The invention relates to a process for inparting excellent corrosion
resistance to articles made fromferrous netal, with good friction
properties, a |low coefficient. of friction and resi stance to wear and

sei zing, a process in which the articl®s are nitrided and then oxi di sed
either in a bath of molten oxidising alkaline salts or by means of an
oxi di sing ionised atnosphere, so that the articles have a nitrided outer

| ¥ ' -84b r PRLLUS S b It is
kﬁ%ﬁk,“ﬁ%?a§?§:??§ﬁ?F€f§?5§§7§aéﬁspﬁﬂ§eﬁfa%f% SyReEEIng, BUBLIIEhe | ' o

articl eSCFROE Poﬁ??é?F%ngnE?aPrFﬁcﬁBFtEﬂdﬁyﬁﬁaﬁefﬁﬁHOEErEéﬁaﬁe waths
| npr ovegodb@efrictionnppopeetiees af 1bWe66efriEebRt, oFO¥RH t8SohN8na

coefficj gL nd_increasing the resistance to wear and seizing.
Qt her n#§$?%?%ﬁ£%r§ée§§ g,ggﬁcﬁeéglP%hii RFe7eaendn pRiFh, fBe in an ionised
at nospharbicbesaanengibtidedt ahdothennbkidiisedt ebtrar tasul bathnogonpar abl e

t4 t ol , t hat ' ORI 0..a h_of nolten
i f oi BoTEep ok2akETHE atkh 1AL AT OF | bF héBhG He ol oRTalsRhal” hreny
acqui r es°BR1Fed KatmPERReyenese thatokhesavhicbes shavecannihvidefosithgri t s

ood frisyepnwPtRper tbkbadt| §e8F SUBTAYER #hd'hdb8PoudHarkREedocunent
gR—A—2H§%§}637.descriﬁg§ a par??cularl% effectiS% oxi dation treatnent

per f or AYEhath of nolten salts conprising, by weight, from99.5 to 85%
by wei ght of a m xture consisting of 25 to 35% by wei ght of al kal
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cyanate and carbonate baths improves the friction properties
of these articles, lowering the coefficient of friction and
increasing the resistance to wear and seizing. Other
nitriding processes, such as ionic nitriding, performed in an
ionised atmosphere containing elemental or combined nitrogen,
results in comparable properties.

It is known, furthermore, that oxidation in a bath of molten
oxidising salts causes'ﬁcdificatioﬁéhﬁaﬁthe nitrided surface,
which thereby acquires a marked improvement in corrosion
resistance without losing its good friction properties arising

_ from the nitriding. Thus the document FR-A-2 525 637

U describes a partiéularly effective oxidation treatment
performed in a bath of molten salts comprising, by weight,
from 99.5 to 85% by weight of a mixture consisting of 25 to
35% by weight of alkali nitrates, 8 to 15% of alkali
carbonates and the remainder to 100% of alkali hydroxides, and
from 0.5 to 15% of oxygen-containing salts of alkali metals
whose normal oxidation-reduction potential relative to the
reference hydrogen electrode is lower than -1.0 volt, into
which bath a gas containing oxygen is injected at a flow rate
sufficient for the bath to be saturated with dissolved oxygen,
and the content of insoluble particles therein is maintained
at less than 3% by weight.



reference hydrogen electrode is lower than -1.0 volt, into which bath a gas
contai ning oxygen is injected at a flowrate sufficient for the bath to be
saturated with dissolved oxygen, and the content of insoluble particles
therein is naintained at |ess than 3% b¥ wei ght. 2 It is also known how
to oxidise the nitrided articles in ,an ionised atnosphere_of a gas
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obt ai ned by the processes referred to above are becom ng i nadequate. This
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whose shape is unfavourable for the homogeneity of the
operations or for which, owing to relatively short production
L runs, it is difficult to optimise the sequence of operations
while controlling, for example, the curves for the rate of
temperature variations.

The aim of the invention is therefore to improve the corrosion
resistance of previously nitrided and then oxidised articles
made from ferrous metals, in a reliable manner, without
reducing the friction properties imparted by the nitriding,
but possibly improving them.
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To achieve this aim, the invention prdﬁoses a process for
imparting excellent corrosion resistance to articles made from

_ ferrous metal, with good friction properties, a low

Y coefficient of friction and resistance to wear and seizing, a
process in which the articles are nitrided and then oxidised

~ either in a bath of molten oxidising alkaline salts or by

means of an oxidising ionised atmosphere, so that the articles
have a nitrided outer layer with a compact deep sublayer and a
porous surface sublayer, characterised in that the nitriding
and oxidation are effected so that the deep sublayer has a
thickness of at least 4 um and the surface sublayer has a
thickness of between 2 and 20 um, the diameter of the pores
being at least 100 nm, and in that, after the oxidation stage,
the nitrided/oxidised layer is coated, to a thickness of
between 3 and 20 micrometres, with a polymer selected from



I.mpar t.i ng excellent corrosion resistance to articles made from ferrous
metal, with good friction properties, a |ow coefficient of friction and
resi stance to wear and seizing, a process in which the articles are
nitrided and then oxidised either in asath of nolten oxidising alkaline
salts or by neans of an oxidising ionised atnosphere, so that the articles
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A process for improving the wear and corrosion resistance of
metal surfaces is known from the document WO-A-8 705 335
(P FOX). The process consists essentially of a surface case
~hardening in a fluidised bed in a gaseous atmosphere. In a
first stage an article is exposed to an atmosphere containing
nitrogen, ammonia and natural gas at a temperature of between
400°C and 650°C for 1 to 5 hours. Then, in a second stage,
the article is exposed to a gaseous.atmosphere of humidified
nitrogen and optionally contalnlng oxygen, at a temperature of
between 400°C and 650°C. Lastly, in a final stage, the
treatment is completed by coating with a composition of water-
based polymers, polysiloxanes and phosphating oils, a
N\ composition which is known for its intrinsic anticorrosion
properties.

