20 and 18Qmm fh@ﬁﬁ@tmﬁg@g Lﬁ%mo and 700C. These industrially used processes

are known for example under ran mes SULF or TEN1FER. 20 It will be remembered that
a nitr d ng/n tsocarbunzing treatment process comprises the following main steps: degreasing the parts,
preheating, 25nitrocarbur ¢, {reatment S3240% HBRBS 2A8 M eility for cooling metal parts

that have been subjected to a molten salt bath nitriding/nitrocarburizing

treatment. The invention also relates to the parts so treated.

10 The use of methods that employ a thermochemical diffusion of
nitrogen by nitriding or nitrocarburizing in baths of molten salts to reduce the
coefficient of friction and improve the adhesive and abrasive wear resistance
of metal parts is fully understood by those skilled in the art. In the main,
these salt baths generally comprise cyanate and alkaline carbonate. When the

15 nitriding temperature is reached, the alkaline cyanate releases nitrogen and
carbon which diffuse over the surface of the part. The treatment times are
generally between 20 and 180 mn at temperatures of between 400 and
700°C. These industrially used processes are known for example under the
brand names SURSULF or TENIFER.

20

It will be remembered that a nitriding/nitrocarburizing treatment
process comprises the following main steps:
- degreasing the parts,
—  preheating,
25 - nitrocarburizing treatment,
- cooling,
- rinsing,

- drying,



2  When ferrous alloys are concerned, this treatment generally causes two characteristic zones to form:
a first surface zone, with a thickness of between 5 and 30 pm consisting mainly of ¢ nitrides (Fe2-3n) and
7' nitrides (Fe4N), known as the compound zone, followed by a second zone, with a 5 thickness
generally of between 0.2 and 1.5 mm characterized by the presence of nitrogen in solid solution in the
iron grains and in the form of nitrides of alloying elements, known as the diffusion layer. Various

alternative methods of cooling after the nitrocarburizing 10treatment have been developed in order to
improve some features oMEERJREERYHAHSYA Al SRIGEREHL thith &redmssioaeraRineaUst the treated

parts is obtained by\(BPIaGIRGNAE FIRBSREIGHRY BYiRe Qrlfkedg Gt %i(ﬁ QUERGLEIE B 20C).

Treatment of this kind, known for 15example under the brand names Arcor(r) or AB 1(r), produces a black
iron oxide (Fe304) betwrenrbaed 3 Hateoasisithgtinainly thbaonitiisiee<Eedr3m) amgrovairides in the ductility

of the parts treated, ai cing water C ooling b ing.that is,slower such as oil
cooling or slower stgﬁ%a@ﬁ iboﬁr?d\g’]v%%v% %o%%& @(ﬁaﬁis?(é)é %éécgr%%r%(\é&r%%%y?gr %gﬁgqh%tﬁga&\r’%ﬁv%ithstand
significant digortionhitherepagsnekdHineflmtevebata? temd: @b byrthehprasterizeddyr tie pitesdagarecipitates

7'-Fe4N and a"-FelgN llel to, th in boupdaries in the diffusion 25| The. ipitation i
T s S AR R AE iR Ao A spren

alloying elements, known as the diffusion layer.

Various alternative methods of cooling after the nitrocarburizing
10 treatment have been developed in order to improve some features of the
treated parts:

- an improvement in the corrosion resistance of the treated parts is
obtained by replacing water quench cooling by an oxidizing salt
bath quench (380-420°C). Treatment of this kind, known for

15 example under the brand names Arcor® or AB1®, produces a

black iron oxide (Fe304) on the treated surface.

- areduction in the brittleness, or an improvement in the ductility

of the parts treated, is obtained by replacing water quench

20 cooling by cooling that is slower such as oil cooling or slower still
air cooling. Slow cooling is also recommended for parts that

cannot withstand significant distortion. The parts obtained are

characterized by the presence of iron nitride precipitates y’-FesN

and a"-FegN,, parallel to the grain boundaries in the diffusion

25 layer. The precipitation is related to the decrease in the solubility

limit of nitrogen in iron with the temperature.

