Descri pti on ELECTRI CAL CONTACT AND ELECTRI CAL APPARATUS USI NG SAME
<Techni cal Field> The present invention relates to an electrical contact and
an el ectrical apparatus using sane. <Background Art> Various el ectrical
apparatus used at a site for transmtting, breaking or controlling electric
energy such as breaker have conprised various electrical contacts depending
on their practical function or electric load. As the material of electrical
contact, there is silver (Ag) having particles of oxide of cadm um (Cd),

tin (Sn), indium(In) or the |ikkeiLpéised therein. Anong them the
material -having Cd oxide particle dispersed in Ag matrix is practically
nost suitable for this kind of electrical contact and thus is still now
used in nany el ectrical apparatus. However, since Cd has toxicity, it has
been desiBIEdTROCHEVEINGBCE AEDePiEITRICAE| RBPARATUST GIPTAGt SPYDperties which
contains no Cd, that is, which is so-called Cd-free. One of candi dates of
such a material is a material having an oxide of Sn or in dispersed
therein. This material is excellent in so-called tenperature properties and
exhi bi ts aeclaws €heatirdigal resistivity and a good el ectrical conductivity,
that is, so-called 1 small contact resistivity during contact and thus is

suitable for Ihghtrdfad ehoshtislr-appas atdisnor) Wbl cheSUCRnRROPELtd es are
consi dered i nportant. However, when an electrical contact conprising this

material js eygg@&iggﬂﬁ gﬁgrgggg e aﬁ@| apparatus having a rated current
of 10 A or nore and reaki ng current of

<Background Art>

Various electrical apparatus used at a site for transmitting,
breaking or controlling electric energy such as breaker have
comprised various electrical contacts depending on their practical
function or electric load.

As the material of electrical contact, there is silver (Ag)
having particles of oxide of cadmium (Cd), tin (Sn), indium (In)
or the like dispersed therein. Among them, the material having cd
oxide particle dispersed in Ag matrix is practically most suitable
for this kind of electrical contact and thus is still now used in
many electrical apparatus. However, since Cd has toxicity, it has
been desired to develop a material excellent in contact properties
which contains no Cd, that is, which is so-called Cd-free.

One of candidates of such a material is a material having an
oxide of Sn or In dispersed therein. This material is excellent in
so-called temperature properties and exhibits a low electrical

resistivity and a good electrical conductivity, that is, so-called



1.5 kA or nore, a great breaking current flows through the contact during
breaki ng, causing nmuch consunption. Further, this consunption causes the
occurrence of so-called insulation drop, i.e., drop of electrical
insulation of the material or its surrounding. Accordingly, it is the
status of quo that this electrical contact cannot be used in such heavy

| oad el ectrical apparatus. Therefore, heavy |load electrical apparatus stil
conprise an Ag alloy having Cd el enent dispersed therein in an anount of 1%
by wei ghtsmeilnorrgiacteveni 4006y werighd comtaoteandshascontacttamaeefenl , and
Cd-free materials are used in only sone el ectromagnetic sw tches and

rel ays, ldghtadben rdeguitriogl | eppeontact onm eshsth Vetiyh - etepeForeexargl e,
referring to el ectronmagnetic switch, as contacts having a rated current of
100 A or cwBkedarsh capbaetsnhavi Ngowetdd , Vokhage aof 8beMriayd aceusiceurrent
of from1l.9 KAto 2 KA such as those for folk 1ift there are still used
cont act s ceRPL Ak THNPh €l rat @2 @MUAte @fin HOXEDYo NRIdBL 0f cADELBpa EXaP! es of
properties required for electrical contact include (1) weld resistance, (2)

t enper at YLg: ngharacllr tatiLse ide theal fitidde Shat 8, pf3k LRMReLALHE & r
characteristics after overload test, (4) tenperature characteristics after

durabi |14y stesly: fole! ASHall M RROREILLGRn? AIAGL RLEAK N EShralf)
consunption resistance, etc. Confirntng these properties on a single