An article treated in this way has successive sublayers of
different kinds. The first case-hardening stage has the
effect of creating a deep underlying region of diffused
nitrides with a thickness of approximately 150 to 200 um,
having on top of it a "blank" sublayer of pure nitrides with a
thickness of approximately 25 pm. The second case-hardening
stage has the effect of creating a sublayer of oxides with a
thickness of approximately 13 um above the pure nitride
sublayer.



A process for inproving the wear and corrosion resistance of netal surfaces
Is known fromthe docunment WO-A-8 705 335 (P FOX). The process consists
essentially of a surface case hardening in a fluidised bed in a gaseous
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means Oimprovement in the frictional characteristics.

U On the other hand, the tests reported below will also
demonstrate that, in friction tests and in comparison with
nitrided and oxidised articles according to the state of the
art, the articles treated according to the invention exhibit
impfoved coefficients of friction, reduced wear, and load-
bearing capacities which are at least as good. |

The improvement in friction performance demonstrates that the
coating produces an effect whlch is spec1f1c in aspects which
are unexpected, espec1ally in the case of the rate of wear and
the load-bearing capac1ty. Furthermore, the improvement in
corrosion resistance is not merely the fact of the presence of

; the coating since, as will be shown by the examples, the same

\—  coating does not bring about a comparable improvement in
corrosion resistance when applied to surfaces of substrates
which are well known for promoting the bonding of coatings
and, in some cases, for themselves improving the corrosion
resistance.

The preferred coating thicknesses are between 3 and 15 pm;
thicknesses greater than 15 um do not contribute anything to
the corrosion resistance and cause changes in the dimensions
of articles which are sometimes awkward, together with a
tendency to crumbling and sticking.



t he surface case-hardening of the article in a gaseous environnent. The
articles treated by neans of this process do not exhibit any traces of
corrosion after exposure to saline-m st for 450 hours. However, this
docunent. does not record any particul arginprovenent in the frictional
characteristics. On the other hand, the tests reported below wi |l also
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and sti & Meight of elemental sulphur is between 0.001 and 1%, in
\—/  accordance with FR-A-2 271 307.

In a preferred arrangement the oxidation will be conducted in
a molten salt bath according to FR~A-2 525 637, referred to
above, and generally at temperatures of between 350° and
450°C.

-The characteristics and advantages of the invention will
emerge more clearly from the descrlptlon which ls to follow,
illustrated by experimerital examples.'

Example 1 - Corrosion resistance

Sample plates of XC38 steel, 100 mm x 100 mm in size, were
nitrided in a bath of molten salts, sodium, potassium and
lithium carbonates and cyanates according to FR-A-2 171 993
and FR-A-2 271 307, with 37% by weight of CNO cyanate ions and
approximately 10 ppm of S~ ions, the temperature of the bath
being 570 + 15°C and the period of immersion of the articles
being 90 min.

The nitriding layer comprises, in composition by weight,
approximately 87% € iron nitride (Fe,;N) and approximately 10%
¥' nitride (FeN), the remainder being iron oxides, sulphides
and oxysulphides.



The ni.triding is preferably carried out in a nolten salt bath in accordance
wth FR-A-2 171 993, consisting essentially of carbonates and cyanates of

al kali metals K, Na and Li, the C03- anion being present at 1 to 35% by

wei ght --and the CNO anon at 35 to 65% bg weight, while in the total weight
of the alkali cations the proportions by weight are 25-42.6%in the case of
Na+, 46.8tsacturadlyhtheapdtufided daget1hadsld. thicknkescafe 15f um with so
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species In su guant the content” by wei ght of elenental sul phur is
bet ween 0.001 and 1% in accordance with FR-A-2 271 307. In a preferred
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I 1lustrated by experinental exanples. Exanple 1 - Corrosion resistance
Sanmpl e plates of XC38 steel, 100 mmx 100 mmin size, were nitrided in a
bath of &ORPeg 9fl coustddi pmtapbt, a53Puen afidsbAt hinymitaaltenands 136 awfhat es
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cyanate ions .and approxi nat el S-7ions, the tenperature of the
bat h bei f§ust®leiso °aﬁal§héspé9988 55 gnREr & BAXSHTE, oL, eaualeparts

by weight of potassium permanganate and dichromate, whose
normal oxidation-reduction potentials are lower than -1 wvolt
W, relative to the hydrogen electrode.

The crucible is provided with an immersed nQi%le connected to
a source of pressurised air through a valve for controlling
thé flow rate and a flow meter capable of measuring flow rates
of between 0.02 and 0.2 cm®/s. A sintered iron filter fitted
with a heating jacket has been arranged beside the crucible,
and the contents of the crucible are passed through this
periodically to retain the solid partlcles of more than 3 um
in size and thus to malntaln the proportlon of insoluble
materials in the crucible at ‘a’ suitable value. The air flow
rate is 0.42 1/h, that is 0.12 cm’/s.

After this treatment the nitrided layer on the articles
contains € nitride with 6% 4' nitride, whilst all the
oxysulphide compounds have been converted into magnetite iron
oxide (Fe;0,), with oxygen inserted into the first 2 to 3
micrometres at the surface.

