DESCRI PTI ON | RON- BASED PART AND | RON- BASED PART PRCODUCTI ON METHOD Techni cal
Field The present invention relates to an iron-based parf i fod 6k (2
i ron-based alloy. The part is used as a nechanical el ement r a mechani sm
part of various types. The present invention also relates to a

manuf acturing nethod for the iron-based part. Mire 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 part, but also a hardness of the iron-based
part near its surface. BackgroDIESE@RIPIHdhani cal el ement such as a gear,
a cam or alink arm nade of iron or iron-based alloy or a nechanism

el enent such as a canera, office equipnment, transport equi pnent, or a water
treatment device can be manufactured by selecting a conposition from anpng
various conpositions rangi ng FxOMN-B PARHR near to pure iron to a

2 materi ol maach SO RPBA SRR ARIE Pt (UG PIONMEd A o i T The

mechani cal el enment or the mechanism el enent can al so be manuf actured by
formng and sintering a mxture of netal powders or other additive powders
(herei naft&ihnicabiFitpi ed material ™). If the nechanical element is

manuf actured using a wought | material, the nmechanical elenment is forned

into a desire §iaperOent invention relates to an iron-based part made of
iron or iron-based alloy. The part is used as a mechanical element
or a mechanism part of various types. The present invention also
relates to a manufacturing method for the iron-based part. More
specifically, the present invention relates to a surface modification
technique for appropriately adjusting not only 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
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 neans of form ng such as plastic form ng, shearing, or
machi ning. 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 mechani 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 the nmechanical elenent is required
to have corrosion resistance or the like and is to be manufactured using
each for maatemahetheohechamcabsilementsissfoamied nnte adesireldhmpesbyh as a
stainless steel is used, or a surface of a material having a relatively |ow
cor r osi oran asbydran: meamhofifosming smeh asaplasticferning, shearimg,vén h ni ckel .
Vari ous proposal s have been conventionally pade for techniques for
manuf act UpRRBIRINg:chdhthemerhanial elgmenrtis manefactuxediusdng e r osi on
resistance or the like. by plating an alloy ,h surface wt i ckel . For
exanpl e, Singred. 3l BkAs bt anateziak i formag k@eﬁinequ&tepﬁéﬁuah%e d0bj ect i ng
all oy steel to | ectrol ess ni ckel at.ing, subj.ectin | ated nmenber to a
neat” & SRWERT TRrT NS b is  of ToBUED mabiAh 13 N3k m phosphor us
contained_in the nickel plated | r.into nickel. tri-phosphide (N 3P) and
Lo ke amppERSeleCH plEdhaienl ¥iemsiitn alopisatl af SRAES6SIEE Do, “and
provi di ng, g . ni .ed surface
(see Japanelditulialifl BRrfbE, BB ko dngs siflasthBics 200’5
There is 3l /38 MeWPEES fing to properties required of the mechanical

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 (Ni3P)

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



manuf acturing technique for obtaining a steel plate which is excellent in
corrosion resistance by subjecting a steel plate to nickel plating and to a
heat treatnment at a tenperature of 600 to 850'C 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 osed therein are excellent in corrosion resistance and perfornmance.
However, mansfactwingt techinmgne, foruchtaning ta stealgiaté ovhiolsis i ng a snoot h
change in hardness fromthe alloy steel to the nickel plated |ayer, in

rel ati on execliemt thaogeosiomeesistancd bynsubje ofing adstegl fplate towar d a deep
portion of the plated nmenber is perforned. Due to this, the nickel plated
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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 in
hardness from the alloy steel to the nickel plated layer, 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
*nvention, 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 alloy, and at |east a surface |ayer of the nickel diffused |ayer
contains the carbon. In the iron-based part according to the present

i nvent i oran antesuorf efa platedomesnber.on- based all oy (hereinafter, "base
metal") is covered with a nickel layer. Therefore, the iron-based part can
real i ze the prdpecaidingrtyoneeaaspeactidfthe praseptsndésubosdliens ishe two

Pat ent Docunents, i.e., .the excell|ent sliding performance and the excellent
cor r osi orprioaddedaan éron-basegepartoin sdhichea smgface oda bagegnepalr ties, a

ni ckel diffused.|ayer, a q;cﬁgi ontent of I ch, dece eg I n ﬁldepth

di rect i odnagleigleinoiser igentbased aboyets cavered prh awdgkeblayekthat on- based
part according to the present.inyenti and, the nickel layer and the base
ot a1 ar SqsAMY SEbERLH Benekebyanet That BRRAS PatbThand o e, “possibl 6 Lo
prevent the nickel |ayer, fir bein eelgd _off fromthe pase netal.
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nickel diffused layer contains the carbon.

