DESCRI PTI ON | RON- BASED PART AND | RON- BASED PART
CT/’}QJCZSAL/QZJ (2

PRODUCTI ON METHOD Techni cal Field The present
invention relates to an iron-based part nade of iron
or iron-based alloy. The part is used as a nechani cal

elenent or a nechanismpart of various types.
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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



material, the nechanical elenent is formed into a
desire shape by an arbitrary neans of form ng such as
plastic form ng, shearing, or mnachining. If the
mechani cal el enent is manufactured using the sintered
material, the material is forned into the intended
shape by powder formng using a die. If either
material is used to manufacture the nmechani cal
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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



2 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 treatnent at a tenperature of 600 to 850'C for
10 to 120 seconds, thereby transform ng part of a
plated layer into a nickel-iron alloy phase (see
Japanese Patent Application Laid-Open No. 11-61484,
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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



3 an interior of a plated nmenber. According to one

aspect of the present invention, there is provided an

i ron-based part in which a surface of a base netal
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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



possesses both the sliding performance and the
corrosion resistance 4 because of the presence of the
ni ckel layer. In such an iron-based part, the nicke
di ffused | ayer can have a quenched netal structure
including martensite. In addition, since the surface
of the base netal is covered with the nickel |ayer
the iron-based part is preferably applied to a
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I ron-based part according to the present invention.
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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



hardness of the nickel layer is increased. (3) The
heating of the iron-based material to an austenite
region tenperature under the carburizing gas

at nosphere pronotes carburizing if the tenperature is
hi gher. 1f the gas atnosphere is constant, the
carburizing anobunt can be controlled by the heating
tenperature and the heating duratlon (4) If the base
netal . plate el_.a I.ron- based
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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 is provided a production method for an iron-based part having



the el ectrol ess nickel-plated |ayer. That is,
accordi ng to anot her aspect of the present invention,
there is provided a production nmethod for an

i ron-based part having the steps of: covering a
surface of a base netal made of iron or iron-based
al oy that contains carbon with a nickel layer;
heating the base netal to an austenlte reglon
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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 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.



all oy base netal with a nickel layer; heating the base
netal to an austenite region tenperature in an

i ron-carbon standard constitutional diagram and
gquenchi ng and tenpering the base netal. 7 By carrying
out the quenching and tenpering, the base netal can
be hardened at the part covered wth the nickel |ayer,
the structure and nechani cal properties of the part
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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



If the nickel layer is a nickel-phosphorus plated

| ayer fornmed by the electroless nickel plating and
havi ng a phosphorus content of 15 nmss %or less, in
particular, it is preferable that the phosphorus
content be reduced so as to increase the carburizing
guantity of the 1iron or iron-based alloy and that the
phosphorus content is 8 increased so as to reduce the
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ma#&sy Britdsndifficult 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.



of the nickel layer. Therefore, by adjusting the
phosphorus content of the el ectrol ess nickel plated
| ayer, the carbon content of the heat-treated base
nmetal can be adjusted. The iron-based part used for
the iron-based part production nethod can be

manuf actured using a base netal nmade of a w ought
mat eri al or using a base netal nade of a sintered
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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
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conpact subjected to nickel plating (a first exanple)
froma surface and densities of respective el enents

as neasured by count nunber; Fig. 2 is a graph which
shows a depth of a heat-treated conpact subjected to

ni ckel plating (a third exanple) froma surface and

densities of respective elenents as neasured by count
nunber; and 10 Figs. 3A and 3B are respectively a
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spPAy ey Based Alloy As a base netal made of iron or

i ron-based alloy which is to be plated, both a
wrought material and a sintered nmaterial are
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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 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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when a high nmechanical strength is required are

avail able. A 3 density of the sintered nmaterial can
be set at about 6.5 My/ m Preferably, the sintered
material having a high density and including fewer
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difficult for a plating solution to enter the pores.
If the sintered material having high density and
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follows. The al kali inmmersion degreasing treatnment is
actie'raﬁmmmaimemmgsougdtllageman@?cmbtpdatmg trosgment, and a

aqueous .sol ution contai ning sodium hydroxide, sodium
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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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hydrochloric acid solution for about 1 mnute. The
ground | ayer nickel plating treatnent is perfornmed by
applying current at a current density of 5 to 10