The resistance to corrosion in a standardised saline mist is
established as 50-60 hours in the case of the nitrided
articles and 200-250 hours in the case of the articles which
have been nitrided and then oxidised,'whereas before treatment
the articles exhibit a generalised corrosion after only a few
hours.



being 90 mn. The nitriding |ayer conprises, in conposition by weight,
approximately 87% [err] iron nitride [err] and approximately 10% [err]
nitride [err] the remainder being iron oxides, sulphides and oxysul phi des.
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Example 2 - Comparative

The operation was carried out on sample pieces of steel for
screw cutting (AFNOR standard 40 MF 6) 20 mm in diameter and
55 mm in height. '

These pieces were subjected to various known surface
treatments well known for facilitating the bonding of
coatings, and were then given an FEP coating as in Example 1,
10 * 1.5 pm in thickness (electrostatic. dusting and sintering
at 350°C). e R

After the coating a cross-shaped scratch was made using a
scriber point pressing sufficiently to cut through the FEP
coating; after this the specimens were subjected to the saline
mist test according to AFNOR x 41002.

The test was followed by daily visual observations, fo-watch
for the appearance of corrosion pitting and coating

separations.

The test results are summarised, using averages of three
samples, in Table I below.

Table T (see following page)
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These pi eces were subjected to various known surface treatnments well known
for facilitating the bonding of coatings, and were then given an FEP
coating as in Exanple 1, 10 1.5 pmin thickness (electrostatic. dusting
and sintering at [err] After the.coating a cross-shaped scratch was nade
using a scriber point pressing sufficiently to cut through the FEP coati ng;
after this the speci nens were subjected to the saline nist test according
o AFNOR ¥ vﬁ%ﬁ?zbeTHStIeﬁs{:P&@SthEOEkQ&QQ {3}{ dal! éfékig opagpvations, to
wat ch for the appearance of corrosion pl% separatlons The
test respe¥Eorpedsonngepasateyarkiciesy ahus én Fh?e§e§§ﬁ§Fé§e pathgbl e |

bel ow. Tadt8rdih§etof ﬁkhﬁmaglpagékmatisﬁrluone9gi’vew bkaeh&atms} hat the
oxi datiop and ni atdl,n wer e on separatée articles, but in the

respect i YBPHAYHBE chdFﬂﬁrPEEERaﬁﬁFésﬁanﬁﬁrdat|on al one gives practically

no i nprovement in corrosion resistance. Tests mere performed on simlar
arti ol espoL{eaea25e0FdRda" 8n X RHRY & 2208 24D) ebedebd hRROERIGS ¢ St
Example 1 and subjected to the saline mist test after
scratching of a cross with a scriber point. No pitting or

coat separation were noted at 1500 hours.

Example 3. Frictional properties

These tests were carried out to confirm that the improvement
in corrosion resistance of the treatment according to the
invention did not take place at the expense of a deterioration
in the frictional properties.
This example related to articles made of XC 18 carbon steel
treated by nitriding, oxidation and FEP coating as in Example
1. L
Test A - Frictign-measuriﬁgiiﬁét;ument

O The test specimens consist of pairs consisting of a 35 mm

diameter ring, bearing dry on a small parallelepipedal plate
30 mm X 10 mm X 8 mm in size. The ring rotates at a speed
corresponding to a sliding speed of 0.55 m/s and the bearing
load increases linearly, starting with an initial value of 10
daN.

The result of the test is evaluated using 4 values: period of
time before the appearance of the first incidents (binding,
judder); maximum load reached, mean coefficient of friction,
wear,

The same test was carried out, by way of comparison, on pairs



scratching of a cross with a scriber point. No pitting or coat separation
were noted at 1500 hours. Exanple 3. Frictional properties These tests were
carried out to confirmthat the inprovenent in corrosion resistance of the
treatnment according to the invention did not take place at the expense of a
deterioration in the frictional properties. This exanple related to
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The result of the test is evaluated using 4 values: period of tinme before

t he appearance of the first incidents (binding, judder); maxinum | oad
reached, nean coefficient of friction, wear. The sane test was carried out,
by way of conparison, on pairs 10 which had not been subjected to any
treatment, nitrided pairs and pairs which were nitrided and then oxidised.
The results are shown in Table II.



[err] 12 It is noteworthy that the treatnent in accordance with the
invention reduces the wear and the coefficient of friction wthout
affecting the | oad-carrying capacity when conpared with the articles which
are nitrided and then oxidised. Test B - Flat friction A flat shoe rubs
tg-and-fro on a flat slide at a speed of 0.03 m's and under a |load of 5 MPa
(50 bars). The test period corresponds to 500 cycles and the test is
cacried out dry in air. The evaluation values are the coefficient of

friction and thd wear orf The $TLdg. The Jconparison test was carried out on
articles nitridgd and oxi dijsefl asjin theg preceding tests. The results are
shown in TablellE@elov. Table 1}l T MENT SLI DE VEAR (pm)
MEAN COEFFI Cl ENT BFEFER 400 |CYCLES OF FRICTION nitriding-
7 VO 0.48 ¢x§fdfli gnQaccdrding to 6
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Alternating flexure fatigue tests were carried out on rotating speci nens
made of 35 CD 4 quenched and anneal ed steel, which were stressed laterally.
The standard speci nens have an endurance |imt of 630 MPa (63 hbar). After
nitriding, this endurance limt rises tk2 820 MPa (82 hbar). The treated
speci mens according to the invention have the same endurance limt as the
nitrided specinens. 13 Exanple 4 - Appropriate coating thicknesses