In the iron-based part according to the present invention, a
surface of iron or iron-based alloy (hereinafter, “base metal”) is
covered with a nickel layer. Therefore, the iron-based part can
realize the properties required in the techniques disclosed by the
two Patent Documents, i.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
direction 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
is, 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



because of the presence of the nickel layer. In such an iron-based part, the
mi ckel diffused |l 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 elenment or a nmechanismelenent required to have the abrasion
resi stance or the corrosion resistance. The iron-based part can be
manuf actured wusing the base netal nade of a wought material or the base
metal nade of a sintered material. The inventors of the present invention
found t hbdoalusevo hthe ipresenee iadrthelpickel(Byefror a production method for the
iron-based part according to the present invention. 1) | f the base net al
plated with ni dRefuchannaga-based partotheasekehdifnse ﬁ(a(@irrﬁgllh AY® car bon
content is heat ﬁd under. a carburi Zlq_gf gas at m)sphercra{al agn carbon is m xed
into the hugBrhedapetabnustureinphudingnmartensde. add 2 lthandness of the
ni ckel la er s |n reas The carbon pass t he. n| | ayer and
Cnters t RHe e SUTTACE Solia DaFe MREtAlARponveied Wit dhedviokel 138E et al 1 s
hi ghest the S e of -t he a and dual I,y decreases toward
the s nt ethgritgn b Bankis PFsferably adifitd Ho mEERAREALFRECRERE, anc
made of th | t under a gas
ot mos pherdoesifatsHf EetngRt FsuBind R0 e ﬂ%%ék??ﬁ%qﬂﬁ%léﬁ&i%% of the
base net ont I nto the
ni ckel Igggrééﬁgsgﬁﬁ%ﬁﬁ??bn reafoel:lj,rb an P?gpc%gr néﬁsq;‘nufﬂdfﬁfieérl“ ckel
layer i s.difif@heeFase metal made of a wrought material or the base metal

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-based

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 material 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 nmade 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 content gradually decreases fromthe nickel |ayer toward a deep
portion déniperabase umeeal theTb@rblimnzimg gasoditmosphete prahictesf or mati on of a
state in which the nickel layer is netallurgically strongly coupled with

t he surf aweburizing fdhe temperatupeeist bighsdrs, E/the ghsqptemesphere i astic
formng, barrel finishing, or the like is conducted on the iron-based part,
the ni ck&lonsigat, the earbunzmgamennt com becanicellgdiby thpiheatangt ne ni ckel

| ayer are reduced or renoyved,. thys providing a satisfactory layer. It is
not ed thé?@ﬂfé%?%apddﬁ*efEgagﬁgoauﬁ@?@l and iron is pronoted if the gas
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layer toward a deep portion of the base metal. The diffusion of

nickel enables formation of a state in which the nickel layer is

metallurgically strongly coupled with the surface of the base metal.

Due to this, even if quenching, plastic forming, 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. It is

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
provi ded a production nethod for an iron-based part having the steps of:
covering a surface of a base netal 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
netal made of the iron-based alloy containing the carbon, a gas atnosphere
havi ng aheasteps phteorweérdhg @ sagfade bfiaibase thetdlemaaebofi inmmtoant of t he

i ron-based al |l oy, and a gas atnosphere having a carbon potential |ower than
t he carbdronebasgd abloy Heatbaentammsatarbomd vashla nickelelayexrsheating. The
production nethod for the iron-based sintered part .according to the present
i nvent i orthgabasemetad toxar aushen ¥Eirgigign {6&8nPpOFaiNe d Nadill 1IEXR=IATHON cor r osi on
resi stance of, the iron-base art by the above-descri bed net hod. Based on

thi s net idandapd enstitugipnalsdiagram under; a CREPHIZUNGr 23S BERASPNETE, prevent
excel | entioF| i B a7 aH TaALE S s P hdied Eaiatapsabesh
oot A B bal AR N R | HACTP B ST R 1 ccon
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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 1s 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 production method for an iron-based part having

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

di agram and quenching and tenpering the base netal. By carrying out the
guenchi ng 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
perfornmed, it is preferable that heating of the base netal to the austenite

regi on tenper a;uroarbﬁir%ebmrtheowém@himg aadf iempet@npeheat base ne¢tadr onot i ng
carburizing and nickel diffusion, and then be perfornmed at a second

t enper at wan bevieardemed atéhé ipast coargpedawittethamdckak layendhieng i s
perfornmed. That is, the carburizing is pronpted at the tenperature (the
first tergieueturesyndingdehamicad puapert@scof the part £an be stabdinedi on point of
the iron-based material, and then the quenching is performed whjle the

t enper at Uhe tonghnersaphélie part wan bergstenad, and Fes rﬁirﬁé‘hﬂér{h@ur e)

hi gher by about 500C than the A3 transformation point, whereby the part

whi ch haPartcang p\;@|d>1,lce arge carburizing quantity and to which residual
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plated | ayel. [ ZBhAYhddng of the base metal to the austenite region
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 temperature
(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
electroplating 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 mass % or
ess, *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 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
phosphate contained in a plating solution. If the nickel plated |ayer is
heat ed, aneucastd so as tagedueedthencakmirizmg ghanditiydef ¢hie3Ppni ar pr eci pi t at ed
from an ,annrghous structure, thereby hardening the plated | ayer. Therefore,

i f the pHsephbased ableyent The phgsphorussanicahefsthst nigkel platkdl | ayer can
XD - pger Hormah Byl sHetao | axsnb kAl Platinh s an be DS Baskd i nhi bi ¢
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haj uer moriagid SelGf,, 0¥ s BROALBIyRERBRR ER R 2. A0 e 55 ust i ng

at moopherarasrnat ARtk f et hosBRidd ENTAPRS phet Al oh i E® o ol e
of the ”eﬂﬂﬁ?@ﬁSﬂs &tﬁ@eﬁreo@he}éﬁmﬁapﬁﬁg%gﬁemgsg 145der the gas

at nosphere having the carbon potentia r he-car bon content of the

ngguﬁ;ﬁ%eré()@'fﬁgpﬁ?{ el %%?“?i T erﬁ%?%ﬁ?ﬁﬁ%@eﬁﬁ?% o.sgihf)rus
nickel layer can be increased. It is noted that Ni3P can be
examined by X-ray diffractometry (“XRD”).

