'DESCRI PTI ON | RON- BASED PART AND | RON- BASED PART PRODUCTI ON METHOD
»Technical Field The present invention relates to an iron-based part made of
iron or iron-based alloy. The part is used as a nechanical elenent or a
mechani sm part of various types. The present invention also- relates to a
manuf acturing nethod for the iron-based part. Mdre specifically, the
present invention relates to a surface nodification technique for
appropriately adjusting not only a sliding perfornmance and a corrosion

resi stance of an iron-based parDEDURIPAIHKONa hardness of the iron-based
part near its surface. Background Art A nechanical elenent such as a gear,
a cam or alink arm nade of iron or iron-based alloy or a nmechani sm

el enent such as a canera, office equipnent, transport equi pnent, or a water
treatnent device can be manJRLON#RASHDsBARY i ng a conposition from anmong

various conpositions_ranging froma_ conposition near to pure iron to a
conposi ti on coﬁtHDﬂR@ﬁBe‘gsiE@tP&R%P @QUGHO&LMEé@HQﬁr bon, and usi ng
a material made of a wought netal (hereinafter, "wought material"). The
mechani cal el enment or the nechanism elenent can al so be manufactured by

form ng 3 ' a mxture of netal powders or other additive powders
(herei na?.teglrl,ﬁwélgf%{lgr ed material"). If the nmechanical elenent is

ranufactured Utk A ilentlod TRed to b SrIRSANS Hart oEHR e S Tor e
iron or iron-based alloy. The part is used as a mechanical element

- .or a--mech—anism--part of various types. The present invention also.

relates to a nﬁénufacturing method for the iron-based part. More

specifically, the present invention relates to a surface modification

technique for appropriately adjusting not :)nly a sliding

performance and a corrosion resistance of an iron-based part, but

also a hardness of the iron-based part near its surface.
Background Art

A mechanical element such as a gear, a cam, or a link arm

made of iron or iron-based alloy or a mechanism element such as a
camera, office equipment, transport equipment, or a water treatment

: i‘j-] device can be manufactured by selecting a composition from among
various compositions ranging from a composition near to pure iron
to a composition containing an element other than iron such as
carbon, and using a material made of a wrought metal (hereinafter, -
“wrought material”). The mechanical element or the mechanism
element can also be manufactured by forming and sintering a
mixture of metal powders or other additive powders (hereinafter,
“sintered material™).

If the mechanical element is manufactured using a wrought



an arbitrary means of form ng such as plastic form ng, shearing, or
»machining. If the nechanical elenent is manufactured using the sintered
material, the material is forned into the intended shape by powder form ng
using a die. If either material is used to manufacture the nmechani cal

el ement, a nodification treatnment such as carburizing, nitriding, quenching
and tenpering, or plating is perfornmed according to properties required of
t he nechanical elenent. Particularly if t'he mechanical elenent is required

to have prateridi ohe tasthhaics elerhbat lis Kermwd istd a desipashihpet byed using
each formation nethod, a corrosion-resistant iron-based alloy such ‘as a

st ai nl esansdrbetrary meads of formin §arehohs plastier fortmiegy, slgeaaringekm ively |ow
corrosion resistance such as structural carbon steel is plated with nickel.
Vari ous pramjnaahg. halfetheerrecdmmieal iedemidnt isema niufiactuesh misequg <heor

manuf acturing a mechani cal elenment required to have excellent corrosion

resi st ansmtored meatériel, hepatenglas farmgd inte thedntendedi shape byor

exanpl e, there i s proposed a nmanufacturing technique including subjecting
al | oy stpewder fasimmg sisesg nidikel Ifieithery matepjalcts nged tpl at ed menber to a
heat treatnent at i _tenperature of 300 to 40Q0C_to transform phosphorus

cont ai neanifagsure the mprhasicalagkement,oa medeficationptieatment swelsp)  and
to make a hargness of the nickel pl ﬁted al | oy steel about. H/800 to 900, and
provi di ngS §868UpEANEs maHading, qugachmgmn t@@ﬁﬂféngnpéliﬂﬂtkﬂ&!%d surface

here P araymed assaniing 10 properties raquired of the mechanteat > - 2"
’) element.
Particularly if the mechanical element is required to have
corrosion resistance or the” like and is to be manufactured using .
each formation method, a corrosion-resistant iron-based alloy such |
as a stainless steel is used, or a surface of a material having a
relatively low corrosion resistance such as structural carbon steel is
plated with nickel.
Various proposals have been conventionally made for
techniques for manufacturing a mechanical element required to
have excellent corrosion resistance or the like by plating an alloy
surface with nickel. For example, there is proposed a
manufacturing technique including subjecting alloy steel to
electroless nickel plating, subjecting a plated member to a heat
treatment at a temperature of 300 to 400°C to transform phosphorus
contained in the nickel plated layer into nickel tri-phosphide (Ni;P)
and to make a hardness of the nickel plated alloy steel about Hv800
to 900, and providing good performance to other members to the

nickel plated surface (see Japanese Patent Application Laid-Open

No. 6-313434, pages 2 and 3). There is also proposed a



‘manufacturing technique for obtaining a steel plate which is excellent in
corrosion resistance by subjecting a steel plate to nickel plating and to a
heat treatment at a tenperature of 600 to 850C for 10 to 120 seconds,
thereby transformng part of a plated |ayer into a nickel-iron alloy phase
(see Japanese Patent Application Laid-Open No. 11-61484, page 4). The
conventional techniques disclosed by these two Patent Docunents have,
however, the follow ng di sadvantages. The mechanical elenents or the |ike
di scl osethdmefaitirare texleeldenfor dbtaMMings h WrctPplateandeichng perf or nance.
However, no special treatnent, such as a treatnent for ensuring a snooth
change i pxcbHedbaascdrros étaeaidtancatieglsubgettie gna gteel plateetb | ayer, in
relation to the change in hardness fromthe plated surface toward a deep
portion ofcké¢lephitangdmbtber heat prrdtaremidat Buempetdtuse ¢fHe00itokel pl at ed
menber is easily peeled off fromthe alloy steel. Under these
ci rcunst 8008€, fohdOefol20 seommds f therdbyetrapisfigrminggpamitqea plated
manuf acturing an iraon-based part by appropriately adjusting not only the
requi r edlayerpmtol asiickal-dvondley phasea(sse fapanhaseiftatentt the menber from
the plated surface to an interior of the plated. nenber in a depth
di rect i oApplicatian haid43pen. Noi dd-6ddi«l,pagnd )i nventi on The present
i nvention has en achieved in |jght of these quirenents. It is,
therefore, an %Sjee%@n‘émﬁlﬁélaért§§hﬁt1quﬁS/@SCB}ﬁqfi)gYpﬁhﬁﬂied'@”@rPﬂtﬁ@ﬁ- based part
havi ng ngf only an excellent slidin performance and an exgellent corrosion
resi st an@éﬁq&upeat%baa'e, ROHRYSE, a}kﬁ gﬁllpy%ﬁgﬁfﬁa%ﬁf&ge&dj uiﬁ@d froma

+at ed surface .to,3 . . _ . .

- mechanical elements or the like disclosed therein are excellent in

corrosion resistance and performance. However, no special
treatment, such as a treatment for ensuring a smooth“change 1n
hardness from the alloy steel to the nickel plated lagzer, in relation
to the change in hardness from the plated surface toward a deep
portion of the plated member is performed. Due to this, the nickel
plated member is easily peeled off from the alloy steel. Under
these circumstances, therefore, demand for developing a technique
for manufacturing an iron-based part by appropriately adjusting not
only the required properties stated above, but also the hardness of
the member from the plated surface to an interior of the plated

member in a depth direction, is now increasing.

Disclosure of the Invention -

The present invention has been achieved in light of these
requirements. It is, therefore, an object of the present invention to
provide an iron-based part having not only an excellent sliding
performance and an excellent corrosion resistance but also a

hardness which is appropriately adjusted from a plated surface to



an interior of a plated nenber. According to one aspect of the present
‘invention, there is provided an iron-based part in which a surface of a
base netal nmade of iron or iron-based alloy is covered with a nickel |ayer
that contains carbon or a nickel layer that contains carbon and

phosphorus, a nickel diffused |ayer, the nickel content of which decreases
in a depth direction, is fornmed on the base netal nade of +the iron or

i ron-based all oy, and at |east a surface |ayer of the nickel diffused |ayer

cont ai nsanﬁgteﬁobmalmaté@membmsed part according to the present
I nvention, a surface of iron or iron-based alloy (hereinafter, "base

metal ") is coleceddmg hosom asplect afethe phegaitomesertien] therdased part can
realize the properties required in the techniques disclosed by the two

Pat ent Dprewveted aniiren;based par¢lihewhishiasugfaver 6banbase methl t he excel | ent
corrosion resistance. In order to realize these required properties, a

ni ckel madeusédromyariroa-haskdlalioytisrcoviradhinth denideedslayerathigpt h
direction of the base netal, is formed in the base netal of the iron-based
part accepataigsteanben pr ésamekellayan that containe aarbea andayer and the base

orevent BROSPHORES, 8 AieKel dEusath o ik Diskel HomR fouducket al . »
Further, ,in the iron-pased, part. according to th resent invention, the

ni ckel | A5EFeaseHtIA aéfeatﬁh@ﬁe@émnlso opRed %_ﬁﬁ@ as&nalqaﬁimae .

sur i ci ofl8 JFaher dEaBHbasetlatlny Fid Aldsast Bk 1apsdatbeas B n the sl ding
peyt of M k1" fhlSe § 94588 cORAER $HEWeebon. : -

In the iron-based part according to the present invention, a
surface of iron or iron-based alloy (hgreinafter, “base metal”) is
covered with a nickel layer. There}ore, the iron-based part can
realize the properties required in the techniques disclosed by the
two Patent Documents, 1.e., the excellent sliding performance and
the excellent corrosion resistance.