AxLi cl es 1gs jign n@(:%_%&:%h% RhELCRHE' edeWthlnEERnC %E}:%Qghgﬁégﬁtt%’ 8 aml e 1

el ectrostatic QUstlngpg d sintering under the condi, hi's

but wi t hiPNEBkALEsEeANgRE thepPeateAnd khe goefficient ofe f&ditienni st
Lest, t[]eépafbhed a(fffe@:t[iﬁgil tﬁeb@.f:tﬁﬁechh}i‘yiﬂ t&ﬁg&&&@‘ w?x'egxn%fﬁfpg%r 051 on
oes no l apprecla .| e Cqse, | nesses yp ,to pm rom
tho peri Bathr CenBEIEIEE Whibh BEenPLFFiGa%oRPth SORTPYIGIESA t hat 15 200-

250 hours. This period increases with the coating thickness up to

approxin&ggky 10 FR/Lel r&%@.o's 350-400 h at 4 Am 800 h at 6 pm and 1500 h
in the c Am no further significant increase is
recorded in the period of exposure before the appearance of signs of

corrosi og. shig¢eLbe E'ﬁ%spﬁ:%d-‘dﬁﬁLQEo_ant B :E'iaio_étliiﬁﬁs atey %g%%'a%g; gcl@s in

i ndustrial production if _thickness irreqularities are to bé avaoi

t
especi al Py S| Anghunder; & doadypé SoMBReX50nbakg)e, ThE test period

corresponds to 500 cycles and the test is carried out dry in

air.
o
The evaluation values are the coefficient of friction and the
wear on the slide. The comparison test was carried out on
articles nitrided and oxidised as in the .preceding tests. The
results are shown in Table III below.
Table IIT
TREATMENT . SLIDE WEAR- (um).’ MEAN COEFFICIENT
. -AFTER 500:CYCLES OF FRICTION
nitriding- -y 0.48
oxidation
| according to 6 ' 0.43
(L the invention _

Test C - Fatique in alternating flexure

Alternating flexure fatigde tests were carried out on rotating
specimens made of 35 CD 4 quenched and annealed steel, which
were stressed laterally. The standard specimens have an
endurance limit of 630 MPa (63 hbar). After nitriding, this
endurance limit rises to 820 MPa (82 hbar). The treated
specimens according to the invention have the same endurance
limit as the nitrided specimens.



hi gh thicknesses may give rise to difficulties in fit tolerances. In
addition, thick coatings of nore than 20 Am exhi bit degraded fricti onal
perfornance with sticking, juddering and crunbling of the coating. In the
majority.of cases it will be at |east psudent not to exceed thicknesses of
15 Am Exanple 5 - Nbrphology of the nltrlded Iayer The tests in this
exanpl e Examplet 4 el @ : tlichesweal paraneters of the
nktri ded | ayer whi ch nust be conplled with in order to obtain the increase
i n corrosion resistance. 14 These tests related to XC 38 steel specinens
whi ch hArpEeles a5 cbh cBxamphet 1 aragcovaredt vibkh oREP Fepatbngi hayepsr at i ons

accor di ngy t@léé&@éeaélcvmﬁgtiﬂe £1@ eP1Hh OO Phg t@ﬁd&ftﬁhél 89n§989bh5088

whi ch were, vari ed, rical rules to obtain varirations 1n th
t hi cknes&H3 ?%%mﬂ}?r}deg“¥anFhgﬁﬂlg%$%%??%éF?m%%nghEeFﬁgﬁEc%l%éd 40

t hi cknegaes of the conpact deep and porous surface sublayers, and of the

di ameter of the pores of the surface sublayer. It should be renenbered
that, whatever the operating conditions, the nitrided outer |ayer conprises
a conpacin dee sabingenishdtesbprths seriadeos ukpysuret hefoper theng

condi ti rego t o0 t h eci] | cknesses
of the ggﬂ%act %ﬂ% 8gn%f g%oﬁg gﬁ? é%%ggu ?%%Qfgé gﬁ%€§g Qé?¥8c§§bigf t he
por es Oflqrﬁh%Lﬁ§%geO§u bg%pesses up to 3 um, from the period of

exposure of uncoated nitrided-oxidised articles, that is 200~

250 hours. This peribd increases with the coating thickness
U up to approximately 10 um, that is 350-400 h at 4 um, 800 h at
6 um and 1500 h in the case of 10 unm.

Beyond 10 um no further significant increase is recorded in
the period of exposure before the appearance of signs of
corrosion.

However, the production of thick coatings may bécome tricky in
industrial production if thickness irrégularities are to be
avoided, especially 1f the artlcles are*complex in shape, and
high thicknesses may give rise to dlfflcultles in fit
tolerances.

In addition, thick coatings of more than 20 um exhibit
degraded frictional performance with sticking, juddering and
crumbling of the coating. 1In the majority of cases it will be
at least prudent not to exceed thicknesses of 15 um.

Example 5 — Morphology of the nitrided layer

The tests in this example were intended to determine the
morphological parameters of the nitrided layer which must be
complied with in order to obtain the increase in corrosion
resistance.