For an industrial treatment of parts, the latter are placed in a metal

rack to facilitate the transportation thereof, using robots for example,



3 between the various treatment stations. For reasons of productivity, the fill factor of the rack is at
maximum, so that the parts are able to be in contact with each other. The parts are transferred from the
nitriding bath to the cooling zone for a length of time such that, in contact with the ambient air, 5 oxidation
or surface discolouration spots appear on the surface o§ a more or less significant portion of the treated
parts. Tests carried out in the laboratory have shown that after a transfer time of more than about 30

seconds, oxidation spots are seen to appear on some parts only, whereas after a transfer time of some
120 seconds, all thEghaReFaeowdHioRs Ratinerippaians. o-ehdannstedl RFaAsrsvitnetiflken two

successive treatmeplrngstie4apeTRl MRAVRRMINES SN ANARIRR are dbRNRIISLaIFeRRARpted that air

cooling inevitably induces a surface oxidation of the parts. 15It’is quite obvious that the presence of these

oxidation spots is nwﬂfﬁc@@@lablbefor%%ﬂ@ﬁ%f%@ﬂoﬁ%@%éw@kﬁ@@d@trﬁﬁhéh%}l to the
appearance of the q%@@%&ﬁbs?o}oat%@fl’%f PRSEGAN YT ﬁPBBﬁ?éb?r;vﬁifﬁ%é“ Affigg in terms of

surface cleanness. e oxidized Zzones generate dust which may, when [ubricants are present,
create aggre§ates, @fidaziobrivrgsatiece dineeivg atiear gpeisisppeantul foe thefane ofednampplication. In the

current state of the art, the ipdustrial solutipns pro ed cannot ensure, a molt It bat
S namocarbu oo SRR UL AR AP TR eRer St FSl 0T AR S8y o4 enougn

appearance, in 25dthee vghodsnwitfanaftexce afamsidatiome nényaktitbgmardbdutad®d secondsthis respect, it
should be recalled that the technical field of the invention relates to an (igri&us\i[\gf?l treatrp(ent of parts which
a

cannot be compare%gﬁﬂ%nﬁpﬁ%amitﬁ%gr %r?ﬁﬂaafre%rﬁgmepg%?‘n? t 6?3?0%/ V8l where the

parts are only treatedrisfenatéluantiires1 A Rdesddt, dN the phrighredxivi aiteahe mipgug, bath, the parts
are able to be transferred quickly enough to avoid oxidation during water cooling for example. It will be

understood #at thidie ABYIEEIHIEaGRTER HIAEshRINEERIhSHOSTEHYE HiFABRE S BARRSidYo be treated

simultaneously, thegeky &l IganRerritna R séanifcailigeiection rate. Even by reducing the part transfer time
as much as possible, particularly between the treatment zone and the cooling zone, it then proves
necessary to conduct a vifud1GH¥hakioReanateduiiitlsalt 600 bRInERAID kY tHid Bersen &IdReXidation traces

is to be guaranteedyyjdation of the parts.

15 It is quite obvious that the presence of these oxidation spots is not
acceptable for some applications. Not only are these spots detrimental to the
appearance of the parts, but also to their use, particularly for applications that
are exacting in terms of surface cleanness. Indeed, the oxidized zones
generate dust which may, when lubricants are present, create aggregates, and

20 bring about abrasive wear that is harmful for the intended application.

In the current state of the art, the industrial solutions proposed cannot
ensure a molten salt bath nitriding/nitrocarburizing treatment that has a
sufficiently high degree of cleanness and is of good enough appearance, in

25 other words with no trace of oxidation on any of the parts treated.
In this respect, it should be recalled that the technical field of the
invention relates to an industrial treatment of parts which cannot be
compared with a nitriding/nitrocarburizing treatment performed at laboratory

level where the parts are only treated in small quantities. As a result, in the



10US patent 3560271 relates to a method of nitriding in baths of molten salts with the aim of slowing
down cooling after nitriding so as to reduce the working stress levels in order thereby to limit the risk of
the layer cracking. Vacuum cooling can only occur through radiation, thereby giving cooling times that are
not easily compatible with an industrial process (from sgveral 15hours to several tens of hours).
Moreover, the use of said process does not ensure the complete absence of any trace of oxidation when
treating a large number of parts which requires relatively high transfer times between the treatment

station and the cool RSB MSEHHE NG dFAglasP Ry Ry erAbkSsIe T ERBSRRTHRISOBIRKAV load
stabilization phase%ﬁgwﬂ%%}g[g%@ﬁg}p&@f% Mf@ﬂc’ﬁ@"ﬁ@"ﬁﬁ' é@ﬁﬁjfés, and therefore minimum
I v !