Further, the phosphorus contained in the nickel layer can
inhibit carburizing by causing the appearance 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 is 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 - treat ed 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. According to the present invention, the nickel plated |ayer is
formed on the surface of the base netal, the base netal is heated to the
austenite region tenperature to cause nmigration of the carbon contained in
the gas atnosphere or that contained in the base netal between the base
met al and the nAckerdimgyéo therpreskeat hayventeim| thesnickeldpkted layerad or
quenched. It is thereby possible to cover the surface of the base netal
with the foroned dmihe suntace ofittherbasaamesal, thevbase metani heatadte t he

ni ckel layer with the iron-based base netal. Hence, :ﬁr}ﬁ presegt i nvention
is prom sti)‘WgailﬁetmEﬁ regIpACMPEIRf Wee O CaMIsSINEaTatepn thecagbaBchani sm

el enent capabl.e qf. | ying the .corrosipn resistance tp the surface of a
base et dfONAREdBA g5 ERIIHIEATS AE BAL EORTHICH D (HBDRIE MAAT ¢ hat does
not cont@ai,n carbpon,or iron-bpas al l oy, that contaj pns_earbon, .10 the
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metal. Hence, the present invention is promising in that it can
provide a mechanical element or a mechanism element capable of
applying the corrosion resistance to the surface of a base 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 1s 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
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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 photograph of an outside of a sanple which is subjected only to the
ni ckel plating, after salt spray tests. Best Mde for Carrying out the

I nventi on An enbodi nent of the present invention will be described

herei nafter. (1jig8aseAMrtchB Bvade re§peéctanedy a photdgsssh Afl ary odtsmldbase net al
made of iron or iron-based alloy which is to be plated, both a w ought
materi al @hd samphe endhenfirstrexdmple, andad Ipditegrapht o anroutghde raft eri al |

| ow carbon steel or .an allqy of various types having a | gw carbon content

such as st sampleawhighrisshbiested enlynte themickebplatdngradter salde of the

wrought material is fornmed by an ordinary nmethod such as plastic formng,
bl anki ng, SRRNI&StAg, or grinding, and a post treatment such as barrel
finishing or shot peening can be conducted on the base netal if it is
necessary to do so. As the sintered material, pure iron containing no

addi ti ve Bekeltots fozl Caysyingcubth&dnPentidpy and Fe-Cu-C al l oy, and
sintered all oy containing such elenents as Ni, Cr, M and V for use when a

hi gh mechani cal At &mbFdinént’ 6£¢hé §itedbht MALhAREWIN be described
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. 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 1s 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 1s 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/m. 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 Ti as machining, barrel finishing, or
shot peening can be conducted on the sintered conpact. (2) Electroplating
Conventional electroplating is used. A plating process is generally
realized by sequentially carrying out an al kali inmersion degreasing
tr eat nent as amachwango barrel finashimg, or shotpeeniag can be aonduetédon
treatment, a ground layer nickel plating treatment, and a nickel plating
t r eat ment thenstiHeredswmpaat. made of iron or iron-based al loy. A treatment
solutlon d eatne t .time for each treatnent step are as foll ows. The
al kal i QE%@BEﬂﬂ%% treatnment is performed by immersing the base
met al |n a warm;p ueous sagl uti n ntalnln sodiu h dr oxi de, sodi um

u

silicate, sodi Yoo © g 13 456Gnat & P %S&lftoc’fésrffﬁnut es. The
o oo e e Bt ST Pt SRR BRI o2
oot Wt e e A
o e RS g, AR ey AR L0,
appl yi ng gik&Npladin @ treatment on the base metal made of iron or

iron-based alloy. 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 aqueous 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

treatment is performed by immersing the base metal in a

hydrochloric acid solution for about 1 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 is 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 solution containing nickel
sul fate, nickel chloride and hydrochloric acid, and imersing a base netal
in the solution for about 15 mnutes. The nickel plating treatnment is
perfonmed by applying current at a current density of 5 A/dn2 in an aqueous
solution containing nickel sulfate, nickel chloride and boric acid, and by
I mrersing the base 12 netal in the solution for about 12 mnutes. (3)

El ectrol ess Plating Conventional electroless plating is used. A plating
process is generally realized by sequentially carrying out an al kal

I mrer si onmeéegl éathegdloerinméot abautakl ngnitiegat i on treatnent, and an

el ectrol ess nickel plating on the base netal made of iron or iron-based

al loy. A ¢3¥eat nEhectsolassi Platamg a treatment time for each treatment step
are as follows. The alkali imersion degreasing treatnment is perfornmed by

i mersi ng the Hasavestwindlrelgcteolesaqlabong sonsedon Agpladimg pgocessli um
hydr oxi de, sodiumsilicate, sodium phosphate,  and sodium carbonate for
about 10 % generallypealized byseanensially carsging ont geadkakied by i mersing
the base netal in a hydrochloric acid solution for about | mnute. The

el ect r ol 4BMGTSERR dgHTZASHE tgatmeRhan §cbiﬁF&W?éb°%>tr¢m?§Fn@ he base

i trate, ARSIPEIFOLE BEkCERIRREIEH ChpItASCIRCRel TARR OI8O ot es. Thi s

o oL ol eamhkeh o) " ERhLIEhe S RiaR i Feent R 48050 U

based on Lhe, ¢ HEneltg Bfe BY RA159d! um

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 about 10 minutes. The acid activation treatment 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 1ike
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 netal is immersed in the plating 13 solution. The nickel plated