In order to realize these required properties, a nickel
diffused layer, a nickel content of which deceases in a depth
directiaon of the base metal, is formed in the base metal of the
iron-based part according to the present invention, and the nickel
layer and the base metal are joined to each other by diffusion. It
1s, therefore, possible to prevent the nickel layer from being peeled
off from the base metal.’ )

Further, in the iron-based part according to the present
invention, the nickel layer contains either carbon or both carbon
and phosphorus. Therefore, a hardness and a strength of the

nickel layer can be sufficiently increased, and the iron-based part‘

possesses both the sliding performance and the corrosion resistance



"4 because of the presence of the nickel layer. In such an iron-based part,
 the nickel diffused |ayer can have a quenched netal structure including
martensite. In addition, since the surface of the base netal is covered
with the nickel layer, the iron-based part is preferably applied to a
mechani cal el ement or a mechanismelenment required to have the abrasion
resi stance or the corrosion resistance. The iron-based part can be
"manufactured using the base netal nmade of a wought material or the base
netal reeteause aof shetpresdnoetef tld nickbkelaysentors of the present invention
found the following information (1) to (5) for a production nethod for the
i ron-based pdntsuckandirop-baseteparteskomickebriffised 13yérf cahdidbase net al
plated with nickel and made of an iron-based naterial having a | ow carbon
content a qulemth@d wedal structarounichidin gyasardensigher By addstiongr bon i s ni xed
into the nickel er and solid-solution treated, and the hardness of the
ni ckel |sap@e thiessu rf%/c@acsfethe edﬁﬁb@hlgoaeyesedhvﬁhgthe néclnelcleererl,ayer and
enters t g ghe anmount of the carbaon that aches t? base netal is
hi ghest ltrﬁél apeaarbs qefaralkly app dtcaaome@ gnl glement£des " towar d
the interior of the nmber. (2). If the bas tal plated with nickel and
made of & REchanjsmyslementitaquired Hat %\%ttﬁﬁ 188198 T SSESRBEERL under a gas

at nosphere havi ng a carhon potenti al han t he garbon ontent of the
oo o, COMERTRREEsiStBBRE ond BenEAN Bas p@&&&%ﬁama@ WFRFIHIEY, nto ¢ he

nickel e adhaol et M o8 et 7 (BRSO
made-of a sintered material.

The inventors of the present invention found the following
information (1) to (5) for a production method for the iron-basegi
part according to the present invention. )

(1)  If the base metal plated with nickel and made of an
iron-based material having a low carbon content is heated under a
carburizing gas atmosphere, then carbon is mixed into the nickel
layer and solid-solution treated, and the hardness of the nickel layer
is increased. The carbon passes through the nickel layer and
enters the member. The amount of the carbon that reaches the
base metal is highest at the surface of the nickel layer, and
gradually decreases toward the interior of the member.

(2)  If the base metal plated with nickel and made of the
iron-based material that contains carbon is heated under a gas
atmosphere having a carbon potential lower than the carbon content
of the base metal, then the carbon contained in the base metal is
mixed into the nickel layer and solid-solution treated, and the

hardness of the nickel layer is increased.

(3)  The heating of the iron-based material to an austenite region



'(3) The heating of the iron-based nmaterial to an austenite region 5

- tenperature under the carburizing gas atnosphere pronotes carburizing if
the tenperature is higher. If the gas atnosphere is constant, the
carburizing anount can be controlled by the heating tenperature and the
heating duration. (4) If the base netal plated with nickel and made of the
I ron-based material is heated to the austenite region tenperature of the
i ron-based netal, nickel and iron are nutually diffused and alloyed. The

ni ckel ctemhpetatyradusddytidecaebaeizihpogad htmvispheireCpiapetes onard a deep
portion of the base netal. The diffusion of nickel enables formation of a
stat e i ncasbiurhzinge ihth&kéemperature 1s imghet ur Jf ¢hel gas atmogiphereupl ed with
the surface of the base netal. Due to this, even if quenching, plastic

f or mi ng, chstaat, theicanbunzing amicairti an ibe conthadledi bonthd deiatg based part,
the nickel layer is not peeled off fromthe base netal. Pits of the nickel
| ayer ari@mpetatasd and thedweading iwagrani di ng a satisfactory layer. It is
noted that the tual diffusion of nickel and iron is pronoted if the gas

carburi zitlg adédmsapese metal plaved syitheniekelandmadet the phosphorus
contained in the electrol ess nickel plated layer [ntensifies the _hardness
of the nif@Rebased snatariabiriheatsd torhe austomts segramtamnarature pé

el ectrol ess. nickel plated |layer_  fupctions to inhibit. carburizing of the
base. ot e iT0R-baseRiRg nai ol iand KEgroAte SRRIANE GAFRERH Gk aned | N the
EZZ? - [rre L@hgﬁgagas’gﬁ%&%gk& rarhi@%géﬁrmléggﬁfaﬁr‘%nf&oﬁﬁlnetpﬁgélbé\lgsus cont ent
@5 the leély%?ttro%ftscf a-rﬁecéi)elpb%f%tnegf 'A% ase metal. The diffusion of
nickel enables formation of a state in which the nickel layer is
meta}lurgically strongly coupled with the surfac"e of the base metal.
Due to this, even if quenching, plastic formingj barrel finishing, or
the like is conducted on the iron-based part, the nickel layer is not
peeled off from the base metal. Pits of the nickel layer are
reduced or removed, thus providing a satisfactory layer. Itis
noted that the mutual diffusion of nickel and iron is promoted if the
gas carburizing accompanies the above-stated treatment.

(5)  The phosphorus contained in the electroless nickel plated
layer intensifies the hardness of the nickel layer. In addition, the
phosphorus contained in the electroless nickel plated layer
functions to inhibit carburizing of the base metal, carburizing the
nickel layer using the carbon contained in the base metal, and
carbon migration. Thus, the carbon content of the heat-treated
base metal can be adjusted according to the phosphorus content of
the electroless nickel-plated layer.

That is, according to another aspect of the present invention,

there 1s provided a production method for an iron-based part having



That is, according to another aspect of the present invention, there is

. provided a production nethod for an iron-based part having 6 the steps of:
covering a surface of a base nmetal made of iron or iron-based alloy that
contains carbon with a nickel |ayer; heating the base netal to an austenite
region tenperature in an iron-carbon standard constitutional diagram under
a carburizing gas atnosphere for the base netal nade of iron or under one
of a gas atnosphere having a carbon potential of 0.1 to 1.2% for the base

metal nmege QIfclg)st He éé?@r"?fgs_ﬁcktﬁfﬂ@?’ JPRRISR M@thDtadd BFiro §AS at nosphere

having a carbon potential” in equilibriumwth the carbon content of the

i ron- basgdnabho¥d AWy ahaeeoat IREPHEFISoNavithoa diieReEPPAyELI BBAtIAly | ower than
t he carbon content of the base nmetal; and cooling the "~ base netal. The

product i the betdadefairtd ha dustenbesestivmt@ngerptirte irraaoirdinrgatlpothe present
I nvention can realize excellent sliding performance and excellent corrosion
r esi st anstandbrd heonstomtbes el dipgram byn d ée aadurbarrdesty ighshtmed splerdBased on
this method, in the iron-based part, it is particularly possible to prevent
t he ni ckigr tHeabase metalomiade pfetren caf indepmnehof magas mttredspherepr ovi de
excel l ent sliding performance, abrasion resistance, and corrosion

resi st antaving aheanbicrkpoténgial ofadhd tw 1i. A% fasdheHmseamptal madd afhe
strength of the_nickel |ayer. According to yet another aspect_ of the present
i nvent i o inoebased glloyienntainingthetdashomtagasfadmesphemenhpyieg part

having steps of. covering a surface of an iron_base netal qQr_an iron-based
al | oy ba%@aﬁﬁempwemzﬂ 1] @rdauh[)aw; withhthe arhenpeentend: gf the an
) iron-based alloy, and a gas atmosphere having a carbon potential -

lower than the -carbon content of the base metal; and cooling the
base metal. ) .

The production method for the iron-based sintered part
according to the present invention can realize excellent sliding
performance and excellent corrosion resistance of the iron-based
part by the above-described method. Based on this method, in the
iron-based part, it is particularly possible to prevent the nickel
layer from being peeled off from the base metal, to provide
excellent sliding performance, abrasion resistance, and corrosion
resistance to the nickel layer, and to increase the hardness and the
strength of the nickel layer.

According to yet another aspect of the present invention,
there is provided a i)roduction method for an iron-based part h'éwing
steps of: covering a surface of an iron base metal or an iron-based
alloy base metal with a nickel layer; heating the base metal to an
austenite region temperature in an iron-carbon standard

constitutional diagram; and quenching and tempering the base

metal.



austenite region tenperature in an iron-carbon standard constitutional

. diagram and quenching and tenpering the base netal. 7 By carrying out the
guenching and tenpering, the base netal can be hardened at the part covered
with the nickel layer, the structure and nmechanical properties of the part
can be stabilized, the toughness of the part can be restored, and residual
stress in the part can be reduced. A concrete neans for the quenching

i ncl udes carburizing and quenching. If the carburizing and quenching'is

performed, it g caﬁf%i;rﬁgp%l%ﬂtechtehgﬁ?ﬁﬁﬁ%ﬂ%gmgf ﬁr?l?teli’fxg%pfﬁ-’é %'aséq%jbf‘ﬂ austeni te

region tenperature erforme Irs erature tor pronoting

car buri zigmbakardedied aflthé ysdr@bowied Weth kRe Aficke] Tage! the second

tenperature | ower than the first tenperature, and the quenching is

per f or medrudtige a5 thbehsaidulrpropertics bf olietssttaiart be stabiivadure (the

first tenperature) higher by about 100C than ‘an A3 transformation point of

t he i rortheatatkhwd sy bfithe gnurttdmnbehe storsicind aekssdwel §nesednvitid e t he

tenperature is maintained at the tenperature (the second tenperature)

hi gher Qyardbeant b8Q€dutad.t he A3 transformation point, whereby the part

which has a relatively large carburizing quantity and to which residual

austenite by theongrete meansdonrthel guenclimg énchids mearburzimg amdoduct i on

met hod according to_the present invention, the nickel |ayer can be

| ami nat ednenclvag. or i the sasburizingkand quenching s pegfenmed| ¢ty ol ess ni ckel
| ating, or, by both performng. |f the nickel |ayer is a nickel-phosphorus

B| at edgugﬁfﬁrgbi,enﬂmtﬁyeq&gg otg the base metal to the gustenfte region PhosP

D temperature be performed first at a first temperature for promoting
carburizing and nickel diffusion, and then be performed at a second
temperature lower than the first temperature, and the quenching is
performed. That is, the carburizing is promoted at the tgmperature
(the first temperature) higher by about 100°C than an A;
transformation point of the iron-based material, and then the
quenching is performed while the temperature is maintained at the
temperature (the second temperature) higher by about 50°C than the
Aj; transformation point, whereby the part which has a relatively
large carburizing quantity and to which residual austenite by the
quenching occurs less can be obtained.