A/ dn? in an aqueous solution containing nicke

sul fate, nickel chloride and hydrochloric acid, and

i mrersing a base netal in the solution for about 15

m nutes. The nickel plating treatnment is perfoned by

cuyrent current density of 5 AldnR in
m%ﬁdéd@?@u%‘bfwﬂ%fgﬁgmﬂ ﬁf%.rﬁgnmf‘c%(a sul fate, nickel
hl ofl de, a ic acid, and by imersing the base 12
(3fret aﬁl?ﬁtrpﬂgs%gﬁ%ﬁlpgn for about 12 m nutes. (3)
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made of irdn or "iron-based alloy. A treatnent
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are as follows. The alkali imrersion degreasing

iran-baisedralloy. peAftoeatiehy solutrensand d heatarmtnitiied fon
a warm aqueous sol ution containing sodium hydroxide,
eashdireatment step arsai {fmblpwssphat e, and sodi um
carbonate for about 10 m nutes. The acid activation
treatignalkali ipunessionddegreasingsiregtmeat yaperdermed hy
. a hydr oc &lses[)lc aC|d solution for about ;1 .m nute, .The
1pg| asedaetal| i a Warm agueeus sodupeny epRtaingy g

SOGb Aok e TiB sllichle Sso i Ae ol and s5Riwm
caﬁlﬁﬁégfeefop%oﬂlt Clk(i3 ﬁfﬂt%.‘ derflg racqgoégtl@g’tlghnff%gf‘ment 1S

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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el ectrol ess nickel plating can instead be perfornmed by
ni ckel - 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 N ckel Pl ated
Layer A thickness of a nickel plated |ayer can be
appropriately set according to a di nensiona
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(5}aye[_peat1yrwtﬁ%ﬁ@ ng at |east one of the nickel
lating and the el ectrol ess nickel plating. (5) Heat
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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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The gas atnosphere of the heat treatnent is as
follows. A base netal that does not contain carbon is
heat ed under a carburizing gas atnosphere. The base
nmetal that contains carbon of 0.6 mass % or |ess can
be simlarly heated under the carburizing gas

at nosphere. A carbon potential of the carburizing gas
at nosphere is determ ned according to the carbon

sl cREROR Rat R TR by, St (ER R to At R h7en: B
thl?{) Fﬂgtng)?at gﬁg}eﬁtfﬁgﬁtlﬁ@hmﬂm @5?@ FArPéelj §naechealt)ase

m tﬁl‘ﬁ@bﬁf% Aele 1Ifs€Htheaim%el§§2eY°ar%0@£b‘iﬁh‘i’édtQnﬂrnlckel

I gher 't transtormati on poi nt, and
andei@bnngre aItErhéteﬂ?t dﬁ‘fu@é@lﬂht@@hé bak#Omethhdhgsthd hickel

carburizing depth”of the base nmetal is intended to be
laylet, sreapbctltviedeycarfhmhpptﬂmkdl artdrcapbosetotifegits are to

about 2% thus carrying out the heat treatnent,
gradbeaHycneaiudai Eromnal sunfadeasewardt aldeepcportdoneep
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heat treatnment Int