The various operating conditions do not, of course, in isolation have a
specific effect on a given norphol ogy paraneter, but act on all these
paraneters to different extents. The findings obtained can be sunmmari sed as
foll ows: - Wen the conpact deep-subl &fer has a thickness which is too
spal I, typically less than 4 [err] the corrosion resistance i s not

i ncr easTheseghebtsanelatedhts, X@ 88 stesApspecidmensgywhighphadnbeenckness,

te fi r§{m§ bBBaaOtoCALEPIERRG, NoRidaLEBA Hha! FRPPEBAtIhg?dPeh@tions - When
the surfaceé porous subl ayer éxceeds 20 pmin thlckness-the,lgxen I s subj ect

to rapi BEPEABPINEO ExpEPleod/ nHarE tBRpSXGRRtigNs Ofi FBendtridinge case of
a subl agehdzbipfisi, n'whiichk wege) varlied, r eyubpplginge eapliriizalesdulessy to

non- honogeneous _coati.ng _enhrittl by _the si.nterin = o f 0
sublaye?g§§lgb¥8ﬁfa%}°35 & Fh?l§§é§*88F33°ﬁi%ﬁeangFg%gFgr&%&egééggfhan 100
nm i n psetectéyveliyeofohienyespetsivepthicknessisoniethes gompacts deepe ni st
after v ' 0 24 r .4 e ot
inferregﬁéhgpg%hgp%gﬁgggf %&%Fggggsﬁug%abé%at géggfﬁ%gﬁgi??S?ﬁ%%z%ﬁf%%t fhe
por ous 9fibkhpepurfiacehsWdlayeri-ckness of between 2 and 20 [err] and that

the dianeter of the"pores of this sublayer nust be greater than 100 nm
aver This exanple

e e mp S b e L kel e st |
conditions, the nitrided outer layer comprises a compact deep
sublayer and a porous surface sublayer; the operating

\_J conditions can therefore act so as to determine the respective
thicknesses of the compact deep and porous surface sublayers,

'~ and the diameter of the pores of the surface sublayer.

The various operating conditions do not, of course, in
isolation have a specific effect on a given morphology
parameter, but act on all these parameters to different
extents.

The findings obtained éah_Be summariééd?as follows:

- When the compact deep sublayer has a thickness which is too
small, typically less than 4 pm, the corrosion resistance is |

- not increased significantly; thus, with a compact sublayer 2
gm in thickness, the first signs of corrosion in a saline mist
appear at 240 hours. .

- When the surface porous sublayer exceeds 20 pm in thickness
the layer is subject to rapid crumbling (after 192 hours'
exposure to saline mist in the case of a sublayer 25 um in
thickness); this result can be attributed to a non-homogeneous
coating embrittled by the sintering.

- If the porous sublayer is absent or if it includes pores
with a diameter of less than 100 nm in practice, the coating



adj usting the thicknesses of the sublayers of the nitrided |ayer. The
nitriding is carried out according to the conbined disclosures of patent
docunents FR-A-2 171 993 and FR-A-2 271 307, under the initial conditions
of Exanple 1, that is to say: - cyanateison content CNO 37% -

t enperat ure

ferr] - treatnent tine 90 minutes On

a steel skphaypteXCo¥E, amaesspasuerec todishiline ofisExafier Veryhehoottal

t Ri_cknes fs e ntri I 1,3 hRheal Iy from13 to 15 pmwth
practicaiF%lgégéfggégkga%'Z?K$£ ﬁ%éses%gonder the sane conditions, with an
XC 10 steel, the layer thickness changes to 15-18 pm and with a Z 38 CDV 5

steel t Oggbin%ﬁ@set hestd iy ol iHFEHRRYS Thalte BhleN iddthpadts sl laydry miial -

It wll noted that the advant%gfous adj ustnents _can be. limted to that

of the t&eapt deasteds K WHEKq |

ate Fhyea POI O4Sh SURIRY &%, MUS H R AR 2

subl ayer thiickfieess oFf GRitwaRrkeplan® RoounTand thatudhe @lhnidtair ol i e
di aneter i s not affected.ap reciabky%ﬁ 16 .The paraneters which wll make
P tKite

it possi BP&ESo C&d]

A il i STEFE, R (9edm}'ayer wi t hout

upsetting the thickness ratio of the sublayers or excessively reducing the

di anet er E?cfam_fdl% RIS d fhdtife it 24 &S W rpH1 oy lofP&Hd Sitrided laver

This'example leads to the drawing up of empirical rules for

adjusting the thicknesses of the sublayers of the nitrided
\_ layer. '

The nitriding is carried out according to the combined
disclosures of patent documents FR-A-2 171 993 and

FR-A-2 271 307, under the initial conditions of Example 1,
that is to say:.

- cyanate ion content CNO" 37%
- temperature = .. B70°C
- treatment time 7 - 90 minutes

On a steel of type XC 38, under the conditions of Example 1,

the total thickness of the nitrided layer is typically from 13
- to 15 um with practically equal sublayer thicknesses.

Under the same conditions, with an XC 10 steel, the layer
thickness changes to 15-18 um, and with a 2 38 CDV 5 steel to
8-10 um, the sublayer thicknesses remaining substantially

equal.

It will be noted that the advantageous adjustments can be
limited to that of the total thickness of the nitrided layer
since the ratio of the sublayer thicknesses can be kept

approximately equal, and that the pore diameter is not

affected appreciably.



content of sul phur-containing species [err] in this case) and the quantity
of air injected into the bath. These paraneters will be adjusted as a
function of the mass of the salt bath and that of the articles treated
daily. -500 kg nmolten salt bath - natur®of the treated articles

st eel : cast iron - quantity of treated articles/24 h

1600 kgThe pargoeters whish reitld sfake it cpqyf@mhijaacncecadmsi: tthe atal
20,1/ h r?e?l: f a@i@:la e /