In the production method according to the present invention,
the nickel layer can be laminated by performing one of nickel
eleétroplating and electroless nickel plating, or by both performing.
If the nickel layer is a nickel-phosphorus plated layer formed by the
electroless nickel plating and having a phosphorus content of 15
mass % or less, in particular, it is preferable that the phosphorus

content be reduced so as to increase the carburizing quantity of the

iron or iron-based alloy and that the phosphorus content is



el ectrol ess nickel plating and having a phosphorus content of 15 rmass % or
» less, in particular, it is preferable that the phosphorus content be
reduced so as to increase the carburizing quantity of the iron or

i ron-based all oy and that the phosphorus content is 8 increased so as to
reduce the carburizing quantity of the iron or iron-based alloy. The
phosphorus content of the nickel plated |ayer fornmed by the el ectrol ess

ni ckel plating can be adjusted based on the content and the pH of sodium

phosphat @ cgeated nedas Roaediicd tH caebukizfg duantity HCHR] ilebed | ayer is
heated, a eutectic structure of nickel trri-phosphide (Ni3P) is precipitated

from an iramebabed alksy.uctlie phdwpirirnshessientnef tihe nickebplawyder. Therefore,

i f the phosphorus content is higher, the hardness of the ED nickel |ayer
can be ilyerafrthed by thaelectrobess Nidkekphtieg cxabenadjusted-baned
diffractometry ("XRD"). Further, the phosphorus contained in the nickel

| ayer caon thehidntentamlitheipid &f sodisinphosphappeandansedintahe eutectic
structure. |f the phosphorus content of the nickel |ayer exceeds 15 mass %
it is dipktgsoletioar bulf the miekal plated hajer mbieabed, arantebticed net al .
Thus, the adjustnent of the carburizing of the base netal can be made by
adj ust i ngreaeunshos prokektdophesphade (NibP) as nresipabod fporenni al of the gas
at nosphere and the heating _tenperature. In_ _additio i f the base netal nmade
of the i3BRIPIOES stanecBires dhesehy lardempg the Eiﬂi@éGIWer the gas

base ot BACTEIOTE: 36 BpABKLED OMILE AR RLEFoRe PAVGHCTuAt thRi bi
ooy burl 2} Me1Fhyl ol 665ncrdSa. TR iSIoRd tHat® RSB daddpEhe Phosphorus
examined by X-ray diffractometry (“XRD”). |
Further, the phosphorus contained in the nickel layer can
A'inhibit carburizing by causing the appear;ﬁce of the eutectic
structure. If the phosphorus content of the nickel layer exceeds 15
mass %, it is difficult to carburize the nickel layer and the
iron-based metal. Thus, the adjustment of the carburizing of the
base metal can be made by adjusting the phosphorus content as well
as the carbon potential of the gas atmosphere and the heating
temperature. In addition, if the base metal made of the iron-based
alloy containing carbon 1s heated under the gas atmosphere having
the carbon potential lower than the carbon content of the base metal,
the phosphorus contained in the nickel layer can inhibit carburizing
of the nickel layer. Therefore, by adjusting the phosphorus
content of the electroless nickel plated layer, the carbon content of
the heat-treated base metal can be adjusted.
The iron-based part used for the iron-based part production

method can be manufactured using a base metal made of a wrought

material or using a base metal made of a sintered material.



content of the electroless nickel plated |ayer, the carbon content of the
- heat-treated base netal can be adjusted. The iron-based part used for the

i ron-based part production method can be nmanufactured using a base netal
made of a wought material or using a base netal nmade of a sintered
material. 9 According to the present invention, the nickel plated layer is
formed on the surface of the base netal, the base netal is heated to the
austenite region tenperature to cause mgration of the carbon contained in

the gas atnospheceording battheqniesenedniventiten breniekel pldeidvkerertie base
nmetal and the nickel layer, and the base netal is gradually cool ed or

quenchedforied o1 tiee slayfapres oifithe base avetalf tiee baisef metabis hleatbdge net al
with the nickel layer that contains carbon, and to strongly couple the

ni ckel |thgeaustemite negiom tempsrdtbes ¢o Causeainigtenon, of ke magbent i nventi on
is promsing.in _that it can provide a nechanical elenent or a mechani sm

el enent eeip@ibnedon thepghgiatmaesphers poshah consantethee the base setadce of a
base netal irrespective of whether the base netal js made of iron that does

not corhefweetberbase meial pagethaniekel hayer andithe basensietabisto the
ot cr 1 ol STachRLY Gooofcon AHFAGhedcol Toit UATelnBOSHPHGATET thea
ayer pOraReicl this Bass doEfa with the drekel 1Auet tRRL CRBSINSG AR Sbhneos.
neat - ¢ roHiLd0 StEMpEbY coumTehedtiakah taver with e Hoath e B pi e) Troma
§5 face metat. ‘Hence, the present invention is promising in that it can '
provide a mechanical element or a mechanism element capable of
applying the corrosion re§j§tance to the surface of a basg metal
irrespective of whether the base metal is made of iron that does not
contain carbon or iron-based alloy that contains carbon, or to the
surface of the base metal made of even a relatively inexpensive
iron-based material, capable of realizing excellent sliding
performance to a counterpart member, and capable of exhibiting
properties that a surface layer portion is hard and that an internal

. portion, has high toughness.

Brief Description of the Drawings
Fig. 1 is a graph which shows a depth of a heat-treated
compact subjected to nickel plating (a first example) from a surface
and densities of respective elements as measured by count number;
Fig. 2 is a graph which shows a depth of a heat-treated
compact subjected to nickel plating (a third example)'from a
surface and densities of respective elements as measured by count

number; and

10



and densities of respective elenments as nmeasured by count nunber; Fig. 2 is
-a graph which shows a depth of a heat-treated conpact subjected to nicke
plating (a third exanple) froma surface and densities of respective

el enents as neasured by count nunber; and 10 Figs. 3A and 3B are
respectively a photograph of an outside of a sanple in the first exanple,
and a phot ograph of an outside of a sanple which is subjected only to the
ni ckel plating, after salt spray tests. Best Mdde for Carrying out the

I nvention An eRigsli 3rinandf3B lreprespectivelyeatpintographbef dasonisidd
hereinafter. 9 (1} Base Metal Made of Iron or Iron-Based Allay As a base
netal nmadé asampde 1orthe bivsbexatpld, @andvai photsgtaph bé ail atesiddofh a
wrought material and a sintered material are available. As the wought

mat eri al 3 Sasnpleamduchstsestbjactad emlyoyo the nakied platyngsafiavisadt a 1 ow car bon
content such as structural carbon steel can be used. The base nmetal nade of
t he wou§pray #@stérial is forned by an ordinary method such as plastic

form ng, blanking, machining, or grinding, and a post treatnment such as
barrel finishing or shot peening can be conducted on the base netal if it

I S neces ‘ ' rﬁft, grial, pure iron containing no
addi ti ve%?%ggg&gﬂ o@%ﬁg&%}ﬂtg]&% e- éjmgﬁpoy and Fe-Cu-C all oy, and
sintered alloy,co | NN S | enents.as N....Cr, n Qr 4se  when a
hi gh mechani ca‘lA‘ E@%#Hig?gyg’z&ﬁﬁ%?%a@\%%@e"."”ﬁbae ﬂeymtl%ed"
hereinafter.

(1>  Base Metal Made of Iron or Iron-Based Alloy

As a base metal made of iron or iron-based alloy which is to

be plated, both a wrought material and a sintered material are
available.w- As the wrought material, low carbon steel or an alloy
of various types having a low carbon content such as structural
carbon steel can be used. The base metal made of the wrought
material is formed by an ordinary method such as plastic forming,
blanking, machining, or grinding, and a post treatment such as
barrel finishing or shot peening can be conducted on the base metal
if it is necessary to do so.

As the sintered material, pure iron containing no additive
elements, alloys such as Fe-Cu alloy and Fe-Cu-C alloy, and
sintered alloy containing such elements as Ni, Cr, Mo and V for use
when a high mechanical strength is required are available. A
density of the sintered material can be set at about 6.5 Mg/m®.
Preferably, the sintered material having a high density and
including fewer pores is used since it is possible to make it difficult
for a plating solution to enter the pores. If the sintered material

having high density and fewer pores is used, a post treatment such
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density of the sintered material can be set at about 6.5 My/n8. Preferably,
- the sintered material having a high density and including fewer pores is
used since it is possible to nake it difficult for a plating solution to
enter the pores. If the sintered material having high density and fewer
pores is used, a post treatnent such 11 as machining, barrel finishing, or
shot peening can be conducted on the sintered conpact. (2) El ectroplating
Conventional electroplating is used. A plating process is generally

real i zecahmadnueng] batrrelchm yhigg oot shot gpeealin g cambs conddetgdasi ng
treatnment, an electrolytic cleaning treatnent, an acid activation

t r eat merthe sindergdh@omyaet.ni ckel plating treatment, and a nickel plating
treatmenf__on the base netal nade of iron or iron-based alloy. A treatnent
sol uti orl2)and Blecteeplatimgtine for each treat nent step are as follows. The
al kal i irrrrersi& degr easi ngi treatpent i.s perfogg'ed by imersing the base
metal in a warkPBYeRHEdA Rlgctppladmainusgd. sodi DRIRGAMHAESS 1Sodi um
silicate, -sodi:[Jm Ehﬁsgaa&ﬁ and sodi,um carbonate fo aﬁo.ut 10 m nutes. The
ol ect r ol JRIT AL ERR HECH R SeaRe A LK Qs FHIRE Yt AbAKAY RMATSIOn: a
current density of .0 Aldn?2 in m agueous sol ution contai,ni ng sodi um
hydr oxi AEeastn g iredtimenl en slacBalvhn ChaTnE E ol iB ATy [ he’ base
metal ii_the t for 10 _m.nutes. The i dyactivation 9 tregtpent is
por for e hyafinar effineRhe dcaituld Syer HcREL S1ThR BEREREBEAERIAL  on For
about 1 m ] ayer ' | t I's perfornmed by
Appl Vi ngﬂ‘ﬂg#ﬁl@:&gi@g gfe%‘fﬂldeﬂt fi"the"b55E mAaith 8 LI ST

) ~ iron-basedalloy. A treatment solution and a treatment time for
each treatment-step are as follows.