BSR4 1500 oS anenimtiad
Theytdmpterinyg ivecprfornedtty Heattng 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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tenperature of about 180C for about 1 hour in an

ordi nary manner, and by cooling the base netal
afterwards. The heat treatnment can be perfornmed on the
base netal that contains carbon under the gas

at nosphere having a carbon potential set equal to the
carbon content of the base netal. By carrying out the
heat treatnment under the gas atnobsphere at an
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heat treatnment can be performed on the base netal that
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at nrosphere having a | ower carbon potential than the
cacbohpotentiadrthanf thdreablase corteal .ofl the base anstal, the

carbon nmetal having a carbon content of, for exanple,
catbontcantained ondtheagas wtowsiergsand that coatabwd in the

treatnment is perfornmed under the gas_ atnosphere having
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the base netal, the car bon.co&t.ai ed in the gas
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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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plated | ayer is carburized using only the carbon
contained in the base netal, the carbon content of
the base netal is reduced, and the content of a
surface of the nickel plated |ayer is |ow The carbon
potential of the gas atnosphere is, therefore,
preferably set at 0.1 % or nore. As can be seen, the
ni ckel | ayer and the base netal are firmy coupled to
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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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i mproved hardenability. Therefore, the surface |ayer
portion of the base netal, in particular, is in a
state in which the portion tends to be transforned
into a martensite structure by rapid cooling. The

ni ckel content of the base netal is reduced fromthe
surface layer to the deep portion of the base netal.
Therefore, even if the surface |ayer portion of the
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hereafter) using an el ectron probe m croanalyzer

grad&&NK' ¢oohag 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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exanpl e, concentrations of respective elenents as a
result of analyzing the cross section of the product
obt ai ned by heating and gradually cooling the nicke
pl ated base netal under the carburizing gas

at nosphere are as follows. The carbon concentration
i s highest on the surface of the nickel |ayer, and
decreases toward the interior thereof The ni cke
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lowoat the:suctadeoof thdarickied lages amidis highesthfollowiag aw
carbon potential, the carbon concentration is |ower
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the product by the d1ffus1on 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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ni ckel - phosphorus plated | ayer, the | ower the carbon
concentration and the smaller the depth of carbon

di ffusion fromthe surface. The iron concentration is,
in contrast, reduced toward the surface of the
product by the diffusion of nickel, carbon, or
phosphorus. (7) Qutside of Product The surface of the
ni ckel |ayer that has been subjected to the heat
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surface of the nickel layer is often sooty). The soot
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Exganpléqng out the heat treatnent, the nickel layer is
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(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 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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Ltd.), an electrolytic copper powder ("CELl5"

manuf actured by Fukuda Ki nzoku Hakuf un Kogyo), a
graphi te powder (manufactured by Sout hwester G aphite
Conmpany), and a lubricant (zinc stearate) by
respective predeterm ned proportions, is
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layer “is 5 mcroneters in each of the first exanple
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el ectrol ess nickel plated |ayer is set to be |ow
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on content of t
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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sintered conpact is 0.6 mass % The sintered conpact
is subjected to nickel electroplating (a third
exanple). The sintered conpact is subjected to
el ectrol ess nickel plating (a fourth exanple).
Sanples in the first and the second exanples are
heat ed wunder a gas atnosphere having a carbon
potential of 0.1%at 880C for 1 hour, and were then
Th%ﬁgjeCted to quenching and tenpering. Fifth Exanple
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(MHWPact set at 0.6 mass % This sintered conpact is
i i ctronlating heated under a
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EXAMPLE740725700670 According to Table 1, in each of
exanmepleis; thearfate lageopairtion 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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exanpl es, the surface |layer portion of the base netal
has a structure including martensite. This is because
nickel is diffused into the base netal and the nicke
pl ated | ayer is carburized. As conpared wth the
sanpl es subjected to electroplating, the sanples
subjected to electroless nickel plating are slightly
|l ow in hardness in both the surface |ayer portion and
because the hor us
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sanpl e subjected to nickel el ectropl ating (the third

haexaprthe) cartbum sampéet o1t 286 cthé @le@ﬂrﬁP‘lﬁtﬁthfihBl}?é@m
plating (the fourth exanple) is slightly hlg er in

tresmeEsendehithe i gashetraosphphe drhvangstheooaeb e p otentiad of
el ectroless nickel plated |ayer inhibits novenent of
0.8% pusingtha BRMAN thethogsapheofiFigl A, the vértidal axis
npl e, the surface |ayer portlon of the 22 base
m&tqaéps [RagOBELNHIALIQN (numbenef dateetrd counts) o |0§1Ch
becayse di.ffused j.nto the, base neta