transfer times).  Itis Clear therefore from an analysis of the prior art that the industrial solutions in use
cannot ensure a molten sHivgibaitisieisiantotatolivizisgnet pessibleranan Hdistdaferiatly high degree

of cleanness and is},@deg]ogdlg u%éﬂngﬁ%?ngfo rb\é’og‘gﬁtéﬁitgiFﬁ%lttra%%ﬁgly,)(iﬁféﬁj on any one

portion or on any of the parts treated. e understood that it iIs not possible, especially
where an indGistrialgesatatingt dssignitieantk) eotudntainiep &nsrtiyt reckicngitherniy tdcanitenthite at the same

time showing no trace of oxidation, The purpose by the . invention is to overcome these
drawbacks i & st giantart s, BT e Y e A i SR venon

therefore sets out taaesallythe thaives etesessagy ito respalt Gf wisuabinsedtioecdnteatoitsetal parts that
have been subjected to @tﬁ%olten S EIhba h nitridi 8/nH5gicarburizin% tr atment,ﬂiha there 10are no traces
2 A ¢

of oxidation-corrosiBHt, ey FHEFSB Y Q'H{BFS% to be guga ve this problem, a

method has been devised and perfected for cooling metal parts that have been subjected to a molten salt

bath 15nitriding/nitrocarburizing treatment, according to which: L
10 US patent 3560271 relates t0 a method of nitriding in baths of molten

salts with the aim of slowing down cooling after nitriding so as to reduce the

working stress levels in order thereby to limit the risk of the layer cracking.

Vacuum cooling can only occur through radiation, thereby giving cooling

times that are not easily compatible with an industrial process (from several
15 hours to several tens of hours).

Moreover, the use of said process does not ensure the complete
absence of any trace of oxidation when treating a large number of parts
which requires relatively high transfer times between the treatment station
and the cooling station (i.e when transferring the loads, mass inertia compels

20 part load stabilization phases after deceleration particularly during horizontal

transfers, and therefore minimum transfer times).

It is clear therefore from an analysis of the prior art that the industrial

solutions in use cannot ensure a molten salt bath nitriding/nitrocarburizing

25 treatment that has a sufficiently high degree of cleanness and is of good
enough appearance, in other words, with no trace of oxidation on any one

portion or on any of the parts treated.



before the end of said treatment, a chamber, arranged so that the oxygen contained in said enclosure can
be discharged in order to create an inert atmosphere, is filled with refrigerant, in liquid form and with a
strong capacity for volume expansion as it evaporates, 20all the treated parts are transferred into the
chamber, the chamber is closed, the parts are left in thg chamber for a preset length of time to reach a
temperature at which the salt congeals and forms a protective barrier, the parts are removed and

subjected to a rinsing operation. 25 To advan ﬂtgge the refrigerant is liquid nitrogen which will evaporate
very quickly due to the heBtWiltidsehn HReesTas shaisit SnrPEPaptRAeiopSRARIRHYNYBErE #Blume of gas

about 630 times gr‘?ﬁtﬁﬁ&ﬂ‘émﬁ'%éﬁﬂ'eﬁ?w 86%%%98%&%”?%%@ dpirsgkinsidihg ehpmber. The

result is a 6 cooling that is slow in the metallurgical sense of the term, but fast enouigh to be compatible
with an industrial pwhdgélt@ﬂﬁﬁéfbaﬁmmsélﬁ\d\ﬁéﬁfmﬁf@%ﬁéﬁéﬂ@ﬁ@mng that they have a degree of

ductility with no risk of ox@ﬁg @%%ssgp[}yeqﬁﬁg& %qlnl'%e(gfﬁ;% dFﬁeqﬁQ%e&r%Mﬁg %ntdust