The alkali immersion degreasing treatment is performed by
immersing the base metal in a warm;queous solution containing
sodium hydroxide, sodium silicate, sodium phosphate, and sodium
carbonate for about 10 minutes. The electrolytic cleaning
treatment is performed by applying current at a current density of
10 A/dm?® in a warm aqueous solution containing sodium hydroxide,
sodium silicate, and sodium carbonate, and immersing the base
metal in the solution for 10 minutes. The acid activation
oh treatment is performed by immersing the base metal in a

hydrochloric acid solution for about I minute. The ground layer
nickel plating treatment is performed by applying current at a
current density of 5 to 10'A/dm? in an aqueous solution containing
nickel sulfate, nickel chloride and hydrochloric acid, and
immersing a base metal in the solution for about 15 minutes. The
nickel plating treatment 1s perfomed by applying current at a

current density of 5 A/dm? in an aqueous solution containing nickel

sulfate, nickel chloride and boric acid, and by immersing the base
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current density of 5 to 10 A/dn2 in an aqueous sol ution containing nickel

- sulfate, nickel chloride and hydrochloric acid, and inmmersing a base netal
in the solution for about 15 mnutes. The nickel plating treatnment is
perfoned by applying current at a current density of 5 A/dnR2 in an aqueous
solution containing nickel sulfate, nickel chloride and boric acid, and by
imrersing the base 12 netal in the solution for about 12 mnutes. (3)

El ectrol ess Plating Conventional electroless plating is used. A plating
process mesalgan¢haldolutieal feedbontsE2jweutelsl y carrying out an al kal i

I mrer si on degreasing treatnent, an acid activation treatnent, and an

el ectrol{@9s niElesitrplessi Platimgt he base metal nmade of iron or iron-based
alloy. Atreatnent solution and a treatnment tine for each treatnment step
are as fol | ondComnensidnli elestenleissrplatigre isssgdt r eAt plating proeessr ned by

I mmersing the base nmetal in a warm aqueous sol ution containing sodium
hydr oxi dé,genrenally serlizaddby mmtpguymfmngxmtmialkalmar bonat e for
about 10 mnutes. The acjd activation treatnent is performed by i mersing
the basdUHRCAPIOR degrpasurdirsatanent.an ag1dacshy ateen peatment; ade. The

o el AL P 0, AR 5 RLIGR, by ersing (he pace
oL o R AT, * kb bt bt BB R o5, T
g;gggr ggéqﬂ%@%ﬁﬂqéthgwba%#gaﬁﬁ%ifog[gdpn%sphor us content can be .adjusted
5 The alkali immersion degreasing treatment is performed by
immersing the base metal in a warm aqueous solution containing
sodium hydroxide, sodium silicate, sodium phosphate, and sodium
carbonate for aboutmlo minutes. The acid activation treatmen;is
performed by immersing the base metal in a hydrochloric acid
solution for about 1 minute. The electroless nickel plating
treatment is performed by immersing the base metal in a warm
aqueous solution containing sodium hyposulfite, sodium citrate,
sodium acetate, and nickel chloride for about 25 minutes. This
electroless nickel plating can instead be performed by
nickel-phosphorus electroplating. In the latter case, a phosphorus
content can be adjusted based on the content and the pH of sodium
phosphate contained in the plating solution.
(4) Thickness of Nickel Plated Layer

A thickness of a nickel plated layer can be appropriately set
according to a dimensional accuracy, a corrosion resistance, and the
like of a product. The thickness is normally set at about 2 to 8

micrometers. The thickness of the nickel plated layer can be

controlled by the duration the base metal is immersed in the plating
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phosphate contained in the plating solution. (4) Thickness of N ckel Pl ated
- Layer A thickness of a nickel plated |ayer can be appropriately set
according to a dinmensional accuracy, a corrosion resistance, and the |Iike
of a product. The thickness is normally set at about 2 to 8 mcroneters.
The thickness of the nickel plated |ayer can be controlled by the duration
the base nmetal is imersed in the plating 13 solution. The nickel plated
| ayer can be a plurality of nickel plated |aminated |ayers by performing at
| east oreolotiathe Ailckalickel plateg krykert ban deatplarabisy oichetkel ati ng. (5)
Heat Treatment As a heat treatnment, both a heat treatnment for heating the
base netplated lamisaped dayees by partarsning 0sé leasgt oneodf the nickal based
material and for gradually cooling the base netal, and a heat treatnent for
car ryi nplatmg asdcthenglegizolessprraks] platimg. base netal are possible. The
former is eff tivi‘if a soft part is obtained in anticipation of a nickel
diffusid%)eff eabArgatmgsing nickel into the base netal. The latter is
ained in antici i on.of this nickel

T R o RS el b S eha s B REHIAR T e
the Ilike of the heat treatnent, pormal pracessing c i tions,can ,be
hdopt ed Daremstal 86 e mbraabe af Anoausteals FeRion O1adia Hathesed “base
et Al dgaD L oso 040N AL BR0ER DS RLER, SRR 5119 P oy
be sim LaLh¥nBREYSE APFFIng 3Gt LN F $'dnd tempering to the base
\D metal are possible. The former is effective if a soft part is

obtained in anticipation of a nickel diffusion effect of diffusing

nickel into the base metal. The latter is appropriate if a harder

part“{é obtained in anticipation of this nickel di—ffusion effect.

As a gas atmosphere, a temperature, a heating time, and the
like of the heat treatment, normal processing conditions can be
adopted.
The gas atmosphere of the heat treatment is as follows. A

base metal that does not contain carbon is heated under a

carburizing gas atmosphere. The base metal that contains carbon
D of 0.6 mass % or less can be similarly heated under the carburizing
gas atmosphere. A carbon potential of the carburizing gas |
atmosphere is determined according to the carbon content of the
base metal. For example, if the base metal is an iron-based alloy
having a carbon content of about 0.2 mass %, the carbon potential
1s set at about 0.6 to 0.8%. If so, the heat treatment temperature is
set at about 850 to 900°C equal to or higher than an A;
transformation point, and the heating time is set at about 90 to 180

minutes. If a carburizing depth of the base metal is intended to be
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gas atnosphere. A carbon potential of the carburizing gas atnosphere is
-determ ned according to the carbon content of the base netal. For exanple,
if the base nmetal is an iron-based alloy having a carbon content of about
0.2 mass % the carbon potential 1is set at about 0.6 to 0.8% If so, the
heat treatnent tenperature is set at about 850 to 900C equal to or higher
than an A3 transformation point, and the heating time is set at about 90 to
180 minutes. If a carburizing depth of the base nmetal is intended to be 14
smal |, t bmadhrhencprdhentpotente dm det sét gigh,upp tto abbout 112206 By t hus
carrying out the heat treatnent, the nickel |ayer and the base netal

| ocat ed tlaspcangiing ohe the desit tragtmeat ethembok el bayemaddrthekbase and i ron
are alternately diffused into the base netal and the nickel |ayer,

respect | T8itgl legatadbdeepiinsede the rrokedlaysntanet carhwrigedgdandigioksduced from
a surface toward a deep portion.. If .quenching is perforped after the

car buri zARg 1ReAtare; aldarnately &?éw%@rmw thetkassematat @n@g?h%l@léel rel atively
hi gh, e.Eﬁ.y, a tenpera urel‘hi gﬁer bly aeaout 100C t han-the A3 transformation
poi nt, atYtd, AEFRF HVFI%'per HIGReraiicke] and (Gathopr epRISH S Afest age  can be

set hi gher bout, 50 han the A3 transfqrmation poji.nt. By carrying out

t he heat gf@‘i‘i@@rﬁequﬁ AP sYriglsh Bﬁwafan%%@ieﬁ’epgﬁ%ﬂnbe reduced and a
good quenched ructure can _beobtained. The tenpering ks performed by
heating the ba eq%lflgfm{% 13 pe[rgﬂ%eg{]aﬂgr ea%%‘;ﬁuriéld% :ll&a?about 1 hour in
an ordin ?i:&@ er,, . i I . heat

treat rrenﬁ{%g 2" &%@&%&M%@%&@Q&r@?ﬁ&ﬁﬁTe@%ﬁ\?@%@?@&rg Iunder the
gay at Mg RBRT SN R BhERRPALBUL FUO A than the A; transformation -
point, and a holding temperature at a quenching preparation stage
can be set higher by about 50°C than the A3 transformation point.
By carrying out the heat treatment in two stages, carburizing time
can be reduced and a good quenched structure can be obtained.

The tempering is performed by heating the base metal to a
temperature of about 180°C for about 1 hour in an ordinary manner,
and by cooling the base metal afterwards.

The heat treatment can be performed on the base metal that
contains carbon under the gas atmosphere having a carbon potential
set equal to the carbon content of the base metal. By carrying out
the heat treatment under the gas atmosphere at an equilibrium
carbon concentration, a nickel plated layer is carburized using the
carbon contained in the gas atmosphere and the base metal, the’
nickel layer and the iron-based material are substantially equal in
carbon content, and nickel is diffused into the base metal. The
base metal to be used herein preferably has a carbon content of
about 0.4 to 0.6 mass %.

The heat treatment can be performed on the base metal that

15



set equal to the carbon content of the base netal. By carrying out the heat
- treatnent under the gas atnosphere at an equilibrium carbon concentration,
a nickel plated layer is carburized using the carbon contained in the gas
at nosphere and the base netal, the nickel |ayer and the iron-based materi al
are substantially equal in carbon content, and nickel is diffused into the
base netal. The base netal to be used herein preferably has a carbon
content of about 0.4 to 0.6 nmass % The heat treatnent can be perforned on
t he basehasnatelatiately 1 ghasasbomlcainteat nndghtheaghorataonsgidreunder the gas -

atmosphere having a | ower carbon potential than the carbon content of the
base mehaving a kower caskon tphetendrdlotharetls caabongcenteartbof thedasst of, for
exanpl e, about 0.4 to 0.9 mass % can be used. If the heat treatment is
per f or nealetiabier InHbiggaseas the marbenhmatal baven gonwearboar bomtemstafht i al t han
the carbgn content of the base netal, the carbon contained in the gas
at mosphefs examprgt abont £} .Aetp 0n9 thass Basambeansed.e Hixbe heato t he ni ckel
| ayer (the nickel layer is 9 ¢ rbuili zed using Hég carbon contained in the
gas at moSpREDENS A8 pardarmeshundgedhenganatmosphesehavingthe dpwEr content of
a surface .layer por.tj of .t he hase netal i educed and .nickel is diffused
"nto t heoarhathpotpatal than thencartion kontent of the bak MetalethBr med i n the
gas at nosphere hayin 0 rbon tential , th t he nickel,.plated | ayer is
carburi Z IEP&I} ﬁ&%ﬂ“&&%%ﬁﬁr%gg@ﬁﬁgbﬁéﬁ qq&?‘iﬁ%pcﬁgg%lm‘é[&ﬁ?he car bon
cont ent t S tal 4i. ced th ont f _a.surface of the
ni ckel pl?%%eeg%’%@ﬁeir}g‘l?%qv.l%#’liggaﬁlc%ﬁﬁr]%é’teéittpglm %%ﬁt}gyags}gat nosphere is,
FRET ef or G tRIr§E 8 WiN g ¥he Srtfhrl Yontained in the gas atmosphere and -~ + -

that contained in the base metal). The carbon content of a surface

layer portion of the base metal is reduced and nickel is diffused

into the surface layer portion. If the heat treatment is performed

in the gas atmosphere having no carbon potential, then the nickel

plated layer is carburized using only the carbon contained in the

base metal, the carbon content of the base metal is reduced, and the

content of a surface of the nickel plated layer is low. The carbon

potential of the gas atmosphere is, therefore, preferably set at 0.1%

or more. As can be seen, the nickel layer and the base metal are

W

firmly coupled to each other by the mutual diffusion of nickel and
iron. Therefore, peeling hardly occurs even if shearing is
performed or an impact is applied. In addition, cracking and
peeling hardly occur even if quenching is performed.
(6)  Cross-Sectional Structure of Product