mat eri al havinglgngya%ne chgggﬁgl E%bnuégggpn/j£kne st u%kyge, %Qe have a
trade- of £ F&1'%t i TnShip 98 uch™ a8 % hat*“Bet Gedh D °And (2" “A&E6r d'hgTy, in
the case where an electrjcal contact de of oqf_naterLal IS used, it is
necessarﬁonfﬁﬁﬁt%ﬂ&ffﬁs??53%98F?r?%ﬁﬁ?$§58Hf§lhi SEAFICEL T FUr t Her, t he

diversification of the sPecification of electrical contacts _
drop of electrical insulation of the material or its surrounding.

Accordingly, it is the status of quo that this electrical contact
cannot be used in such heavy load electrical apparatus. Therefore,
heavy load electrical apparatus still comprise an Ag alloy having
Cd element dispersed therein in an amount of 1% by weight or more,
even 10% by weight or more, as a contact material, and Cd-free
materials are used in only some electromagnetic switches and relays,
- contactor requiring low contact resistivity, -etc. For -example,
referring to electromagnetic switch, as contacts having a rated
current of 100 A or more and contacts having a dc voltage of 86 V
and a rush current of from 1.9 KA to 2 KA such as those for folk
lift there are still used contacts containing Cd in an amount of
10% by weight or more. Examples of properties required for
electrical contact include (1) weld resistance, (2) temperature
characteristics in the initial state, (3) temperature
characteristics after overload test, (4) temperature

characteristics after durability test, (5) insulating properties



(hereinafter sinply referred to as "contact") has progressed and the
specification of the periphery of contact, too, has been diversified. Thus,
there are sone cases where a plurality of requirenents which are in
trade-off relationship as nentioned above nust be present on one contact at
the sane tine at their ratio on practical basis. Under these circunstances,
it is necessary that the kind of contact materials be w sely used according
to various specifications of electrical apparatus. The first one of

char act erifser deragviioh hest, Hé)r apsuditticobeyes i1tangel odF € he CoefeERti¢al
contact made of Cd-free Ag alloy to replace Cd-containing electrical

cont act tbesel prepe calesapparatusnadac hatsr brledkasrings thel ¢amesicbemberl and

t he second of those characteristics are tenperature characteristics, which
are in tradeuddfiare! ainoashipcwid, hthwel dave edirstiancef relirt henshigi meeh it i s
inportant that a breaker can be stably used within a range having a
rel ati veky bhgh satwedncurnneahd and. breakiragneapacin yhe tcaise neeessaty t hat
consunption resistance and breaking characteristics, too, be raised to a
certain Leustyricahusntattenpds Javaebgenemade ikouyse, aitMaieheakbsbry
conmbination wwth 3 other materials excellent in one of trade-off

requi rengpLs SRethaterdney FfrormLa: FORNAS! e caRtaciceAMORG Lhese atd enpts,
conventional techniques relatively close to the present invention will be

descri bed . i tn F oL £. - & Pat ent . icati L Sscl osure
No. 58-%éggﬁglgﬁ%ﬁgapen?prp%icg ?d%%%?EE gsd?% E%_éggiﬁﬁblggﬁFéé %se

exampl es of compasit ¢ Q1 00-. the, eleclrical _contagls diselosed oip these
pat ent aﬁpFl cations eac ave a material excellent in "co sunpti on

S
resist an%ﬁeagge\é?!fgcé‘gfc!nﬁgpcghgl ?yggi%ierlyn ot ecgryggc C,e too, has been

diversified. Thus, there are some cases where a plurality of
requirements which are in trade-off relationship as mentioned above
must be present on one contact at the same time at their ratio on
practical basis. Under these circumstances, it is necessary that
the kind of contact materials be wisely used according to various
specifications of electrical apparatus. The first one of
characteristics whichmustbe raised in level-to allowtheelectrical— -
contact made of Cd-free Ag alloy to replace Cd-containing electrical
contact for electrical apparatus such as breaker is weld resistance,
and the second of those characteristics are temperature
characteristics, which are in trade-off relationship with weld
resistance. Further, since it is important that a breaker can be
stably used within a range having a relatively high rated current
and breaking capacity, it is necessary that consumption resistance
and breaking characteristics, too, be raised to a certain level.