emissions. 5 According to a r featu eris liquid nitrogen, mm before
the end of thé nitriditrgipititarardndriziie, aHitierirandtatienahchafnhe nitriding/nitrocarburizing treatment the
parts are transferred vertically to the chamber filled with liquid nitrogen at a minimum rate of 6 10 m/mn.
After cooling to a temperature of about 350C, they are rinsed in water at a temperature of between 40 and
50C, and then in water at Bhtepiuéiiatoréhef inebmeien theeafdraSéets out oo iespleenenttibe ofiethod, the
cooling chamber is placed in. dlrec%&ﬁ tlon with t nltr idin /n\‘[roc urlzm st tlon %/? hile being

secured to a transf P%lérmggg]ffﬁsg %H%?HF 6'? i Ay Ba{ﬁ @resolve the

problem posed of ohiigjede acsmdmiIsmm‘ahhmnaﬂmgndtmmmﬁb/tr@mhéntrcmmh?@wratlon of the
inside of the chamber,
10 are no traces of oxidation-corrosion, so that the ductility thereof can be

improved.

To resolve this problem, a method has been devised and perfected for
cooling metal parts that have been subjected to a molten salt bath
15 nitriding/nitrocarburizing treatment, according to which:
before the end of said treatment, a chamber, arranged so that the oxygen
contained in said enclosure can be discharged in order to create an inert
atmosphere, is filled with refrigerant, in liquid form and with a strong
capacity for volume expansion as it evaporates,
20 - all the treated parts are transferred into the chamber,
the chamber is closed,
the parts are left in the chamber for a preset length of time to reach a
temperature at which the salt congeals and forms a protective barrier,
the parts are removed and subjected to a rinsing operation.
25
To advantage, the refrigerant is liquid nitrogen which will evaporate
very quickly due to the heat of the bath and of the parts. Said evaporation
will produce a volume of gas about 630 times greater, which will very

quickly discharge the oxygen found inside the chamber. The result is a



20 without having to resort to pre-pumping systems to drive out the air initially present, the chamber
consists of a double-walled bell into which the liquid nitrogen is injected, said double wall having
arrangements for diffusing the nitrogen inside the bell. 25According to other features, the base of the bell
engages with means capable of giving free access to thge inside of said bell for the transfer of parts, and of
closing this access during the cooling phase The means consist of doors secured to one portion of the
treatment station. 7 The invention also relates to the parts that have been subjected to a molten salt

bath nitriding/nitroce®BliIRgiHiptAs D HecEeil tainak sene RIS I ihRFIPAPHER. Wore generally,
the invention relategdQ dpeiadipRMiFitA ERshRESRTalPiokdis, S¥tRiABRA PR RASREPRGE Nitride

Sprecipitate is present in the diffusion zone  The invention is disclosed hereinafter in further detail with
the help of the appéhBlgdNaréingeyvrr@indegree of gyglitsylwath amgnthaxtlaiesssettion view of the

bell-shaped 10chargla%[ A ' uy Lp I i RisSi 4 are diagrammatic
views showing main gsegoéﬁgplgeo}t%éggtﬁr%@ m‘%&%&‘%ﬁ%ﬁ%ﬂﬁﬂg%@%rgg‘%]e invention. Figures 5,
6, 7, 8 and 9 show a sample of parts after a 60-minute treatment in a SURSULF nitrocarburizing bath
(CN-: 4.15%; CNO- 15 30.59%) at5 and cooled,accprding to rior.art.and in. different conditions
(figures 5, 6, 7 and 8) an cg&@ iEr?g [%%n%r %%"g%rt?on',“?.éﬁi%‘ﬁgﬂi'cf trﬁﬁog(\al\ﬂt ié e r)w;lt\;\(l)lg? Bach sample is
associated the corr2gpchding efore- fectnd . Fhben fnidiitg fotrdcarmalizing atedtatbnt. At the

nitriding/nitrocarburizing of metal. parts is not described in detail since it is fully undersiood by those skilled
inthe art, even thoddh 4815 HH LIRS THARGARY s SRR Rdfor e TaRRESint is adapted
to treat the parts orvenibadlysisiahbasisnisar ol s petatalyuiuiitrogetches, fanexampiesbyfdacing said
parts in a metal rack 25in order to facilitate the transfer thereof b%/ robots between the varjous treatment
stations. 10 m/mn. After cooling to a temperature of about 350°C, they are rinsed In

water at a temperature of between 40 and 50°C, and then in water at a

temperature of between 15 and 25°C.