A surface of a product obtained by heating and then
gradually cooling the nickel plated base metal under the
carburizing gas atmosphere is covered with the nickel layer, and a

layer below the nickel layer has an iron pearlite structure or a
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or nore. As can be seen, the nickel |layer and the base netal are firmy

- coupled to each other by the nutual diffusion of nickel and iron.
Therefore, peeling hardly occurs even if shearing is perfornmed or an inpact
is applied. In addition, cracking and peeling hardly occur even if
quenching is performed. (6) Cross-Sectional Structure of Product A surface
of a product obtained by heating and then gradually cooling the nickel

pl ated base metal under the carburizing gas atnosphere is covered with the
ni ckel |smyrtyreasttugtutaypdrfcreitoandpearbitel |HHwdie base anctalodopeanitite
structure or a 16 m xture structure of ferrite and pearlite. |If the base

met al doegntan carbimmbefers bhe Hesftdreatment eard ar‘e(aﬁrmntoﬁthb bagel ume of the
base netal is high, a central portion of the base netal often has a

pear | i t emetalies bigh, acgerstdalapmtl@dbbécthprmm@aﬂaiﬁﬁeum ag the base
met al that ciontal ns carbon before t he e@i treatnment has an . irqgn pearlite
struct urRed1lg $hrueturs.r ués gradea }D’efJ@Dl i}iﬁd@@éﬂbﬁﬂéﬂe APNE obt ai ned

L S b L
1oy o S inchid SR TP lP ol s o,
i npr oved&%‘? {)Fatlye g‘?% emfﬁ'flf&%‘?‘i’%f 5‘?1 of the base
T e orahéhinl 33 ifira stateli @@ﬂ&wﬁ% i ‘?ﬁl@@@ﬁ?ﬁ@s SERI DY cont ent

ohy the bagenfBtd tayer’ CHf Sdplrcfcﬁf@tt B6taiePE$ heating the nickel

plated base metal that is made of iron or iron-based alloy, and
quenching and tempering the base metal afterwards, a region which
contains carbon and into which nickel ancr i}on are diffused has an
improved hardenability. Therefore, the surface layer portion of
the base metal, in particular, is in a state in which the portion tends
to be transformed into a martensite structure by rapid cooling.
The nickel content of the base metal is reduced from the surface
layer to the deep portion of the base metal. Therefore, even if the
surface,layer portion of the base metal has the martensite structure,
the deep portion of the base metal often has a troostite structure or
a bainite structure. If the base metal that contains no carbon and
that is relatively large is used, the central portion of the base metal
has a ferrite structure. - o
A product obtained by heating and then gradually cooling
the nickel plated base metal that contains carbon under a gas
atmosphere having a carbon potential equal to the carbon content of
the base metal has a pearlite structure or a mixture structure of

ferrite and pearlite. In addition, a product obtained by heating and
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| ayer to the deep portion of the base netal. Therefore, even if the

surface, layer portion of the base netal has the nmartensite structure, the
deep portion of the base netal often has a troostite structure or a bainite
structure. ' If the base netal that contains no carbon and that is
relatively large is used, the central portion of the base netal has a
ferrite structure. A product obtained by heating and then gradually cooling
the nickel plated base netal that contains carbon under a gas atnosphere

havi ng aheargeaduxigtocdingahalbise iwtatahhoreoerairencasbontireddage metal has
a pearlite structure or a mxture structure of ferrite and pearlite. In

addi ti orgasaatnosphérobaaingd barbeatpmgnaia oAvehehagrthduedttyorcool i ng t he
base netal that contains carbon under a gas atnosphere having a carbon

pot ent i alontentofithenbase metaldms smmilarly of peaditeastruotunt dvas sinmilarly a
pearlite structure or a mxture structure of ferrite and pearlite. The

har denaixtuye gitructuregebhermtevandnpeadkiel. i Ihei hardedabdity efia ron matrix
is inproved. .Therefore, if the cooling rate is relatively high, the product
has a B&RHR dnsvhieh wmicket 1a diffisasbiiic a8 1EORUBIAGFIX 1A1BPEOFedect i on of
such a pr.oduct can, he subjected to an anal ysis of, carbqn, nickel,

phosphor feg‘ﬁﬁeaiﬁo € 6RO %ﬁﬁt%h%fe](ﬁh‘éé&aﬁb&h:b@%@ﬁﬁaﬂcéﬂlaée@ect ed

counts, whi ch sini]arl applies ereafter) using an el ectron probe
m cr oané’laﬁletre %ﬁrﬁpﬁm) gr IaofmeeRS e St:ré‘t%é?ﬁ-r ations of respective el enents

o o rosull ol phel el gt B sRLRSE ARl i SRR B oLl

Wl buri 239y S35 ALAPSBACHTREE SRoSFhOAYE add5:8R" EHeentrations
(indicated by number of detected counts, which similarly applies
hereafter) using an electron probe microanalyzer (“EPMA”). For .

example, concentrations o?rrespective elements as a result of

analyzing the cross section of the product obtained by heating and

gradualily cooling the nickel plated base metal under the

carburizing gas atmosphere are as follows. The carbon

concentration is highest on the surface of the nickel layer, and

decreases toward the interior thereof. The nickel concentration is

low at the surface of the nickel layer since much carbon is

contained in the deep portion of the nickel layer. In addition, as a

result of a decrease in the carbon content toward the deep portion

of the nickel layer, the nickel concentration is the highestin a

slightly deep 'prartion from the surface of the nickel layer, and

decreases toward the deeper portion by the diffusion of nickel into

the iron matrix. On the other hand, for the product obtained by

heating and cooling the base metal that contains carbon under the

gas atmosphere having a low carbon potential, the carbon

concentration is lower in the nickel diffused layer than the deep

18



concentration is highest on the surface of the nickel |layer, and decreases
- toward the interior thereof. The nickel concentration is |ow at the surface
of the nickel |ayer since nmuch carbon is contained in the deep portion of
the nickel layer. In addition, as a result of a decrease in the carbon
content toward the deep portion of the nickel |ayer, the nickel
concentration is the highest in a slightly deep portion fromthe surface of
t he nickel layer, and decreases toward the deeper portion by the diffusion

of ni ckgpoitidw aridés lowestat the s@rfdde oftthernivked. lafyer. t HEhiy fduct obt ai ned
by heating and cooling the base netal that contains carbon under the gas
at nosphérecdime oarbon ewntarbod ipdhenbase metad isamived indoadet natkedn is | ower
in the nickel diffused |layer than the deep 18 portion and is | owest on the
surface layerhe nickel layer. This is because carbon contained in the base
metal is mxed_ into the nickel |ayer. Phosphorus concentration follows a
sinilar pattefthesphomris epncentratiendolloomsensimtlasrpattern to shat iof
phosphor us Iﬁ:}_{(;‘riiceﬁntration is low at the surface of the nickel layer and is

I

hi ghest ¢ caceniEatiage inhatdscihedhesmieriy 6PneANLIALEOR 18 he
ouard J0R6as thEGHURAFR IENItlR LelnBAs BHAGHIGIOYIBER Used. 1t | <
ol at ed 10§ReASe Ha e eRTiom COTasaHT HABARYAEd ohe SH@PUNGOSHRI | o the. dept h
B N TR e A L I L
gii)(:kel - EW A A ddep? ?QEP&i’rriHSWhich iron and nickel are mutually diffused. -

It is noted that the higher the phosphorus content of the

nickel-phosphorus plated layer, the lower the carbon concentration

and the sn?a]ler the depth of carbon diffusion from thtemsurface.

The iron concentration 1s, in contrast, reduced toward the surface of

the product by the diffusion of nickel, carbon, or phosphorus.

(7  Outside of Product

The surface of the nickel layer that has been subjected to the

heat treatment has a white gray color without gloss. If the heat
n treatment is performed under the carburizing gas atmosphere
J having the high carbon potential, soot often adheres to the surface

of the nickel layer (the surface of the nickel layer is often sooty).