| ayer can be a plurality of nickel plated |lam nated |ayers by perform ng at
| east one of the nickel plating and the electroless nickel plating. (5)
Heat Treadolmtiomds dlieaickekplated: layert bam beeatplurabtywft nickelheating the
base netal to a tenperature of an austenite region of the iron-based

mat eri al pladeddamynadedilayecodyi pgridrmibnegs at deastl onaraf thaeaackel reat nent for
carrying out quenching and tenpering to the base netal are possible. The
former isplatingangdethe elﬁ@éf’le%ﬁaﬁtck@ platngned in anticipation of a nickel
di ffusion ffeﬁg of diffusing nickel into the base netal. The latter is
approprid& i f ACALAAEAtMBAEt is obtained in anticipation of this nickel

the Tike of ¢ HASHobeat FERIMATE HOPrhHeat dEaunpl Sonhearrs tlan o
odopt e, 0, BTSSR Sy A L SRATRR O RSBy oo
oL oot o L B (TGP R RO B0t o A o Tess car

treatment for carrying out quenching and tempering to the base

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 is obtained in anticipation of this nickel diffusion 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

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

is 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 treatnment tenperature is set at about 850 to 900' C equal to or higher
than an A3 transfornmation point, and the heating tine is set at about 90 to
180 mnutes. If a carburizing depth of the base netal is intended to be 14
smal |, the carbon potential can be set high, up to about 1.2% By thus
carryi ng smalk theheatbdn patertial canebeiset dlighayy tambdutel 22%e Bat al

| ocat ed dﬁgtp i nsi de the n}il CE? | ayer arém%%r bil;]riibzle]d@ angrk(giﬁkell}aqs;nd i ron
are al t ertatsecgrgithgusettiehe at re dtasen n t lagy emi ithel ,
respectively. Further, nickel_ and carbon contents are gradually reduced from
a surf acemesahlecategedpepdnsids the mckebhayengre casburimadhand naekehe
carburizing heat treatnent, a .carbuyizing tenperature cgn be set relatively
hi gh, e.gand laon@fﬁealaemaeteihyghgfuwf HHuthg bese anekalanfldhgantakslst or mat i on
poi nt, and a hol di ncgtét egper ure at .a %Egﬂg](r;(ﬂi %Ere aration stage can be
set hi gheldYs§, AERRCBHERY -t nANTERRT, A ck FRERPBEPYEALS ATy carrying out
the heat treatnent inn t st ages,_carburi zi Il me __can be reduced and a
%OO?' que?%‘f?éﬁlagﬁdgfi&tcg\ggq}?% ovt 'Cﬁeﬁﬁw%ﬁ(g%[@ﬁ%rﬂ(ﬂglq% per]l;or{re?j Ey _
eating e ba 0 abou our in
an ordinary mﬁﬁe‘iﬁéﬁgﬁ@%& B%EWrﬁégah%ﬁ%gglég%%?QP}%qurl\fll\gétds. The heat
treat nent per : 1105 b under the
treaimBft P4 Jaqlb'ﬁ?%gig}n{éggpgf@ﬁlarg‘%ﬂ bt rd1QRHA1YSh A, 0

gas at nospliere having a car
a temperature higher by about 100°C than the A; transformation

point, and a holding temperature at a quenching preparation stage
can be set higher by about 50°C than the A; 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
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set equal to the carbon content of the base netal. By carrying out the heat
t.reat rent under the gas atnobsphere 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
the base netal that 15 has a relatively high carbon content under the gas

at mosphergag '&fx‘élﬁﬁy@lqugh ERFBVN coeiteRt ualdernhe %5@ a‘fﬁfcﬁ?heﬁ@”t ent of the

base netal. n this ctcase, the carbon netal having a carbon content of, for

exanpl e, lepeiiig Q. lbwer GafboRyot¥ntril thanuirg catboh oidteat oft tirabEsSt S

performed under the gas atnosphere having the | ower carbon potential than

t he car bometaht efh this chseptlse cagbeh, mehsl hawibgra carb em veditent ofe gas

at nosphere and that contained in the base netal are m xed into the nickel

| ayer (thfomexamipleapbouitd. 4oty O mask bsicam beaiseal.bolf thetheiated i n the gas
at nosphere and that contained in the base netal). The carbon content of a
surface fregtepbnsiparformedeundee thetgas atmpsphesd hawingi theelowerdi f f used
into the surface | ayer portion. If the heat treatnment is perforned in the
gas at nosgadan ﬁQ\Vﬁ?lﬁl@ahéh@ﬁrtB@rPfH&Q!h@paF@mt pédherkaseg m&tﬁi theited | ayer is
carburized ysi ng only the carbon cont ai Hed indtﬂ'gq{ base .net.al , .the carbon
content ofaRIAN FRBEAIRGdaIN tBe gan,aEnosRAare Rad tiat comtained WtiGce of the

i ckel plgted  BYFr Lk oth (TS 62000 1AL MR kbl TaggRigt TosPheTe T,
carburized using the carbon contained 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
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
guenching is perfornmed. (6) Cross-Sectional Structure of Product A surface
of a product obtained by heating and then gradually cooling the nickel