To implement the method, the cooling chamber is placed in direct
15 relation with the nitriding/nitrocarburizing station while being secured to a

transfer carriage for a quick transfer of all the parts into said chamber.

To resolve the problem posed of obtaining a slow cooling of the parts

and an extremely rapid nitrogen saturation of the inside of the chamber,

20 without having to resort to pre-pumping systems to drive out the air initially
present, the chamber consists of a double-walled bell into which the liquid
nitrogen is injected, said double wall having arrangements for diffusing the

nitrogen inside the bell.

25 According to other features, the base of the bell engages with means
capable of giving free access to the inside of said bell for the transfer of
parts, and of closing this access during the cooling phase. The means consist

of doors secured to one portion of the treatment station.



8 transfer carriage for a fast transfer of all the parts under consideration (P) into said chamber (1). As
indicated, the parts (P) are placed in a rack (R) for example. According to one significant feature of the
invention, the chamber (1) 5 consists of a double-walled bell (la) into which liquid nitrogen is injected. This
double wall (la) has arrangements for diffusing the liquig nitrogen inside the bell (1). For example, the
double wall (la) has baffles (Ib) for diffusing the liquid nitrogen through calibrated orifices (Ic). The liquid

nitrogen is supplied via any known appropriate means (2). The bell (1) is 10 secured to the transfer
carriage. The bell aperturd b dayshtinspFRirtendarBecRA i fhalgbavRie b srdies ethéP(8) secured to

the nitrocarburizingstalian sait  RRRETRAGEIRDAHIFPSHIRIMEP HRtRRA:, SRBHH4iM]IGH Stigw the main

phases of the method forming the basic features of the invention. The 15 nitrocarburizing treatment as
such may for examffiatweoihéhe packneavalaars. thdoeasienataiy, SURBURRIOTERIaSRI@tc. The length

of the treatment is gg%%@%ﬁgiﬂ%gﬁ%%ﬁ] @x&(}ﬁgl m &agdﬁ&(&#g%%/ééﬁtr\?%%@gﬁg( %Qtﬁaéi 60 minutes.

The bell (1) is plac e parts ) are quenched. The
doors (3) ancb(4) aiwenpeitaB0i§igese®) in the Aiffwsionizotes, between 2 and 3 approximately, before the
end of the n trocarburizing process, liquid nitrogen (A) is injected through the double wall (la) as
previously indicated, in order to discharge very quickly the 25 oxygen found inside the bell (1) in order to
provide the parts (P) with ahaétadotigicadlvlistdosed bbrgnaften indurtienasdibvattiitur@dp of  In figure 4,
all the parts (P) are transferr ddﬁ{side the tlgellélrg_ filled with liquid nitrogen (A). The transfer is performed
at a fast rate of abouf §MHAE 8‘%&%"( fr 0 (4) are then closed so that the cooling operation as 9

such can take place. Dependiguen thie padidgassmadielingnosistoipiiegebpeinddf-thagds order to reach
about 350C in the absence of oxygen, noting that, above this temperature, there is no further oxidation.

This period & time is typicall18 ﬂ'i%W@@Sé&mﬁfﬁﬁ%ﬁﬁaﬁé%énﬁﬁ?f'ﬁﬁriding or 5nitrocarburizing

treatment time. - Figures 2, 3 and 4 are diagrammatic views showing main phases of
the treatment method according to the features of the invention.

- Figures 5, 6, 7, 8 and 9 show a sample of parts after a 60-minute

treatment in a SURSULF nitrocarburizing bath (CN-: 4.15%; CNO-

15 30.5 %) at 580°Cand cooled according to the prior art and in

different conditions (figures 5, 6, 7 and 8) and according to the

invention, i.e. in liquid nitrogen (figure 9); with each sample is

associated the corresponding micro-section.

20 The facility for the molten salt bath nitriding/nitrocarburizing of metal
parts is not described in detail since it is fully understood by those skilled in
the art, even though able to be found in various alternative implementations.

The facility is adapted to treat the parts on an industrial basis i.e. not
separately, but in batches, for example by placing said parts in a metal rack

25 in order to facilitate the transfer thereof by robots between the various

treatment stations.