The soot can be removed by barrel finishing or the like. By

“carrying out the heat treatment, the nickel layer is free of defects

such as pits, and is metallurgically coupled with the base metal. If

the sintered material having bores is used as the base metal, in

particular, the surface of the product is sealed, thereby exhibiting

an excellent corrosion resistance. If a salt spray test is conducted

on the nickel plated product without the heat treatment and the
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'(7) Qutside of Product The surface of the nickel |ayer that has been

+ subjected to the heat treatnent has a white gray color without gloss. If
the heat treatnent is performed under the carburizing gas atnosphere

havi ng the high carbon potential, soot often adheres to the surface of the
ni ckel |ayer (the surface of the nickel layer is often sooty). The soot can
be renoved by barrel finishing or the |like. By -carrying out the heat
treatnment, the nickel layer is free of defects such as pits, and is

net al | urmgickal Iprodacplvelich hiast beehaubjoetad tolthe héwt sieatrread, theeri al
having bores is used as the base netal, in particular, the surface of the
product differemicedbetweertiheetvnoptdductansequseldearcorrosi on resistance. |f
a salt spray test is conducted on the nickel plated product wthout the
heat treatnment and the 19 ni ckel product which has been subjected to the
heat treatnment, the difference between the two products is quite clear.
Exanpl e Xa‘m@lpﬁesent i nvention wll be specifically described with

-reference to the followi ng exanpl es at-treat conmpagt jf .sintered
material is u @ge%&@%@mlomﬁﬂ&g‘gﬁ@m MSPBEQ&%I dA“Bbh\der obt ai ned
by m xi r}% an at om Eﬁ% r&n [i)owder S'Atom’ zed Steel Powder 300M

manuf actGESEETRE Kobae dodlwingekamples.e| ectrol ytic copper powder (" CEl5"

(manut aciEREA Ao dctt RRast of htpind Bisriay us S B rm RN - (2i nc
st ear at @ir?’?’aﬁﬁ%@%ﬁd%?ﬁ&%ﬂ%ﬁr m ned proportions, is

’j : A powder obtained by mixing an atomized iron powder
(“Atomized Steel Powder 300M” manufactured by Kobe Steel,
Ltd.), an electrolytic copper powder (“CE15” manufactured by
Fukuda Kinzoku Hakufun Kogyo), a—g;aphite powder
(manufactured by Southwester Graphite Company), and a lubricant
(zinc stearate) by respective predetermined proportions, is
compression-formed 1n a die, and sintered under a butane denatured
gas atmosphere at 1120°C. The composition of the sintered
compact is such that a copper content is 1.5 mass % and a

) combined carbon content is 0.2 mass %, and a density is 6.7

) Mg/m3.

The sintered compact is subjected to nickel electroplating (a
first example). The sintered compact is subjected to electroless
nickel plating (a second example). The thickness of the nickel
plated layer is 5 micrometers in each of the first example and the
second example. The phosphorus content of the electroless nickel
plated layer is set to be low. Under these conditions, samples in
the first and the second examples are each sequentially subjected to

quenching and tempering. The quenching is performed by heating
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‘conpression-fornmed in a die, and sintered under a butane denatured gas

+ at nosphere at 1120C. The conposition of the sintered conpact is such that a
copper content is 1.5 mass % and a conbi ned carbon content is 0.2 nass %
and a density is 6.7 My/nB The sintered conpact is subjected to nickel

el ectroplating (a first exanple). The sintered conpact is subjected to

el ectroless nickel plating (a second exanple). The thickness of the nickel
plated layer is 5 micrometers in each of the first exanple and the second
exanpl e. ed¢le spnoplhandsr eooaehurioingheashtnvsphess haivikgl a qdrboad | ayer is
set to be low Under these conditions, sanples in the first and the second
exanpl espatenteat lof§d6rati 85 0 JC finyj 2 dicanrst andytheer withgueent himgpehe ng. The
quenching is perforned by heating 20 each sanpl e under a carburizing gas

at nosphehea Bag‘lpiecarﬁ;ﬂ tepopermigais perfoaedtbwheating andthers, and then
oi | quenching the heated sanple. The tenpering is perfornmed by heating and
then grgtRdvalyceeoling theesamphe ani atraosphprierair af 188°Cldoclior 1 hour.
Third and Fourth Exanples The base netal is manufactured using the sane

mat eri al hOBbwders and the sanme production nethod as those in the first and

compact T BI%S MGEGUIAN FREIBDHRr ed compact s subj ected to nickel oo
o SO oPLaL 1Bl At SRR Ak cBRTBRES el S L0 e
second eﬁ(g\que%sé &8 18358 production method as those in the first and
) the second examples except that the combined carbon content of the -
sintered compact is 0.6 mass %. The sintered compact is
subjected to nickel electroplating (a third example). The sintered
compact is subjectédqt; electroless nickel plating (a-fourth o
example). Samples in the first and the second examples are heated
under a gas atmosphere having a carbon potential of 0.1% at 880°C
for 1 hour, and were then subjected to quenching and tempering.
Fifth Example
The base metal is manufactured by the same production
method as that in the third and the fourth examples, with the
combined carbon content of the sintered compact set at 0.6 mass %.
This sintered compact is subjected to nickel electroplating, heated
under a gas atmosphere having a carbon potential of 0.6% at 850°C
for 2 hours, and then subjected to quenching and tempering in a
manner similar to that of the third and the fourth examples.

Cross-sectional hardnesses of the respective samples in the

first to the fifth examples are illustrated in Table 1 below.
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under a gas at nosphere having a carbon potential of 0.1%at 880C for 1
hour, and were then subjected to quenching and tenpering. Fifth Exanple The
base netal is manufactured by the sane production nethod as that in the
third and the fourth exanples, with the D conbi ned carbon content of the
sintered conpact set at 0.6 mass % This sintered conpact is subjected to
ni ckel electroplating, heated under a gas atnosphere having a carbon
potential of 0.6%at 850C for 2 hours, and then subjected to quenching and
tenperi nflable & manner sinmilar to that of the third and the fourth exanpl es.
Cross-sectional hardnesses of the respective sanples in the first to the
fifth ex@RIDES-SECTIOMNALAEARDNESSOF B AT-TREAJEP § AMPISE SECTI ONAL
HARDNESS OF HEAT- TREATED SAMPLE (MHV) DI STANCE FROM SURFACE(mm o.1 0.3 0.5
1 FI RST(MH\WE’LE 770 765 730 675 SECOND EXAMPLE 765 725 700 655 THIRD

e 00 D18 TANGE RIS DI & I ca0h ol 108 £ Lot anlt Le Jecond -
exanpl eqFIRSE ENANBPLE ayer portlon pf 170e pasmsnef al73bas| a 636r uct ure
B 1573 R i kbl 5
sanpl es Mtwgﬁectropl ating, |t f80sahp| 498 SJbl@e{’ed 660

FOURTH EXAMPLE 600 620 640 | 665

FIFTH EXAMPLE 740 725 700 670

- According to Table 1, in each of the first and the second
= ex'aniples, the surface layer portion of the base metal has a structure
including martensite. This is because nickel is diffused into the
base metal and the nickel plated layer is carburized. As compared
with the samples subjected to electroplating, the samples subjected
to electroless nickel plating are slightly low in hardness in both the
surface layer portion and the deep portion. This is because the
phosphorus contained in the electroless nickel plated layer inhibits
carburizing of the nickel plated layer. In the third and the fourth
examples, in contrast, hardnesses of the surface layer portions of
D the basqe metals are low. This is because the carbon potential of
the gas atmosphere for the heat treatment is low and the carbon
content of the base metal accordingly reduced during heating.

o Further, as compared with the sample subjected to nickel
electroplating (the third example), the sample subjected to
electroless nickel plating (the fourth example) is slightly higher in
hardness. This is because phosphorus contained in the electroless

nickel plated layer inhibits movement of carbon contained in the

base metal. In the fifth example, the surface layer portion of the
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to- el ectroless nickel plating are slightly lowin hardness in both the
surface | ayer portion and the deep portion. This is because the phosphorus
- contained in the electroless nickel plated layer inhibits carburizing of
the nickel plated layer. In the third and the fourth exanples, in contrast,
har dnesses of the surface l|ayer portions of the base netals are |low. This

I s because the carbon potential of the gas atnosphere for the heat
treatnment is |ow and the carbon content of the base netal accordingly
reduced during heating. Further, as conpared with the sanple subjected to
ni ckel piecmepldtdsngtricherd hehdxgaiAtensive. salihieisbeicaased to

el ectrol ess nickel plating (the fourth exanple) is slightly higher in

har dnessnickalssi difhesadisetphhe Baseumatabtamidnte basehaeehleatadd efs ni ckel

pl ated | ayer inhibits novenent of carbon contained in the base netal. In
the fiftitoaxhaptd sinteresuakloychaspchiglbcarbanafontemt22 base netal has
structure including martensite. This is because nickel is diffused into the
base metal andighel Gepacteaaiesmitdef dinearyranalyedngianceoss saction 6fs a hi gh
carbon content. Fig. 1 depicts a result of |linearly analyzing a cross
section heat-treaied: sampée 184he Brsh expmpler ¢hechaspmatamel base nateri al

havi ng the carbon coptent of 0. 29 e electroplating, the heat treatnent
under t hRAGEE Qﬁ@r@@ﬁgéﬂec%ﬁﬁmw{beﬁ%ﬂr@@netﬁﬁtmfaimﬁf thebest using the

EPMA. In th raph of Fig. 1, the vertical .axi I ndi cates a_ .concentration
(nunber GrATBERE IO 875 HIRASPLCES BAUIRE ARG SHOTOPOIBRIAN G <

I ndi cat ¢ ept.h fro surface. As ca e seen fromFig. 1, nickel and
iron ar eﬁTﬁqK“S&fsllg}gJ&'@anmA antt ﬁ‘r?egﬁ?Eﬁéﬁ F%&refn g‘ﬁ% ‘@q{@cr"i’iqcﬂ?‘ép- car bon

fused | A¥Gfefh % dMfdhtration (number of detected counts) of each =~ '

element and the horizontal axis indicates a depth from the surface.

As can be seen from Fig. 1, nickel and iron are mutually diffused,
and the nickel layer and the nic;éi-carbon diffused layer are lr)orrth
carburized. Fig. 2 depicts a result of linearly analyzing a cross
section of the heat-treated sample in the third example (the base
material having the carbon content of 0.6%, the electroplating, the
heat treatment under the gas atmosphere having the carbon
potential of 0.1%) using the EPMA. As can be seen from Fig. 2,
the diffusion of nickel into the base metal is slightly lower, and the
carbon contained in the base metal is diffused into the nickel layer.
In addition, the carbon concentration on the surface of the nickel
layer is low. These facts indicate that if the base metal is heated
under the carburiziﬁé gas atmosphere during quenching as in the
first example, the mutual diffusion of nickel and iron is promoted.
As for the heat-treated sample in the second example (the
base material having the carbon content of 0.2%, the electroless
plating, the heat treatment under the gas atmosphere having the

carbon potential of 0.8%), although not shown in the figures, iron,
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carburized. Fig. 2 depicts a result of linearly analyzing a cross section