8-9 ¢ thick 1Jc{f'h t}lo%gﬁ{(gfl%ét)eln sa Svﬁbath St eel arltlcléeigélQJantlty of
arti cI e$hickness g& e sublayers or excesgiyeky re %dthe” 3000

kg [err]dlta%é&zac&eel:m@r ored) in the surface sublayer XXl be thHd ¢

23 g Exanpl.e of th ol.y coating

f 1 uor oet RN EEE: f‘?’%ﬁﬁ a@dﬁ&%@“‘&%@ﬁ&%ﬁ%%&?éﬁr PBS for
produci rthe kaanaiting £ t&mel.rvg'eaﬁedmﬂritdoa:heerhaml.ed bel ow were deposited
in layers 10 Amin thickness and exhibited standardised resistances to
corrosion in the presence of saline mst of at |east 1000 hours, and
frictioiege @aaranaters Wikl e adjustsd ag \/aarfunctamm% the mags &r bon

pol ymer ool it rﬂﬂryqﬂ@t{ﬁﬁ@r@f the articled ¥r¥dated daily.

500 kg molten salt bath

- nature of the treated articles steel cast iron
\_, -~ dquantity of treated
articles/24 h 1000 kg 1000 kg
- flow rate of air to be
injected into the bath 250 1/h 250 1/h
- quantity of potassium

sulphide K,S/day 8-9 g 12-13 g

1000 kg molten salt bath
Steel articles
Quantity of articles treated '

per 24 h "~ ~"1000 kg 2000 kg 3000 kg
K,S to be added ' _
per 24 h - 16 g 19 g 23 g

Example 7 - Nature of the polymer coatin_q

Besides the fluoroethylene-fluoropropylene copolymer, other
polymers were tried for producing the coating; those which
will be mentioned below were deposited in layers 10 um in
thickness and exhibited standardised resistances to corrosion
in the presence of saline mist of at least 1000 hours, and
frictional propertieé equivalent to those given in Example 3.

Fluorocarbon polymers
Polytetrafluoroethylene -(CF,~CF,) -,



17 Fl uorocarbon copol yners FEP al ready nmentioned PFA of fornula [err]

Fl uori nat ed pol yuret hanes Products of reaction between an isocyanate of
formula (1) [err] and a fluorinated polyol of formula (2) [err]

(2) Silicone-containing polyurethanes Product of reaction of the isocyanate
of formula (1) and a silicone-containing polyol of fornula (3) (3) [err]
PoIyureﬁﬁam&nnﬁnhqnmnqulxmﬂwmnrs obt ai ned by reaction of the isocyanate

o(“jor { i nated pol yol of fornmula (2) and the
i 1icone- contalnlr?}nI éﬁt +ﬁ5§ fornula (3) Copolynmers obtaingd by reaction
of t he |1§('3‘e>ﬁb§'|a§m 4orrrula (1) with the quorlnated pol yol of
formula (2) and a polyol of for > T€T =
. l .x
CF2
ik
CF3

Fluorinated polyurethanes
\_/ Products of reaction between an isocyanate of formula
CO—NH—(CHz)G—NCO

. (1)
"OCN-(CH

)
2°6 \\

CO-NH-(CHZ)G—NCO

and a fluorinated polyol of formula (2)

—[%—CF —CF——}— (2)

(CF2) 4
Le

Silicone-containing polyurethanes
% Product of reaction of the isocyanate of formula (1) and a
silicone-containing polyol'of formula (3)

iHB CH3

40— —o-sl-;_]En (3)

‘[—TH“—C“}‘
Polyurethane copolymers

Copolymers obtained by reaction of the lsocyanate of formula
(1) with the fluorinated polyol of formula (2) and the
silicone~containing polyol of formula (3)

Copolymers obtained by reaction of the isocyanate of formula



(4) Copol yner obtained by reaction of the isocyanate of fornula (1) with
the fluorinated polyol of fornula (2) and an acrylic polyol of formula

[érr] (5) Polyam des-imdes [err] [err] Exanple 8 -
Coati ng-processes Apart fromthe produdsi on of the coating by electrostatic
dysting and sintering, this. coating may be produced by dipping. 19 The

st arti ng{bbiwithstherfinesinatedfpekyad sef steemulpi (B) arndnat PPYEALanE
oxidi sedegep@idli pgyto Exanple 1. 8-1 - Dip-coating with FEP An FEP powder
with a particle size close to 5 Amis suspended in a sol vent consisting of
a mxture of nethyl isobutyl ketone (M BK) and N-nethyl pyrrolidone (NWVP).
The proportions of FEP and of the sotment gonponents are adjusted
experinmentally to bring the{viscosity of tHe suspension to a suitable val ue
so that, after inmersion & caseque tment, the final thickness of
the FEP coating is 8-10 [er#t Thé ardicles dre i mersed in the suspension
and are taken out and drained, after#hPEh the articles are stoved ql)3500C
for 10 minutes to sinter the FEP.

.Copolymer obtained by reaction of the isocyanate of formula
(1) with the fluorinated polyol of formula (2) and an acrylic
polyol of formula '

| ~ _P . %Hf_l_ (5)

OCI-I2 - CH20H

Polyamides—~imides

= Cco 1
__i:__.(craz):5 - NH. - co \N
| S , co’)//
. m .

orxr

U A co
I S
. N ]

CO/

Example 8 - Coating processes

Apart from the production of the coating by electrostatic
dusting and sintering, this coating may be produced by
dipping.