elgRgtoand fas Z\aorﬁ%%tadfaxnsr iBatksA SIai Dy BT ey Seface.
A{'eb hffégéﬂ FiiEa 1. mickel and Botoaré apifiatly Yiffused,
ol O 8 PGS o
R e
seéﬁ@n‘i‘?f/‘ﬁle |Héatthl‘i‘e§fét13|§aﬁ{pl'é' h tHe thiiQl ¥RahipIRl (1A% 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 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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i ndi cates a concentration (nunber of detected counts)
of each elenent and the horizontal axis indicates a
depth fromthe surface. As can be seen fromFig. 1,
nickel and iron are nutually diffused, and the nicke
| ayer and the nickel-carbon diffused | ayer are both
carburized. Fig. 2 depicts a result of linearly
analy2|ng a cross section of the heat-treated sanple
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the mutual diffusion of nickel and iron is pronoted.

is bews i thésunéace postivadssnniarky ta thiceniwded ebreentyhtion
éthe base rraterl al having the car bon content of 0.2%

indicateddey the ek eblp@tttergl, ambmbag estat sedistanee ofakout
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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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i ndicated by the nickel pattern, and is highest at a
di stance of about 4 mcronmeters fromthe surface.

Furt her, phosphorus reduced fromthe highest point in
a depth direction, and is diffused at a distance of
about 10 micronmeters fromthe surface. As for the
heat-treated sanple in the fourth exanple (the base
mat eri al having a carbon content of 0.6% the
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is bbbﬁﬁgsrtheynfcut%lqsfdlwﬁhm i’lflto the "Eﬁﬁ'se%@tér he ﬁfcla‘élr
the sanple subjected to the nickel electrdplating but

plateld Biydrest eslidplyt beupted withathiebhse mevdl, ansk 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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formed in |arge quantities. Although covered with the
nickel plated |ayer, the sanple is considered to

i nclude fine clearances. Although not shown in the
figures, as for the sanples in the second to the
fifth exanples, rust fornmed in small quantities,
simlarly to the sanple in the first exanple.
Therefore, no difference is discerned between the
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the ybjveatledxamplecand!lds smivrokedteps dhi the, eiptrtheexamgde.
the carburizin gas at nosphere at 880" C for 90
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. tenmpering at 180' C for one hour. Three types of
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using mcroneters 1n
ni&KeM Fusda r&i6AMREhPréoved.  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

(MHV)

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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the seventh exanple, and 10 mcroneters in the eighth
exanple. In the sixth exanple in which the phosphorus
content of the sanple is low, a cross-sectiona
structure is such that the deep portion at a distance
of about 30 mcroneters fromthe surface has a
martensite structure, and is such that the centra
portion has a fine pearlite structure transfornmed by
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heat-treated sanples in the sixth to the eighth

exanyplel showmein Higsated in Table 2 below. Table 2
CROSS- SECTI ONAL HARDNESS . OF HEAT- TREATED SAMPLE (MHV)
DEPTA SFeV IsURSRICE It 0 s08th 10.the. @glshmmples the
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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
1s 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
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are all high in a manner simlar to that of the sanple
inthe first exanple shown in Fig. 3A. As can be
seen, in the sixth to the eighth exanples, the sanple
(sixth exanple) in which the nickel plated |ayer has
the |l ow phosphorus content has a | arge nicke

di ffusion depth and a | arge carburizing depth, and
the sanple is converted into a conpact having a
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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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As can be understood fromthe respective exanples, in
a product which is obtained by subjecting the base
nmetal made of the iron-based material to nicke
plating, and then to the heat treatnent under the gas
at nosphere havi ng carbon potential, the nicke
contained in the nickel layer and the iron contai ned
inthe iron matrix are nmutually diffused into the
base netal and the nick I , respectively, the
mechani cal strength of ﬁt@pﬂﬁﬁﬁtct is high, and the
ni ckel | ayer and the base netal are coupled wth each
other wth a high adhesi veness, thereby making it
di ff Stf saE I base
L met a{A‘iPLforf tl’;bgr%abg/ ca}}ér@i?lrggaout tﬂiéﬁggéagpeﬂaﬁﬁgntéf