- of the heat-treated sanple in the third exanple (the base material having
the carbon content of 0.6% the electroplating, the heat treatnent under

t he gas atnosphere having the carbon potential of 0.1% using the EPVA. As
can be seen fromFig. 2, the diffusion of nickel into the base netal is
slightly lower, and the carbon contained in the base netal is diffused into
the nickel layer. 1In addition, the carbon concentration on the surface’ of

the ni ckeckel aged darbomnhaVbethe $amespandinats thvale shiowmeibdig. etal is
heated under the carburizing gas atnosphere during quenching as in the
first exbmplheatttreatad samplief fusheseobnd exampdeddiffers fomrthastiad. As for
the heat-treated sample in the second exanple (the base material having the
car bon d¢betBnst etamplesint thatethec cath en condeatrationt iseshehtlyt fevat ment under

t he gas atnosphere having the carbon potential of 0.8%, although not shown
in the favguy &8 the sorfacs paréian, anddheparburnaneg depthdsslpghtlsr ns as t hose
shown in Fig. 1. The heat-treated sanple in the second, exanple differs from
t hat insm&ﬁef-irélihléxlénlp%amsﬁ phasphigs us anbd hitsopedningingefithes) i ght 1y | ow
even in t.h@ Eirface ortion, and the carb riz'hn% ﬂepth Is slightly smaller.
This i s HEK&LIRYBhospRIAGSS GGG XRMBIG 1S, PRGSBROTHE CONGAMTallgfer. In the

i i 1 ar 15 106 ghabs SRERCEHIHRT RTBIRTIY e it sacks! CRBCHAIANOBat ter .  and
o s, Bl R ) AR o R A bl D
‘—’jf fusedy ghicRonflat e HEmOin ¥ add MR PREL SR pROHI S dtiEEGCE: AS Tor the

from the highest point in a depth direction, and 1s diffused at a

distance of about 10 micrometers from the surface. As for the

heat-treated sain‘p‘1e in the fourth example (the base matefi;‘having

a carbon content of 0.6%, the electroplating, the heat treatment

under the gas atmosphere having the carbon potential of 0.1%),

although not shown in the figures, iron, nickel, and carbon have

similar patterns to those shown in Fig. 2. The heat-treated sample

in the fifth example differs from that in the first example in that the

surface, of the nickel layer and the base metal are substantially
) equal in carbon concentration. This is because the nickel layer is

carburized using the carbon contained in the gas atmosphere for the

heat treatment and that contained in the base metal. The diffusion

of nickel into the base metal is slightly low.

Figs. 3A and 3B are photographs of the outsides of samples
after salt spray tests were conducted thereon for 96 hours. Fig. 3A
is a photograph of the outside of the sample in the first embodiment,

and Fig. 3B is a photograph of the outside of the sample which is

subjected to nickel electroplating but which is not subjected to the
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heat-treated sanple in the fourth exanple (the base material having a

* carbon content of 0.6% the electroplating, the heat treatnment under the
gas at nosphere having the carbon potential of 0.1%, although not shown in
the figures, iron, nickel, and carbon have simlar patterns to those shown
in Fig. 2. The heat-treated sanple in the fifth exanple differs fromthat
in the first exanple in that the surface, of the nickel |ayer and the base
metal are substantially equal in carbon concentration. This is because the
ni ckel |madrtreatmeatburAszdoruhiengamipde dar thenfiretieaiameple ,nd¢fextgad at mosphere
for the heat treatment and that contained in the base netal. The diffusion
of ni ckehei ntakalHaysasarentembvied wihilghthe tiolel Bayer isaintaredBbyr e

phot ographs .of the outsides of sanples after salt spray tests were

conduct dteatheg eail £arbes zingns. tlrangeaszt\reatm@nbhoilngacaijmm, thee outsi de of
the sanple_ in the first e and Fig. 3B is a photograph of the
out si de TickehPlatedilayonis eﬁj@VeéLbPélﬁ strangati bxdheeddéusih &fi ng but whi ch

'eiaﬂgfesnu@ksi%bf%&?ﬁﬁsﬁfé‘ﬁ ei37aP |G 8L bjeASADED TRETECKR ni ckel | ayer i s
d b d dd h
o gLS{e iéyfpn‘?a%é:ggbil?@a‘i ufg'ﬁégﬁé&ergﬁagfa%kfn?ﬁﬁ e B o '“B."lef )
sub ect dorfied b ke BTN e%ﬁf&mﬁa&o%e?éﬁa%ath ff éﬁé_&%f}éh??g i 326”‘“
el ude MARKS A8 shofk (el on BBl (R ifiinds Bk PRfabSele T or i he
2! €5 ATHRIPRGIUhaiLf ib¥hd HdlheR3WPkiothd Ve RS TR & s88Bh |

tities
to the fifth examples, rust formed in small quantities, similarly to

the sample in the first example Therefore, no difference is

-—dlmscerned between the first example and th; other examples. This
is because the nickel is diffused into the base metal, the nickel
plated layer is reliably coupled with the base metal, and the defects
of the nickel plated layer such as fine cracks or pin holes are
removed by the heating despite the gas atmosphere for the heat
treatment,
Heat-treated sample if wrought material is used as base metal

i Sixth to Eighth Examples
The based metal, which is made of structural carbon steel

having a carbon content of 0.25 mass % and which is cut, is
subjected to electroless nickel plating, heated under the carburizing
gas atmosphere at 880°C for 90 minutes, quickly cooled, and then
subjected to tempering at 180°C for one hour. Three types of
electroless nickel plating are performed, i.e., the phosphorus

content of the nickel plated layer is low by mass percentage (a sixth

example), intermediate (a seventh example), and high (an eighth
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the sanple in the first exanple. Therefore, no difference is discerned

" between the first exanple and the other exanples. This is because the
nickel is diffused into the base netal, the nickel plated layer is reliably
coupled with the base netal, and the defects of the nickel plated |ayer
such as fine cracks or pin holes are renoved by the heating despite the gas
at nosphere for the heat treatnment. Heat-treated sanple if wought naterial
is used as base netal Sixth to Eighth Exanples The based netal, which is
made of examplapal Adhbeknesseolf theaviokslpleseddayconnesacloofdhes mass % and
which is puh, IS subjected to el ectrol ess nickel plating, heated under the
car bur i zsiKgh tgatheerghiihexamplesgiscetoat JonierRmetersqui ckly cool ed, and then

N T
D BN g O o TS DA RSy (2 1o Dy iamle), gt errediate (o
P2 | BRI B9 s ks R At Y B GBS i

e I 1 Bk AL AR AR Bl T 2
and 10 THELRESSER okBrtbf GO IO srt e hucl G R g (e

such t hafs 101§, 0450500 d198nal sfucthpd 0Sa Y il A0ef! FEATEH Yt 1 Om the

surface has a marten
5 distance of about 30 micrometers from the surface has a martensite

structure, and is such that the central portion has a fine pearlite

structure transformed by the heat treatment. By diffusing nickel

into the iron matrix of the base metal, the hardenability of the
nickel diffused region is improved. Further, in the eighth example
in which the phosphorus content of the sample is high, the
martensite structure is hardly recognized but the sample has a
mixed structure of fine pearlite and ferrite. This is because the
diffusion of nickel is low and carburizing is slight.

Cross-sectional hardnesses of the respective heat-treated samples in

) the sixth to the eighth examples are illustrated in Table 2 below.
Table 2 "
CROSS-SECTIONAL HARDNESS OF HEAT-TREATED SAMPLE
(MHYV) o o
DEPTH FROM SURFACE(mm)| 0.05 0.1 0.3 05 1
SIXTH EXAMPLE 613 605 585 578 555
SEVENTH EXAMPLE 550 528 500 483 420
EIGHTH EXAMPLE 420 408 400 396 385

According to Table 2, the cross-sectional hardness of the
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structure, and is such that the central portion has a fine pearlite

. structure transforned by the heat treatnent. By diffusing nickel into the
iron matrix of the base netal, the hardenability of the nickel diffused
region is inproved. Further, in the eighth exanple in which the phosphorus
content of the sanple is high, the martensite structure is hardly

recogni zed but the sanple has a m xed structure of fine pearlite and
ferrite. This is because the "diffusion of nickel is |low and carburizing is

slight. Saapiedactheosidthhexamededeaving tige loapphoispaorastednteatdd sanples in
the sixth to the eighth exanples are illustrated in Table 2 below Table 2
CROSS- SHaigtONsd HARDNESS eCFa iripAg - iREDET EfR IVER Bmi Ie-iva videP Thie FREH
SURFACE(nm 0.05 0.1 0.3 0.5 1 SIXTH EXAMPLE 613 605 585 578 555 SEVENTH
EXAVPLE pBOsphers9eossant 20 1ow. GHOorEXSIVRL Ecdiztanoss odothrosesgestiveor ding to
Table 2, the _cross-sectional hardness of the 26 sanple. in the sixth

exanpl e $amiphgs indhiecsixghdopthe asghidnesamples aftgn tharsalt sprayfteshe sanpl e
in the eighth exanpl e having the, high _phosphorus content is_|ow Corrosion
r esi st andlés abrhigle 1n s panneresimdag tosthat @ﬁéh%iwmpleom keedigfitt h exanpl es
after the salt1 Spray test. agghall high in a manner simlar to that of the
sanpl e | PXERP LIE MWD RaFPE e Shown in Fig. 3A. As can be seen, in the sixth

Dt mg P " S5 BRungeh, in” BT sttt e BiEHRh Uuampl€s the "¢ " ok
sample (sixth example) in which the nickel plated layer has the low

E @ - -phosphorus content has'a large nickel diffusion depth and a large
carburizing depth, and the sample is converted into a compact
having a relatively large thickness. Therefore, a compact having
the low ﬁh;;i)horus content is suitable péfticularly for_;l quenched
part. The sample (the eighth example) in which the nickel plated
layer has the high phosphorus content does not exhibit an improved
hardenability. However, the thickness of the nickel diffused layer
1s 10 micrometers, and carburizing is conducted on the nickel
plated layer and even on the nickel diffused layer. Therefore, the
base metal can be reliably coupled with the nickel layer, the sample

) is excellent in corrosion resistance, and the nickel plated layer
exhibits a relatively hard property.