When exposed to saline mst, no sign of corrosion is visible at 600 hours.
8-2 - Dip-coating with pol yurethane A polyisocyanate and a pol yol are
reacted and solvents are added to adjust the viscosity to a suitable val ue
for the-required coating thickness and% o sl ow down the pol yurethane
cpndensation reaction. The,articles are imersed in the reaction nedi um and
are t héPhe afbarbingapeinkailfcartiades padentront ¥y38 gkepdr Whigh: AFet he

SQ/Ventnb@flaeaphﬁaebxlaxaearab@drdmhgchoatk 1&hg.condensation to be

conpl eted. A pol yurethane [ayer thus deposited with a thickness of 5-6
[err] gives the articles a corrosion resistance such that after 500 hours
exposur g-10-splipreoatihgneithoREBf corrosion can be seen. 20 Exanple 9 -

Nitriding and oxidation in an ionised atnosphere The starting point is X 38
steel articles simlar to those used in Exanple 1. The articles are
ni tri deAni FER powtlprowfitheasphrtfdde sidecedoperetoubepn Asasuspendeter e

consi st}pg,0 %oﬁgéw hbﬁaigtaﬁg é@%hﬁs&eafa 88dmbeA ieqsausu% akaede

di scharge. "The experi nenta L.t ons are; erafure o rticles
[err] (ﬁglgxésggﬂeN-methylpyrrolldone . gﬁe propgri p3n§1@%

CathOdeaﬂaSSBaEﬁé ¥8Nea® components are ad3ust&503xpékh&entally to
bring the viscosity of the suspension to a suitable value so
that, after immersion and subsequent treatment, the final
thickness of the FEP coating is 8-10 um.

The articles are immersed in the suspension and are taken out
and drained, after which the articles are stoved at 350°C for
10 minutes to sinter the FEP.

When exposed to saline mist, no sign of corrosion is visible
at 600 hours.

g8-2 — Dip-coating with polyurethane = ..

A polyisocyanate and a poiyéiﬁére reacted and solvents are
added to adjust the viscosity to a suitable value for the
_ required coating thickness and to slow down the polyurethane
\_  condensation reaction.

The articles are immersed in the reaction medium and are then
taken out and drained. They are then stoved at 60°C until the
solvent has completely evaporated, which allows the
condensation to be completed.

A polyurethane layer thus deposited with a thickness of 5-6 um
gives the articles a corrosion resistance such that after 500
hours' exposure to saline mist no sign of corrosion can be
seen.



Treatment time 2 hours A nitrided |ayer
consisting essential of e iron nitride [err] between 10 and .12 pmin

t hi ckness i s thus obtained. Wen the nitriding operation is finished the
vessel “i's purged and oxygen is then i B9 oduced into it at a pressure of 100
pa (0.1 nbar : The arélcles,are ralsed to a, negatlve DC voltage of 1500

dxynltrldes forn1at t he surface of the artlcles When t he OX|dat|on S

finish the article cQv th,a_c E t hi ckness of
appr oxi TRt eF 52 %lﬁﬂ1§3f?§ ﬁp?g %ke?%ea %?goﬁl?é£%§mgﬂcﬁﬁeﬁﬁresponds
to an eu@e@uln Exasplénd.ni st for at |east 1000 hours before signs of
corrosion appear. By way of conparison, on leaving the vessel the nitrided
and oxidised articles exhibit _signs of corrosion after 250-300 hours’

st andarBre careipbesrareonstridedninta leakprang veseali wndes, reducedr se,

not |i %i@ﬁsﬁﬁeh@n%ﬁ@fﬁ&sﬂﬁéﬁél egﬂsbatm@cbﬁdeéaéfhitkbeeﬁaahanao%

enbodlngégoggg égdtggniggg by a catﬁogenglscharge.

The experimental conditions are:

Temperature of the articles 570°C

\_ Gas pressure 10 kPa (10 mbar)
Cathode discharge voltage 1500 volts
Treatment time 2 hours

A nitrided layer consisting essential of € iron nitride (Fe,;N)
between 10 and 12 um in thickness is thus obtained.

When the nitriding operation is finished the vessel is purged
and oxygen is then int;pduce§ intq;it:ét a pressure of 100 pa
(0.1 mbar). B

The articles are raised to a negative DC voltage of 1500 volts
relative to the vessel for approximately 30 min. Iron oxides
-/ and oxynitrides form at the surface of the articles.

When the oxidation is finished the articles are covered with a
coating of FEP with a thickness of approximately 10 pm as in
Example 1.

The corrosion resistance corresponds to an exposure to saline
mist for at least 1000 hours before signs of corrosion appear.

By way of comparison, on leaving the vessel the nitrided and
oxidised articles exhibit signs of corrosion after 250-300
hours' standardised exposure to saline mist.



1. Process for conferring excellent corrosion resistance on articles nade
fromferrous netal, with good friction properties, a | ow coefficient of
friction and resistance to wear and seizing, a process in which the
articles are nitrided and then oxidis@d either in a bath of nolten
oxi di sing al kaline salts ar. by neans of an oxidising ionised atnosphere, so
that thEharinvea§ipavdsa Rft cousgeounet Lipitedi th gh@o#ﬁa@01G€Ep subl ayer
dad a paégahsaaf 8Ge subhames athacpet ¢hr3gftl embeatmremSn ktifthdnngnand

oxi dation are ecte so that the deep sublayer has a thickness of at

| east 4SF8PF]°§n&hFh8 8dMPace subl ayer has a thickness of between 2 and 20
Am the dianeter of the pores being at least 100 nm and in that, after the
oxi dation stage, the nitrided/ oxidised |ayer is coated, to a t hi ckness of
between 3 and 20 micronmetres, with a polyner selected from anongst

fl uorocarbon pol yners and copol yners, pol yurethane pol yners and copol yners
which are either silicone-treated or fluorinated and which are used al one
or mxed with each other or with hydrocarbon pol yurethanes, urethane  and
acrylic copolyners, and pol yam des-im des. 2. Process according to Caiml1,
characterised in that the thickness of the coating is between 3 and 15

m cronmetres. 3. Process according to one of Clains 1 and 2, characterised
inthat the articles are nitrided in a bath of nolten salt consisting
essentially of carbonates and cyanates of alkali netals, Na, K and Li, the
CO - being present at 1 to 35% by weight and the CNO anion at 35 to 65% by
wei ght whilst, with respect to the mass of alkali netal ions, the
proportions by weight are 25 - 42.6%in the case of Na+, 42.6 - 62.5%in
the .