pl at ed base netal under the carburizing gas atnosphere is covered with the
ni ckel layer, and a |ayer below the nickel |layer has an iron pearlite
structure or a 16 m xture structure of ferrite and pearlite, |If the base

met al dodBlx@ire sispetune ehfpontoandr peatiteneall thedrasenineiab doosoneire of the

pear | 10 Gantata Gagbon e Eie-ihe Reabieentfiemtisndanralhbir olithg 4 base
Ctract Lai%sfﬁﬁﬁ@&ciw :C’”{ f reSHohdst [ g%raelﬁtsgﬂl”%f%%_sh%? B oduct _"3‘3&%{ Egd
ur face. dedBepnbdtel® s Sefdfdy ' EBts FRFCobIfingd BsHEufie: "ontained
by heat] neade P ithe BhFAEL AT MBERb L BRE HenYRREyL 1A B |1 on based

all oy, an gquenching an the base netal erwar a region

whi ch CQE%I?L}S%&ERE%%@ gig‘#ﬁffﬂkéﬁ SHrakGired0f féi9te ahf ]gé]ilg ed has an

i mpr oved nabi I'ity. Thereftore, the surface |ayer porti "t he base
metal , | %gﬂ‘i’ddlﬁlﬂ@ﬁt,aihéd'd‘siﬁgsﬂﬁt Bab® MbtAhmblde §Pthe @int&gRds to be

t ransfor ne nto a martensite structure by rapid cooling. The nickel content
of the banatemablis in o sedd Whichtdhsupfaceas the product is sealed by

the nickel layer. In a product obtained by 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 and iron 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.

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

b ayer- portion of the base netal has the martensite 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

| arge is

used, the central portion of the base netal has a ferrite

structure. A product obtained by heating and then gradually cooling
ated base netal that contains carbon under a gas atnosphere having
potential equal to the carbon content of the base netal has a

ni ckel pl
a carbon
pearlite
addi tion,

pot enti al

har denabi

thonugtadealdy coolinguhe baseichetal thiat doartaine canbopaaidet a.

t he

In

a product obtained by heating and 17 then gradually cooling the
base net agas htmosphiest fsaaagharcarboar patentasl hywesthanetheavarlyom car bon
| ower than the carbon content of the base nmetal has simlarly a
pearlite eontentuokthe basermgtal bassimdlanly apenshite srugtarpearraite. The

[i.t n which nickel is u ipto an jron

matri x

f ' ' f d
i s inprov’é‘dx%/ur%ﬁéﬁélp&)&% 3?&6{%6@& pegrhtg e | 'erguag enability @4 a t he product
has a bainite structure. or .,a fi. earljte structure. A cro ecti on of
such a prisEien dnwvhehsuiskal s ditbused inte apcironomatEin i improped. |
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"the product obtained by

heating and or gaualdyceonli B¢ 4 B GEl A LD AT dBRbE ogfer the

ng gas atnosphere are e car
analysis of carbon, nickel, phosphorus, and iron concentrations

(indicated by number of detected counts, which similarly applies
hereafter) using an electron probe microanalyzer (“EPMA™). For
example, concentrations of respective elements as a result of
analyzing the cross section of the product obtained by heating and
gradually 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 highest in a
slightly deep portion 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
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concentration is highest on the surface of the nickel |layer, and decreases
toward the interior thereof. The nickel concentrationis |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
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 heat ipwrteonl andois lawebtohathe setfalcet dbfitheantkehdayer.boThisdsr the gas
at mosphere having a | ow carbon potential, the carbon concentration is |ower
in the nibosiusei ¢aﬂnwcbay@metdmmthhd>@@emelal pomaixed antb the mekel on the
surface of the nickel layer. This is because carbon contained in the base
metal isla¥YRBd into the nickel | ayer. Phosphorus concentration follows a
simlar patterg)to hat of the nickel. concentr.ation. That js,, the
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Iron conce I n
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toward a deep region in which 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 smaller the depth of carbon diffusion from the surface.
The iron concentration is, 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
treatment is performed under the carburizing gas atmosphere
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 w thout 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
treatment, the nickel layer is free of defects such as pits, and is

metal lurgically coupled with the base netal. If the sintered materi al

havi ng bariekel prosadtashidie hassleceresabjected pathe hidatrtreatraeayy flece of the
product is sealed, thereby exhibiting an excellent corrosion resistance. If
a salt sphiffencecie betweoentbeddvo produetsiiskplitplcdeard product without 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 es _The present invention will be specifically described with

r ef er enceEX €Sfol | owi ng exanpl es. Heat-treated conpact if sintered

e S R B SpTEERSAT FRBARE B o 7

ranuf act dFRE RS FoREA U Rt Pl kogyo). "o oraphice powder
(menuf actieofl RS HBSE E AR REPATL natfla8 il biedal (211

Stearate) by respectiverp etermned proportions, |
First and Second Examples

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 graphite powder
(manufactured by Southwester Graphite Company), and a lubricant
(zinc stearate) by respective predetermined proportions, is
compression-formed in 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/m’.