Furthermore, the phosphorus contained in the nickel plated
layer inhibits the carburizing of the nickel plated layer and the

diffusing of nickel. Due to this, the phosphorus content of the
electroless nickel plated layer can be used as one means of
controlling the carburizing quantity and the nickel diffusion. It is
noted, however, that if this means is used, 1t is necessary to

appropriately select the phosphorus content of the nickel plated
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phosphorus content has a | arge nickel diffusion depth and a | arge

- carburizing depth, and the sanple is converted into a conpact having a
relatively |arge thickness. Therefore, a conpact having the |ow phosphorus
content is suitable particularly for a quenched part. The sanple (the

ei ghth exanple) in which the nickel plated 1|ayer has the high phosphorus
content does not exhibit an inproved hardenability. However, the thickness
of the nickel diffused layer is 10 microneters, and carburizing is

conduct eldyar imhH ghit ckfethe pparepriagerroasdsestéonah stthetarekdie di f fused | ayer.
Therefore, the Dbase netal can be reliably coupled wth the nickel |ayer,

t he sanpappmpriatcedseisectiomadrhaximess; exid the apprapdiateentdkeddel pl at ed

| ayer exhibits a relatively-hard property. Furthernore, the phosphorus.
cont ai nediffusedstateckel plated |ayer inhibits the carburizing of the nickel
"plated layer and the diffusing of nickel. Due to this, the phosphorus
content of theAsdaicbedrrdersipokefromndhedraspestivasxpamplasd 18s2 one nmeans of

controlling,the carpurizing quantity and the njckel diffusipn. It is noted,
however , PEGCE whighd s mnpaabjgé@?ﬁmtmg b@ésrmeta} Tf@gi&@ﬁrtbﬁtel y
sel ect the pBosg&orus cont ent, Rf t he .ni ckel, pl at ed ﬁ?ﬁhaéer in light of the
appr opr i KPB-RRS<d mataniahte ndekelplating, and then dprthe: Begt beatmedtt onal

har dness nd t he appropriate nickel diffused state,, As. be under st ood
fr om ¢ neunden che s R RipBere Moz aitian DiteHAL cthih hifBEL by 'sub) ecting
t he base al de of t ron-ba material . t.0 nick plating, and then
to the redtftpeliREte nidfeh 14 R TrRoM EPutaRet G Bhe B pocent al . the
i PjCkel matrix are mutually diffused into the base metal and the nickel |

t
%7

layer, respectively, the mechanical strength of the product is high,

and the nickel layer and the base metal are coupled with each other

T

with a high adhesivenesé, "thereby ma?c—i;lg it difficult to peel off the
nickel layer from the base metal. Further, by carrying out the heat
treatment, the nickel layer is carburized using the carbon contained
in the gas atmosphere for the heat treatment or that contained in the
base metal, transformed into a Ni-C alloy, that is, a soft phase
slightly harder than nickel, and the defects of the plated layer are
removed. If quenching is performed, the Fe-Ni-C alloy portion

» tends to have the martensite structure and the Ni-C alloy is
hardened. If the base metal having a low carbon content or
containing no carbon is used, an iron-based part having a hard
surface layer portion and a soft central portion can be manufactured.
Furthermore, if shot peening or barrel finishing is performed on the
heat-treated compact, a part having a glossy surface can be

manufactured.
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gontai ned in the nickel layer and the iron contained in the iron matrix-are
mutual ly diffused-into the base netal and the nickel |ayer, respectively,

t he nechani cal strength of the product is high, and the nickel |ayer and
the base netal are coupled with each other w th a high adhesi veness,

t her eby naking it difficult to peel off the nickel layer fromthe base

net al . gbﬁ b& ing out the heat treatnent, the nickel layer is
carburize § #b qg; bon contained in the gas atnosphere for the heat
treatnment or that contained in the base netal, transfornmed into a Ni-C
alloy, that is, a soft phase slightly harder than nickel, and the defects

o1 1 oy por g on k% a@a AR i oG AR e D SHOR o tiel oy is
Carbon 1 o tanlTRcEy T 1l n?lﬁi%%ﬁéﬁgfacom Hhgd | aver portion and
o barrel 1i L?'éhgﬁéft "Pgn‘ﬁg %?ﬂﬁ%ﬁeﬁjaycf thaf S 6%%19%5&? & hav ng
?rglnoz?s/eiu% aH§§| %t%mg@\gﬁg ﬁé’tfbgél%gﬂgé% Sbfl ?Ir gﬁdbgedl af\lnoy

manuf actured b u5| er mat eri a onpr i g ce covered, with
a ni ckel |ayer egdﬁtfﬁ?ﬁ?éie q;oﬁnowhécch & B@@ql ‘é@@ien'[fﬂét O¥gvResi HE aar bon
and phos S i cke used mhlc ni ckel cante
Moner e | A2 *'hdh iy toufhesd o1 tal Hede R HHe Rl oftoRDasedhn or
i ron-based aIon and
alloy; and
carbon contained in at least a surface layer of the nickel diffused

layer.

2. The iron-based part according to claim 1, wherein the nickel

diffused layer has a quenched metal structure including martensite.

3.  The iron-based part according to claim 1 or 2, wherein the iron-
based part is a mechanical element or a mechanism element required to

have an abrasion resistance or a corrosion resistance.

4,  The iron-based part according to one of claims 1 to 3, wherein the

sintered material is Fe-Cu based alloy or Fe-Cu-C based alloy.

5. A production method for an iron-based part, the method comprising
the steps of:
covering a surface of a base metal made of iron or iron-based alloy

manufactured by using a sintered material with a nickel layer; and
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carbon contained in at |east a surface |ayer of the nickel diffused |ayer.
2. The iron-based part according to claim1l, wherein the nickel diffused

| ayer has a quenched netal structure including martensite. 3. The iron-based
part according to claiml1l or 2, wherein the iron- based part is a nechani cal
el ement or a nmechanismelenent required to have an abrasion resistance or a

5 wher i n' t e RN, s, YHRE. PR 10° B EiSbnREGRioR) emolBieie i b T '
he- 4t eps INPCARE) ORsLRal diagkinl {0eP A3 AFhbephgte FERATNEARR 0 00

et ng t BA-ngatlfEgh PR EodbRhRBOnTEICH! Roshiuhifind BiS0 AR 2o von
caui |1 bri (s AERETIAREF o JHECsEe BTk, Hack hihLeatl sPBntain 1 e
the base SaLGM iﬁ%fwﬁﬁgﬁﬁfa@@8@@?3}%@2@(#‘2@@&6@%&2 o7 oduct i on Mot o

for an iron-based part according to claim5, wherein after the base netal
Is heated to the austenite region tenperature, quenching and tenpering are

5" or 6, fher enmoBLRREQR R RBbly S it-baSea PR efEiBE TR dtaftR 3.0 <1 T

erper ot U RS s A o BRI Bk e
t enper at “h?leh%ﬁ?ﬁg %ﬁﬁ'}ehﬂ‘?eﬁhé%‘retp%??&ﬁﬁé&r e, and the quenching is

7.  The production method for an iron-base part according to claim 5
or 6, wherein heating of the base metal to the austenite region
temperature is performed first in a first temperature for promoting
carburizing and nickel diffusion, and is then performed in a second
temperature lower than the first temperature, and the quenching is

performed.

8.  The production method for an iron-based part according to one of
claims 5 to 7, wherein the nickel layer is a nickel layer formed by nickel
clectroplating, or a nickel layer containing phosphorus formed by

electroless nickel plating.
9.  The production method for an iron-based part according to one of

claims 5 to 8, wherein the sintered material is Fe-Cu based alloy or Fe-
Cu-C based alloy.
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performed. 8. The production nethod for an iron-based part according to one
of clains 5to 7, wherein the nickel layer is a nickel |ayer forned by

ni ckel electroplating, or a nickel |ayer containing phosphorus formed by
el ectrol ess nickel plating. 9. The production nethod for an iron-based part
accordi ng to one of clains 5 to 8, wherein the sintered material is Fe-Cu

based II d | oy, d havi b
motal mmddor ABArgbisE i Bevite A fase methL e S2Ton reB AL i ha
i ckel b d h h kel diff d | :
Phcmﬁlch éfhﬂ}giﬁﬁﬁﬁﬁﬁglnslga{oagrgg |npaosgegiﬁsd|?egifoﬁ fgrngzeon gyggse

t al de of th ' - |4 d tained i t
Teact a surface FubERe POVHATMRERE nRRLiay Aoy B SRR AMBh B par
accordi ng &@ ﬁb%lﬁ]lO wherein the nickel diffused [ayer has a quenched
metal str &S F“%Iudlng martensite. 12. The iron-based part according to

mechani sm el err@nﬁ?q?@m@asqdoié’fégvé i aisipbﬂcéleg%{"efaﬁeé%e'e M & on
1

wherei n et difeGiehaRatied R A bafEraF Gl THalB i Bidirdn By Ranchdei on

nmet hod fo%f%§ﬂdﬁﬁq based part, the nethod conprising the steps of:

carbon contained in at least a surface layer of the nickel diffused

layer.

11.  The iron-based part according to claim 10, wherein the nickel

diffused layer has a quenched metal structure including martensite.

12.  The iron-based part according to claim 10 or 11, wherein the iron-
based part is a mechanical element or a mechanism element required to

have an abrasion resistance or a corrosion resistance.

13. The iron-based part according to one of claims 10 to 12, wherein

the iron-based alloy is structural carbon steel.

14. A production method for an iron-based part, the method comprising
the steps of:

covering a surface of a base metal made of iron or iron-based alloy
with a nickel layer that contains phosphorus by electroless nickel plating;
and

heating the base metal to an austenite region temperature in an

iron-carbon constitutional diagram under a gas atmosphere of carburizing
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covering a surface of a base netal made of iron or iron-based alloy wth a
ni ckel |ayer that contains phosphorus by el ectrol ess nickel plating; and
heating the base nmetal to an austenite region tenperature in an iron-carbon
constitutional diagramunder a gas atnosphere of carburizing 31 gas,

equi | i brium carbon concentration gas or decarburizing gas, to forma nickel
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quenching.a ring are perforned. 16. The production nethod for an
EB RV O

i ron- based® claim 14 or 15, wherein heating of the base
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production nethod for an iron-based part according to claim

15.  The production method for an iron-based part according to claim

14, wherein after the base metal is heated to the austenite region

temperature, quenching and tempering are performed.

16. The production method for an iron-based part according to claim
14 or 15, wherein heating of the base metal to the austenite region
temperature is performed first in a first temperature for promoting
carburizing and nickel diffusion, and is then performed in a second
temperature lower than the first temperature, and the quenching is

performed.

17. The production method for an iron-based part according to one of
claims 14 to 16, wherein the iron or iron-based alloy is manufactured by

using a sintered material or a wrought material.

18. The production method for an iron-based part according to claim
17, wherein the sintered material is Fe-Cu based alloy or Fe-Cu-C based

alloy.
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17, . wherein the sintered material is Fe-Cu based alloy or Fe-Cu-C based
alloy. 32 19. The production nethod for an iron-based part according to
claim 17, wherein the wought material is structural carbon steel. 33

19.  The production method for an iron-based part according to claim

17, wherein the wrought material is structural carbon steel.
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