lrdﬂl@a@bgkﬁlloya&ﬁhpﬁslﬁ@ buri zed using the carbon
contained 1n the gas atnosphere for the heat

tr eagnirfa®e coferedonith aarickel iager bhaecontains carbon or
transformed into a Ni-C alloy, that is, a soft phase

a wickghtlayehahdeconbamsncaiein a@mﬁphbsphetasts of the
plated | ayer are renoved. If quenching is perforned,
the meniékel diffogeddayennin wirich a mibkek conéent is lowered
martensite structure and the Ni-C alloy is _hardened.

in af depth Haxactienaformerdnen @ base metﬁirm@dm ehtheron or
co tala rﬁ no carbon is used, an iron-based part

ir AlhaYd alGur f ace | ayer portion and a soft

central ortio nufacturgd. [ Furth

Shot BsbRRrgORRBER i af TR sy Hfite Lavdn REGRE icke

. gt ed conpact, a part having a gl ossy surface
dl@ggg la%&huf actured. 28 CLAIMS 1. An iron-based part

havi ng a base netal made of iron or iron-based all oy
conprising: a surface covered with a nickel |ayer that

2. cont FhRsireALBASe@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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a nickel layer that contains carbon and phosphorus; a
ni ckel diffused |layer, in which a nickel content is
lowered in a depth direction, formed on a base netal
made of the iron or iron-based alloy; and carbon
contained in at |east a surface |ayer of the nicke

di ffused layer. 2. The iron-based part according to
claim1, wherein the nickel diffused |ayer has a

sinteER BR8iTTRGls FSEES HRe Uil dtor SChC bided dioVhe
iron-based part is a nechanical elenent or a nmechani sm
el ement required to have an abrasion resistance or a
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to any one cl al 0 ereln Iron o

coip¥isfias eRe &tbpy dfs manufactured by using a w ought
material or a sintered material. 5. The iron-based

partcavennd agurfact afn basehacealnntdde ofioogor
material is structural carbon steel. 6. The iron-based

irqmebtasedcall oy ngitthoa aliekel 4ayatherei n the 29 sintered
material is Fe-Cu based alloy or Fe-Cu-C based alloy.
7. Ahpatogctlicobagetnotalfter anraustoniteasegipar tempieature in
nmet hod _conprising the steps of: covering a surface of

andrgasearhamicopstidubional giagram psdes 4 gasatmosphers a

ni ckel |ayer; heatin ase tal ,to an austenite
hap s anceibpatenbialpt O 28 n2Ts B8 conat  tut| ona

di agr am.undgr as_a sphere having a carbon

pot 2395!;{#180?1160_%99%119?83&, |oand cool i nggt he base netal .

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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8. The met hod according to claim?7, wherein after the
base netal is heated to the austenite region
tenperature, quenching and tenpering are perforned.

9. The nethod according to claim8, wherein heating of
the base netal to the austenite region tenperature is
perfornmed first in a first tenperature for pronoting
carburizing and nickel diffusion, and is then
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ni ckel - phosphorus plated | ayer fornmed by
ircl egtirehebssed akRly M 8 ibdrédcédvi ng a phosphorus
content of 15 mass % or |ess, the phosphorus content
is reduced if a carburizing quantity of the iron or
iron-based alloy is to be increased, and the
12phoshiher methodt astoidingrisr enyeoné foft tlaimesr Butoi k1 pwherein
quantity of the _iron or iron-based alloy is to be
the areie e iron-based mdlojds awennfacigred bynysong awroughts
7 to 11, mhereig tae.iron or iraon-based alloy is
mafgsialef andgopybased gintaredumateridhi erial or an

i ron-based sintered material. 31
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