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 i1s 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 1120'C. 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 M/ m. The sintered conmpact 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 mcroneters in each of the first exanple and the second
exanpl e. The phosphorus content of the electroless nickel plated |ayer is
set to becddwsamiplerundiesa canbdiriziovgs gasatpiespliere hawirg mastarbwh t he second
exanpl es are each sequentially subjected to uenchi ng and tenpering. The
quenchi ngpotensiali of Medbat Bééigﬁioz(i bauns sang|thennadrquerehing theng gas

at nosphere having a ,carbon potential. of 0, 8% at, K 850C for 2 hours, and then
oi | quendHagdisampheat cbhe Aemperingdsipgrier by heatipgnamd ¥heneat i ng and
then gradually,cooling the sa e.in atnospheric air Cfor 1 hour
Third anctBaNAl Eonedhs e TBALS iAtROSeTas daat hQI GdoRgl ¢ he sane
naterialAHPomders and the sane production nethod as those in the first and

t he seco anpl es except that the conbined carbon content of the sintered

conpact i .0 00,1, I | tered conpact is subjected to nickel
el ggtropli?ﬁﬁgaﬁgf%ﬁtb Egaﬁi}ﬂ&% The rsr}:)ntered con{)act is subjected to

el ect ol €55 i ol yleat il P WM fhot HETRThg RTBARS dibhgifi 7ot and the

second exanpl es are
powders and the same 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 subjected to electroless nickel plating (a fourth
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 conbined 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 quenchi ng and
tenpering in a manner simlar to that of the third and the fourth exanpl es.
Cross-secTalpleal hardnesses of the respective sanples in the first to the
fifth exanples are illustrated in Table 1 below. 21 Table 1 CROSS- SECTI ONAL
HARDNESS CR O&87S FRERIEN AMHARDNHS S ) ETARZT AR AURTAGAMPLID. 30. 51

FI RST EXAMPLE770765730675 SECOND EXAMPLE765725700655 THI RD
EXANPLES&@dbﬁ%3066O FOURTH EXAMPLE600620640665 FI FTH EXANPLE740725700670

S fnce |DISTANCE FROM SORGACE(RL, Gk Tt udoodd lacibarde

mar t ensi t{EIRSHi EXiAdVIPddause ni ckel is| dif@usled 78mt d t Fa0 tasé75m3t al and the
ni ckel pl SE%N@EXAMPEEW” zed. As| cogparled 1o4v tjh Hhe Janpgssges [subj ect ed

to el ect Tﬁ[ﬁbm Eo.llpl €S aUUJ et %80 600 630 660
FOURTH EXAMPLE 600 620 640 665
FIFTH EXAMPLE 740 725 700 670

According to Table 1, in each of the first and the second
examples, 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
the base 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.
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 electroless nickel plating are slightly low in hardness in both the
surfate | ayer portion and the deep portion. This is because the phosphorus
contained in the electroless nickel plated |ayer inhibits carburizing of
the nickel plated layer. In the third and the fourth exanples, in contrast,
har dnesses of the surface |ayer portions of the base netals are low. This
I s because the carbon potential of the gas atnosphere for the heat
treatment is low and the carbon content of the base nmetal accordingly
reduced during heating. Further, as conpared with the sanple subjected to
ni ckel ebasd mogtlabthasgstrubtutehincduehiagphayterdiee safhis isubgeanss to

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

har dness. nittkied 16&%@@@&@@1&3@&@69@@@& ahddihe basthenetadanadeegf ni ckel

pl ated | ayer jnhibits novenent of carbon contained in the base netal. In
the fifthreRrabpsed stnteredralder has arhigh cathowrcomtenp2 base netal has

structure includin rtensite. This,is becaus nickel is diffused.into the
base metal andthdlrgegbﬁgmﬁ%|reﬁahe0§Ilnqar§ﬁ BAING 3 erQs$ s8et9niRks a high

cect  on o Reat-ihted ple dnfhecirs eRemAlPdthelbdty alehiloace mat eri a
under 1 hrdte Pl EBRPE srems Sh e 2%, bR eRBidtialig. 1 B8R Lol g the
P o " RS R s B B e ISR Pt =
7 ot e AR EPAA Sahe PRI SRl SRR phs kel o
diffused in@ieatey § d¥iidentration (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 nickel-carbon diffused layer are both

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 1s heated

under the carburizing 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 EPVMA. 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. |In addition, the carbon concentration on the surface of
the nickel Jlayer is |low These facts indicate that if the base netal is
heat ed unttﬂrel; aadceatbon hiavg trssamepatteras disrigegskoohi g Kg. iln t he
first exa the nmutual diffusion of nickel and iron is pronoted. As for

the heat-T eahmt -trzaped samp keeims ého s conahpk amplieedififers froanettiadl inhavi ng t he
carbon content of 0.2% the electroless plating, the heat treatnment under
the gas athtoéishbesampientp that thecsshopsiamantrabonoissighsly hewgh not shown
in the figures, iron 3 ni ckel arbon have the sane erns as those
shown in §YEn 11]! th Wéé&%l%@&@ﬁéhﬁ @af rtlﬁ@g;é]@tm léxﬁh@#‘@}’di ffers from
that in the first ?Lelntht t carb concentration is . slightly | ow
even i n t3RaLlsTf acBNEolY beravss PhosPhomis DI SRERWIZANG At v smal | e

lg'cilnhslei’liwﬁﬁeielaﬁﬁispﬁ%sﬂ%'ﬁgg' LA oo Sl porti o'
s i ghests Qv M St RSTBERIOR S BRptNCHEAEBiPK el CRPBtRaugE.  FLri ner
phosphor us, fiedhioety HOMERE PABAFR! AR Rihidhestincs GRS bobAR | S