According to the invention, a cooling chamber (1) is placed in direct

relation with the nitriding/nitrocarburizing station while being secured to a



It should be noted that the rate of 6 m/mn depends on the distance between the level of the nitriding bath
and the input into the bell; this rate may therefore be faster or slower depending on circumstances: the
faster the 10rate, the more accurate the results will be. After this cooling, all the parts are rinsed, said
rinsing being carried out in water brought to a temperatgre of 40 to 50C, and then in water brought to a
temperature of about 20C. 15 Reference should be made to figures 5, 6, 7, 8, and 9 which show the
results obtained in respect of parts treated using prior art solutions, in figures 5 to 8, and in accordance

with the invention, aigirecaran iRy aéastiransienptod HHonessIyeS cansieralipadBdiiRg to the prior
art by quenching th?aﬂaeﬁam%?tﬁ;?i&e'iﬁm%?éﬂ?%@ Biies s 'ai%i%eé'ailtiﬁ%%eﬁzw fgatment

(impossible in industrial conditions), as in figure 5, or after a more or less lengthy period of time after the
treatment, namely 88a8RBnds after the treatment (figure 6), 60 seconds after the 25treatment (figure 7)

and 120 seconds after th ﬁgm-w fj 8) .. idati arts and an
absence of nitride precipi%%egs inlt eE céi%%l%ﬁﬁ‘&%%ﬂiﬁa egg?étrﬁ ‘lérjlf?lqééure g? I}I?\ééeg%p@egaetpmﬁ e of oxidation
spots (brownksh spots)sisttl clba ol erwalke détic(da)sin wkicholigundbritroperidizegeetades with the
increase in time between, leaying the hath and_quenching in,wa an be,seen in figures 6, 7 and 8. In
parallel with the apgléésrgiwé(’:ue%\ééf &/%ISIZ(%a dPz"’lcg'd"Jl(ﬁlroarrl1 S eé% rsniggg-geé{;@%'&go?\%esﬁgwqh%%{é% eer;:lrance of a
growing number of insit@xtue ek dip)iakes, parapitd, tththe qlblreewilih€l gy diasbioafifidar(@b) Sard appearance

temperature. 101 i (LR LB AL B e NIRRT 678 ddftitis MdWrgures o, 7
and 8 that cooling hyitvsater fftaupptidingnirgcRhdpwiziagpessarohgiyes ¢P) amhadvirialbigsis, clean
ductile parts, i.e. with no trace of oxidation and with the presence of nitride precipitates in the diffusion
zone. 10 secured to the transfer carriage. The bell aperture, located at the lower end
thereof, engages with doors (3) and (4) secured to the nitrocarburizing
station.
Reference should be made to figures 2, 3 and 4 which show the main
phases of the method forming the basic features of the invention. The
15 nitrocarburizing treatment as such may for example be of the type known
under the brand name SURSULF, TENIFER etc. The length of the treatment
is generally between 20 and 180 mn and is typically between about 50 and
60 minutes. The bell (1) is placed over the bath (T) in which all the parts (P)
placed in the rack (R) are quenched. The doors (3) and (4) are open

20 (figure 2).

A few minutes, between 2 and 3 approximately, before the end of the
nitrocarburizing process, liquid nitrogen (A) is injected through the double
wall (1a) as previously indicated, in order to discharge very quickly the

25 oxygen found inside the bell (1) in order to provide the parts (P) with a
metallurgically slow cooling in an inert atmosphere (figure 3).

In figure 4, all the parts (P) are transferred inside the bell (1) filled

with liquid nitrogen (A). The transfer is performed at a fast rate of about 6

m/mn. The doors (3) and (4) are then closed so that the cooling operation as



15According to the invention, cooling in liquid nitrogen, as in figure 9, clearly shows the absence of
surface oxidation traces and the presence of nitride precipitates, with consequently improved mechanical
properties. Reference should be made to the table below which shows the hardness reading (Rq:
roughness reading is of no help) in respect of parts 20 gfter 60 minutes treatment in a nitrocarburizing
bath (CN-: 4.15%; CNO30.5 %) at 580C, according to the test conditions instituted and shown in figures 5

to 9 i.e. cooling by water quenching immediately after leaving the treatment bath (column A), water
quenching 30 secoPdHa 8RR ¢Re DRRAPAENE BAHING BRIMMESS, FaBEINELRITHEPBE@ S8konds after

treatment 25(columgy G4 WieTRRIGRCHIRE 480regdo s @5 dFeatmank (Gakdmia B 8RfyeRCling in liquid
nitrogen (column E). A 11 Hardness (Hv0.1) at 295 265 230 170 190

noting that, above this temperature, there is no further oxidation. This period

of time is typically less than or substantially equal to the part nitriding or

5 nitrocarburizing treatment time.