Thus, attempts have been made to use a material in combination with



| ayer and a material excellent in breaking characteristics disposed in the
inner layer, and all these inventive electrical contacts are devised to
fairly interrupt arc by disposing an Ag- sn-In-based alloy in the surface

| ayer and di sposing pure Ag or a high conductivity material having a high
Ag content substantially in the inner layer. The former is devised to have
a considerably thick surface | ayer as conpared with that of the inner |ayer
(the thickness of the surf ace |layer is fromabout 100 to 300 pmwhile the
t hi cknestberimtamigdrs exegldienitsin raom abdurds00ff FeR2gemphysis? A3k of arc
interruption during short-circuiting and have a stepped seem at the

i nt er f acehew férn hecomprerl teagertdat .calrowf thoas ipeiohs ofcanvensiphate | ayer
so that even after the consunption of the surface | ayer above the seem by
arc, sonmeeghntiheesurtaseivaypercermi s tbeabkrevegsontnneretdioruseilOnbé he ot her
hand, the latter has a slightly thin surface layer (10 to 200 pn) as
conpar ed qaisthibbe feramrarhut-.has a greater anount of oxides dispersed in
the surface layer (for exanple, in the case 4 where the surface layer is an

Ag all oy havi ngo8n Badphs, owkgesesdli spessedngdiergitiont bestobahranosnt of
oxides is 10% by weight or nore) to have a raised hardness in case of arc

i nterruptsigan gdyi s Nthg $HOLAE Gippedbht Nn pIsREEstPESR ekechiicaliicentast s use
Ag or an alloy having a great Ag content as an inner layer, it is certain

that the LigpiaL e&éic%gxgoéf?{e %ro%miiﬂg.e”zlﬂ%t E?é‘c@!}’iréarlgcéﬂfé’ééfsmd&%%g&g %r I's

short, but, n the_ca where thesé electrical contacts are use
br eaker's [0 or.eakl pg, CULLEN A9 AT 88 ASH A, Aoy I, LS, AP ghended

that great arc cah“6ccur ko cause the consunption o ihe surface f%yer t hat
can be med: ately, Coll oped by weld Aoclent;c BULLDSL sHMg.d 9R.9Lcst oPPi ng
layer and a material excellent in breaking characteristics disposed
in the inner layer, and all these inventive electrical contacts are
devised to fairly interrupt arc by disposing an Ag- Sn-In-based alloy
in the surface layer and disposing pure Ag or a high conductivity
material having a high Ag content substantially in the inner layer.
The former is devised to have a considerably thick surface layer
as compared with that of theinner layer (the-thickness of‘the surface
layer is from about 100 to 300 um while the thickness of the inner
layer is from about 300 to 1,200 pm) in case of arc interruption
during short-circuiting and have a stepped seem at the interface
with the inner layer in case of consumption of the surface layer
so that even after the consumption of the surface layer above the
seem by arc, some of the surface layer remains to allow continued
use. On the other hand, the latter has a slightly thin surface layer
(10 to 200 pum) as compared with the former but has a greater amount