di f fused ce o m crorre from sur ace. for the
4 micrometers from the surface. Further, phosphorus reduced
from the highest point in a depth direction, and is diffused at a
distance of about 10 micrometers from the surface. As for the
heat-treated sample in the fourth example (the base material 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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beat-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 beat-treated sanple in the fifth exanple differs fromthat
in the first exanple in that the surface of the nickel |ayer and the base
netal are substantially equal in carbon concentration. This is because the
ni ckel layer is carburized using the carbon contained in the gas atnosphere
for the _heat treatnent and. that contained.in_the base nmetal. The diffusion
of i CkelBGaigeaRBchice Abdar the sAmphe 19 thenfirsy azsarrghlearsﬁefgstsapé

phot ogr aphs of .t outsides of s e after, salt spray.tests,were

Ponduct edheraioks] Tpget querizame veR R hTatts STEkERlAvEr I KET ALY L o1 de o

t he sanple, j,n i I t i B i t Qgraph of the
out si de olfedttﬁ%é}j}%PéMﬁ%ﬁRgéﬂe%}lggfgﬁtgl%ﬁckefn gldggﬁoggltﬁt%i ng but which
i's not sybj 4 n e incthe first
exanpl o, kel iflaldt ferfs BEboVdER Belterofibe: By e AHMEH 3fel ayer i

sintered Iﬁkékg'l‘eafi‘fd ﬁ%rﬁ“%@f@#"théisﬁgnef)fé s0Bj et ttdﬁgé ('i;i??kel In addition, the

ni ckel plated layer is believed to stronger by t fusion of nickel

and iron.cléetiogplating batplr subliceté@dotthet Reatiratmert! ¢rbh@plratt ng but not
subjected to the heat treatnent, brown rust forned in |arge quantities.

Al t hough foewssddniat e tuamtitiks! Althioagh speered heithathe aiclselkconsi dered to
I ncl ude fine clearances. Although not shown in the figures, as for the
sanpl es iplatée lagennthe samiple isidansideaegitesinclude finendéaransesl |
quantit eﬁithsoiurgll ?1roltyshto%vn in the figures, as for the samples in the second

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

the sample in the first example. Therefore, no difference is

discerned between the first example and the 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

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 1is 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 treatnent. Heat-treated sanple if wought nateri al
is used as base netal Sixth to Ei ghth Exanples The based netal, which is
made of structural carbon steel having a carbon content of 0.25 mass % and
whi ch i s example). sukjthatlesesoélthetnicked platéd keyeplintdavh, oficheed under the
carburizing gas atnosphere at 880" C for 90 mnutes, quickly cooled, and
then subjixthde the eegipdr exgmplesss’ setfaiﬂonscnmncteﬂ:hree types of

el ectrol ess nickel plating are perforne , the phosphor us content of
the nickel platEbiglenesseissof ﬂvmwkﬁbdlff@fsednltaafg&(@bt@med ¥xanpl e),

I nternedi ate, (a seventh exanpl e), and hij a h 25.exammple). A

t hi cknessaRAINHBEHTOSS| SentaeBY Of ther heat- grae@x afsatma esURIME tBet he ei ghth

obt al ned By Manars 23.GEFGRESEL iR dhe TRTE %%Saaﬁfa o Fedniat amAiSs s ng ¢ he
XA €. ﬁ}?dmaﬁrﬁkghﬁaﬁeﬁst%ﬁ? Tmie e i raE g BR SSaimble exanpi 6 1 n
e e PR RS S AR RSy Rt g S
M cr omet &S| v, O did8 s St AT Eal 8 uR t S 1€98kh&hat the deep portion at a

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)

DEPTH FROM SURFACE(mm)| 0.05 0.1 03 0.5 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
i'ron 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. Cross-sectional hardnesses of the respective heat-treated sanples in
the sixth to the eighth exanples are |Ilustrated in Table 2 below. Table 2
CROSS- SECSIal”(!ﬂM iphensssh gxampie Mmgnl@w o SPhOIIEPPAtEROLS

R DS S B
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T A b 8 L

Spray tesjre Heh%OH 11*1"agﬁ1§1ﬂl Similak 8 t6' A f fife Eﬁﬁﬁ}lﬁe | tHe ﬁ%?' ein the

first exarrp e seen, to the eighth

exanpl es,eiﬂﬁplé%‘ﬁ@v@n(ﬁ' Flé‘ gxanpl e) | n which the nickel pl ated | ayer has
t he | ow

As can be seen, in the sixth to the eighth examples, the
sample (sixth example) in which the nickel plated layer has the low
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 phosphorus content is suitable particularly for a 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
is 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, it is necessary to

appropriately select the phosphorus content of the nickel plated

27



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 |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
conducted on the nickel plated |ayer and even on the nickel diffused |ayer.
Ther ef or elayelnan hghe afethel appropaatelcrebsisectign adstoictutehethei ckel | ayer,
the sanple is excellent in corrosion resistance, and the nickel plated

| ayer exdppiapriate eress-sectiomad hardmess; gndrilve appropriate mickigbsphor us
contained_in the nickel plated |ayer inhibits the carburizing of the nickel
pl ated | sdidfused stal€. diffusing of nickel. Due to this, the phosphorus
content of the ,electyol ess nick Iatgd Iaﬁer.can be used as one neans of

ok g ottt ARENEL
coleot. i HrGintwhict S Rined by subjectie eohask el Bale Sf 18 Ut (e