It should be noted that the rate of 6 m/mn depends on the distance
between the level of the nitriding bath and the input into the bell; this rate
may therefore be faster or slower depending on circumstances: the faster the

10 rate, the more accurate the results will be.

After this cooling, all the parts are rinsed, said rinsing being carried
out in water brought to a temperature of 40 to 50°C, and then in water

brought to a temperature of about 20°C.

15
Reference should be made to figures 5, 6, 7, 8, and 9 which show the
results obtained in respect of parts treated using prior art solutions, in figures
5 to 8, and in accordance with the invention, in figure 9.
20 In figures 5, 6, 7, and 8, the cooling is carried out according to the

prior art by quenching the parts in water either immediately after the
nitriding/nitrocarburizing treatment (impossible in industrial conditions), as
in figure 5, or after a more or less lengthy period of time after the treatment,
namely 30 seconds after the treatment (figure 6), 60 seconds after the

25 treatment (figure 7) and 120 seconds after the treatment (figure 8).
The absence of oxidation spots on the parts and an absence of nitride
precipitates in the diffusion layer can be seen in figure 5. The appearance of

oxidation spots (brownish spots) and above all a marked increase in the
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number of oxidized zones with the increase in time between leaving the bath

and quenching in water can be seen in figures 6, 7 and 8.

In parallel with the appearance of these oxidized zones the micro-
sections show the appearance of a growing number of iron oxide precipitates,
parallel to the plane of the grain boundaries. Said appearance is characteristic
of slow cooling and is related to the decrease in the solubility limit of

nitrogen with the temperature.

It is therefore clear from the experiments conducted in the conditions
as in figures 6, 7 and 8 that cooling by water after nitriding/nitrocarburizing
does not give, on an industrial basis, clean ductile parts, i.e. with no trace of

oxidation and with the presence of nitride precipitates in the diffusion zone.

According to the invention, cooling in liquid nitrogen, as in figure 9,
clearly shows the absence of surface oxidation traces and the presence of
nitride precipitates, with consequently improved mechanical properties.

Reference should be made to the table below which shows the
hardness reading (Rq: roughness reading is of no help) in respect of parts
after 60 minutes treatment in a nitrocarburizing bath (CN-: 4.15%; CNO-
30.5 %) at 580°C, according to the test conditions instituted and shown in
figures 5 to 9 i.e. cooling by water quenching immediately after leaving the
treatment bath (column A), water quenching 30 seconds after leaving the
treatment bath (column B), water quenching 60 seconds after treatment
(column C), water quenching 120 seconds after treatment (column D), and

cooling in liquid nitrogen (column E).

A B C D E




layer The advantages are clear from the description, and it is particularly important to stress and
remember: relative to water cooling, the inventive method improves the 5ductility of the parts and limits
the risk of distortion through slow cooling. relative to air or water cooling where an industrial process Is
concerned, the inventive method guarantees a correct appearance of the parts resulting from an absence
of traces of corrosion after treatment, thereby improving their state of cleanness. 10 12 CLAIMS

Hardness 295 265 230 170 190
(Hv0.1) at
20 pm
under

compound

layer

The advantages are clear from the description, and it is particularly
important to stress and remember:

- relative to water cooling, the inventive method improves the

5 ductility of the parts and limits the risk of distortion through slow cooling.

- relative to air or water cooling where an industrial process is
concerned, the inventive method guarantees a correct appearance of the parts
resulting from an absence of traces of corrosion after treatment, thereby
improving their state of cleanness.