case of K+ and 11.3 - 17.1%in the case of Li+. 4. Process according to
Claim3, characterised in that the 23 nitriding salt bath also contains
a” sul phur-contai ning substance in such a quantity that the proportion by

wei ght “of the el enental sulphur in th&2bath is between 0.001 and 1% 5.
Process according to any one of Clainms 1 to 4, characterised in that the
nitrided articles are then oxidised in a bath of nolten salts conpri sing,

By wei ght, from99.5%to 85% by wei gafarefis a ni xture consisting of 25 to 35%
by weight alkali nitrates, 8 to 15% al kali carbonates and the renainder, to
100% al kali hydroxides, and fromO0.5 to 15% oxygen- containing salts of

al kal i 1et abBowvbesefopr cahfexrdnyi ercelddntt conrpsient rekisthatevent o t he

hydr oge n I o] ' o] haps I 3 volt, a gas
contain?ﬁgf%gégeﬁgggiggséuggrgéu%nﬁge?%éégégﬁ.gggg f%gﬁFigge sufficient for
t he batbropeptiesiunalow apeffdcieptvel Srigthonapnd: nesiskange b9 wei ght

of i nsolubl-eaRar kbgh &gt har pkBck8shNyRLBRILAE h8e3chBaANaBY nftrREREess
according_to d Characterised in.that the_tenperature of the

alm 9,
oxi di si AgdpEhan; expdifedneLtRer. 1n apbathsef medFaP gXLg1i8iagm 1,
char act gLk&atinenshhts bbebyi mehdsngfi ancoxidtdingt ibnisedecakndsphamegr
Ltro redug gressure,

conta 180 AR ALESIRETE1gL RLCoRSRIARSaRNOLRRED Shedysel eSS

of at |eampaftrdpep sublayer and a porous surface sublayer,
characterised in that the nitriding 5nd oxidation are effected

Kyj so that the deep sublayer has a thickness of at least 4 pm and

the surface sublayer has a thickness of between 2 and 20 um,
the diameter of the pores being at least 100 nm, and in that,
after the oxidation stage, the nitrided/oxidised layer is
coated, to a thickness of between 3 and 20 micrometres, with a
polymer selected from amongst fluorocarbon polymers and
copolymers, polyurethane polymers and copolymers which are
either silicone-treated or fluorinated and which are used
alone or mixed with each other 6r£with;hydrocarbon
polyurethanes, urethahgﬁand aqrylié-é&ﬁblymers, and

polyamides—-imides.

2. Process according to Claim 1, characterised in that the
o/ thickness of the coating is between 3 and 15 micrometres.

3. Process according to one of Claims 1 and 2, characterised
in that the articles are nitrided in a bath of molten salt
consisting essentially of carbonates and cyanétes of alkgli
metals, Na, K and Li, the CO;" being present at 1 to 35% by
weight and the CNO" anion at 35 to 65% by weight whilst, with
respect to the mass of alkali metal ions, the proportions by
weight are 25 - 42.6% in the case of Na*, 42.6 - 62.5% in the
case of K* and 11.3 - 17.1% in the case of Li*.

4. Process according to Claim 3, characterised in that the
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8. - Process according to Claim1l, characterised in that the oxidation is
carried out in a sealed chanber in an ionised oxygen atnosphere at reduced

pressure, the articles being cathodic relative to the vessel . 11111111
J11111. 111111111111111 _ 23
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&*' n1tr1d1ng salt bath also contains a sulphur-containing

substance in such a quantity that the propéfﬁibn by weight of
the elemental sulphur in the bath is between 0.001 and 1%.

5. Process according to any one of Claims 1 to 4,
characterised in that the nitrided articles are then oxidised
in a bath of molten salts comprising, by weight, from 99.5% to
85% by weight of a mixture consisting of 25 to 35% by weight
alkali nitrates, 8 to 15% alkali carbonates and the remainder,
to 100%, alkali hydroxides, and from 0.5 to 15% oxygen-
containing salts of alkali metals whose normal oxidation-
reduction potential relative to the hydrogen reference

K,/ electrode is lower than or equal to -1.0 volt, a gas
containing oxygen being bubbled into the bath at a flow rate
sufficient for the bath to be saturated with dissolved oxygen,
and the content by weight of insoluble particles therein is
maintained at less than 3%. '

6. Process according to Claim 5, characterised in that the
temperature of the oxidising bath is:between 350° and 450°C.

7. Process according tG Clalm 1, characterlsed in that the
nitriding is carried out 1n a sealed chamber containing an
atmosphere of nitrogen and hydrogen at reduced pressure,
ionised by a cathodic discharge, the articles being raised to
a temperature of at least 550°C.

8. Process according to Claim 1, characterised in that the
oxidation is carried out in a sealed chamber in an ionised
oxygen atmosphere at reduced pressure, the articles being
cathodic relative to the vessel.
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