P moss rinSbERed Tkt TArte BiEREL Biting! AndliRE R0 tRE hEARRRRRENI e oo

L he baoe WEGErthe tosHBSRerd RafinBicton pateifhiak MY flded DY subl eetno

to the heginizig8iTaYhe HIGEE dyeroasd ThEUsBRA SniRKbAGICAH O POt enti al , the

ni ckel
matrix are mutually diffused into the base metal and the nickel

layer, respectively, the mechanical strength of the product is high,
and the nickel layer and the base metal are coupled with each other
with a high adhesiveness, thereby making 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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contained in the nickel layer and the iron contained in the iron nmatrix are
mutually diffused into the base netal and the nickel |ayer, respectively,
t he nechanical strength of the product is high, and the nickel |ayer and
the base netal are coupled with each other w th a high adhesiveness,
thereby making it difficult to peel off the nickel |layer fromthe base
metal. Further, by carrying out the heat treatnent, the nickel layer is
carburized using the carbon 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
of the plated | ayer are renoved. ,% hing is perfornmed, the Fe-N -C
alloy portion tends to have the martensite structure and the NN-C alloy is
hardened. If the base netal having a | ow carbon content or containing no

bon i d, t.h h I t d
2Cort cani al ABATYBIPASEY BRrhAAKITE PRt MG TRBHR LA SEnot peen ng or

barr el n erfo on .the heat-treated conpact, a part having a
gl ossy sﬂl&rigieas%éinggg i%]tqgr ed. 28 CLAIMS | . An iron-based part having

Nith a nickel  PaurorRbYsd Wil alREe 3aveY HATRO SR BB BC0, Sre"
f?&E?Qda%mpﬁ%ﬁfﬁ“'ﬁPﬁﬁ C?’!“fiﬁﬁ‘ Sarediihd BECsphidtuly’ 1012 O “the iron or
i ron-based all Oé’nlé‘l@é’l diffused layer, in which a nickel content is lowered
in a depth direction, formed on a base metal made of the iron or
iron-based 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 any one of claims 1 to 3,
wherein the iron or iron-based alloy is manufactured by using a

wrought material or a sintered material.

5. The iron-based part according to claim 4, wherein the

wrought material is structural carbon steel.

6. The iron-based part according to claim 4, wherein the
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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

i ron-based part according to claiml or 2, wherein the iron-based part is a
mechani cal el enment or a nechanismelenment required to have an abrasion

resi stance or a corrosion resistance. 4. The iron-based part according to
any one of claims | to 3, wherein the iron or iron-based alloy is

manuf actured by using a wought naterial or a sintered material. 5. The

i ron-baseinteaet materidl ig Res (il biased, allbgrex Fet0a-Ohbasedtalieyerial is
structural carbon steel. The iron-based part according to claim4, wherein
the 29 sintered material is Fe-Cu based alloy or Fe-Cu-C based alloy. 7. A
production nmethod for an iron-base part, the nmethod conprising the steps

of : coverfi.ng asproduetion meathod fan an iratebase past the matbodbased al | oy
with a nickel |ayer; heating the base netal to an austenite region

t enper at GOMPHSIRY theoteparadfon constitutional di agram under a gas atnosphere

havi ng a carbon Q]otenti al of 0.2.tq 1.2% d c(gegl i.ng the base netal. 8. The
met hod accor di R§VEHINE & Hrracq iy @jbasgrmetat ma 9L 1TABAN is heated to the

austenite_regqi on tenperature, enching and tenpering are performed. 9. The
method adkefhassd: lloyanitth 8 sickeliAYRBat i ng of ¢ he

heating the base metal to an austenite region temperature in
an iron-carbon constitutional diagram under a gas atmosphere
having a carbon potential of 0.1 to 1.2%; and

cooling the base metal.

8. The method according to claim 7, wherein after the base
metal is heated to the austenite region temperature, quenching and

tempering are performed.

9. The method according to claim 8, 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.

10.  The method according to any one of claims 7 to 9, wherein
the nickel layer is laminated by carrying out at least one of nickel

electroplating and electroless nickel plating.

11.  The method according to any one of claims 7 to 10, wherein

the nickel layer is a nickel-phosphorus plated layer formed by the
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base netal to the austenite region tenperature is perfornmed first in a
first tenperature for pronoting carburizing and nickel diffusion, and is
then performed in a second tenperature |ower than the first tenperature,
and the quenching is perforned. 10. The method according to any one of
claims 7 to 9, wherein the nickel layer is |amnated by carrying out at

| east one of nickel electroplating and electroless nickel plating. 11. The
met hod according to any one of clains 7 to 10, wherein the nickel layer is
a ni ckel - phosphorus plated | ayer forned by the 30 el ectrol ess nickel plating
and having a phosphorus content of 15 mass % or |ess, the phosphorus
content iedectdlessinic¢kel platongiadhavangra phpsphorhe domtendrofi 1 5n- based
alloy is to be increased, and the phosphorus content is increased if the
car bur i zitAgsgami lessothe mhosphorus contantorsseedugedyf ascarbuwsezingiuced. 12.
The met hod accordin% to any one of clains 7 to 61“ wher ei the iron or

i r on- bas €ty of dhgdran-x ot begedsalhgy dsvhoobgHncreased. amd dhean

[ -b i nt d ial. 31 . .. .
Hron asepq'losslp Stucontent i inciased if the carburizing quantity of the

iron or iron-based alloy is to be reduced.
12.  The method according to any one of claims 7 to 11, wherein

the iron or iron-based alloy is manufactured by using a wrought

material or an iron-based sintered material.
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