10



1- Method of cooling metal parts that have been subjected to a molten salt bath nitriding/nitrocarburizing
treatment, characterized in that: Sbefore the end of said treatment, a chamber (1), arranged so that the
oxygen contained in said chamber can be discharged in order to create an inert atmosphere, is filled with
refrigerant in liquid form and with a strong capacity for yglume expansion as it evaporates, all the treated
parts are transferred into the chamber (1), 10the chamber is closed (1), the parts are left in the chamber
for a preset length of time to reach a temperature at which the salt congeals and forms a protective
barrier, the parts are removed and then subjecte&éef\rld&@ operation. 15-2- Method as claimed in claim
1 characterized in that the refrigerant is liquid nitrogen.  3- Method as claimed in claim 2 characterized

in that the chamber is fijlled with iquid nitrogen, 2 to 3 mm _befpre the,end of the
oniridinamirocarsienad Aot AR Ale M RabE BEeiCERAG! 0% motten salt 1 e Cars are
transferred from théatharithidirfg)edrotdrbiunizéhgitregemneat, @ maraotevizedate tha m/mn. 25 5- Method as

claimed in any one of claims 1-4 characterized in that rinsing is performed in water at a temperature of
between 40 ahd 50C, at?ﬁﬁmeﬁ]ﬁl Wz&’;ef% a%%‘iéfﬁﬁ%?gmrea&%ﬂb%{ _ai@ngﬁ(i;i&ﬁf‘ oﬁ]ﬁnplementing
the method as claimed gxyajun edtafmlaimssaid engnbempising dstieligedsaitdrast to create
nitriding/nitrocarburizing station for the treatment of a set of parts characterized in that a cooling chamber

(1) is placed in direct rél3i9R HAIMPRP PRSI ANebdtBURTilgs kit IgHIR form and with a

strong capacity for volume expansion as it evaporates,
all the treated parts are transferred into the chamber (1),
10 - the chamber is closed (1),
the parts are left in the chamber for a preset length of time to reach a
temperature at which the salt congeals and forms a protective barrier,

the parts are removed and then subjected to a rinsing operation.

15 -2- Method as claimed in claim 1 characterized in that the refrigerant is liquid

nitrogen.

-3- Method as claimed in claim 2 characterized in that the chamber is filled
with liquid nitrogen, 2 to 3 mm before the end of the

20 nitriding/nitrocarburizing treatment

-4- Method as claimed in claim 2 characterized in that the parts are
transferred from the chamber filled with liquid nitrogen at a minimum rate of

6 m/mn.
25
-5- Method as claimed in any one of claims 1-4 characterized in that rinsing

is performed in water at a temperature of between 40 and 50°C, and then in

water at a temperature of about 20°C.



5being secured to a transfer carriage for a quick transfer of all the parts into said chamber. 7- Facility as
claimed in claim 6, characterized in that the chamber consists of a double-walled bell (la) into which liquid
nitrogen is injected, said 10double wall (Ia) having arrangements for diffusing the nitrogen inside the bell.
8- Facility as claimed in claim 7, characterized in that thgybase of the bell engages (1) with means
capable of giving free access to the inside of said 15bell for the transfer of parts, and of closing this
access during the cooling phase 9- Facility as claimed in claim 8, characterized in that the means consist

of doors (3) and (4y&eka d'?t)fdc Wﬂ@ﬁ&ﬁ@i@ﬁ@&ﬂ@ﬁf@&ﬁ'ﬂﬁgrﬂsﬁlﬁﬁm@d e &ag phatadaded according to
the specified methogh @3 6IAENEH INLMOREE HIEBAMSNttRding/nitrocarburizing station for the

treatment of a set of parts characterized in that a cooling chamber (1) is
placed in direct relation with the nitriding/nitrocarburizing station while
5 being secured to a transfer carriage for a quick transfer of all the parts into

said chamber.

-7- Facility as claimed in claim 6, characterized in that the chamber consists
of a double-walled bell (1a) into which liquid nitrogen is injected, said

10 double wall (1a) having arrangements for diffusing the nitrogen inside the
bell.

-8- Facility as claimed in claim 7, characterized in that the base of the bell
engages (1) with means capable of giving free access to the inside of said
15 bell for the transfer of parts, and of closing this access during the cooling

phase.

-9- Facility as claimed in claim 8, characterized in that the means consist of

doors (3) and (4) secured to one portion of the treatment station.
20
-10- Metal parts treated according to the specified method as claimed in any

one of claims 1-5.

25