of oxides dispersed in the surface layer (for example, in the case



| ower Ag alloy materials and engaging the two Ag alloy materials wth each
other is poor in productivity and uneconom cal. Moreover, this attenpt
differs in object and nmethod fromthe present application, which is
i ntended to have inprovenments in consunption resistance-and insulation.
Further, Japanese Patent Application D sclosure No. 61-114417 discloses a
conposite electrical contact conprising an Ag alloy containing Sn and in
wherein the anount of Sn or In oxide, particularly Sn oxide, in the surface
| ayer iswémmkl ehet hanfadratlayefr tike annAer al dyerhavicworsdi rgdy Int hkgdewnt act
conprises a surface |ayer having a | ower hardness than that of the inner
| ayer andisbasse@xtitidietia, acthowertaduahaae: lodyeridonssnpde ory mesightasmce and
can easily cause weld accident when used as a contact for breaker. Further,
thi s pat epkelli 4 elavel & rehjseat hanthamt hadf4e08t tdie: phesentptaipgl daathen, 5
which is intended to have inprovenents in consunption resistance and
i nsul ati gporVOEEAMEItindapanesee Rty ARpkicaiil arbdastlsosdeengNer 40- 188710
di scl oses another two-layer conposite electrical contact. The el ectrical
contact @fi1bhi Sad- Ve @Batsad MsnRded £oran brgRker g baviNg & atedigurrent.
of 100 A or Tess. e two layers are a peripheral ?ayer excellent mainly in
wel d resi I F L EXCE] -0y N
char act ofTSH1 0 o BTt Rt T Byera e Ty ormosed of T
havi ng Cd,. _.Sn .an i .oxjdes. _disperse herein. ln this contact, th
ar dness Sof THE To’ 11y 7S CAvE THE SrBa s S8 o5t t he T TS St t he
surface _portion of the contact are controlled to gg%gst nainly.%he wel d
p

resi st and@TaRte Ve 8F P ThAIR EPEF PRIt 1869% 35 PEVEILS/By " the way,

t he hardness of the peripheral |layer of this electrical .
apprehended that great arc ‘can occur to cause the consumption of

Ag all oy

the surface layer that can be immediately followed by weld accident.
Further, the job of stepping the mating surface of the upper and
lower Ag alloy materials and engaging the two Ag alloy materials
with each other is poor in productivity and uneconomical. Moreover,
this attempt differs 1in object and method from the present
application, which is intended to have improvements in consumption
resistance-and insulation.

Further, Japanese Patent Application Disclosure No.
61-114417 discloses a composite electrical contact comprising an
Ag alloy containing Sn and In wherein the amount of Sn or In oxide,
particularly Sn oxide, in the surface layer is smaller than that
of the inner layer. Accordingly, this contact comprises a surface
layer having a lower hardness than that of the inner layer and thus
exhibits a lower surface layer consumption resistance and can easily
cause weld accident when used as a contact for breaker. Further,

this patent differs in object and method from the present application,



contact is 135 or nore on the mcrovickers scale and that of the inner

| ayer is less than 135. In accordance with this invention, an electrical
contact suitable for breakers having a rated-current of 100 A or less is
provi ded. However, this contact contains a |large anount of Cd and thus has
a toxicity problem Further, the Cd-free contact has a great dispersion in
actual use. In sone detail, the dispersion of bond strength after the
bondi ng of the contact to the base nmetal with a solder or the like is
great, anthiewehs nprtendas hentdonedpabueresntrotinorbysuhet consespetance i n
actual use but also its dispersion is great. This fact, too, is one of the
reasons why thellCd-ibnee Nordowvetr, nBdmTiegles Peaenth@ppdi €&t con thipclisedre 6 There
are various types of breakers and el ectromagnetic sw tches depending on the
manuf act wer ,10ratedl T udf efifoskis tdmeitheti Rab-1lager Scantbgitepesestr Fos1 exanpl e,
there are various breakers according to the difference of purpose, i.e., if
they are b@kachousebod e @iridadusditact’ 6F @aRel Abeft IGUEE DHtLRebhedr eaki ng
or for facilities or panel board, or if inportance should be put on price
or perfoiyRAGErs ARANG Bt YeeSiddcechhe SR®0I Al Satian of rigl eGlrhgddrs
apparatus is thus diversified, the contacts and its materials, too, have

di versi f'aﬁgt %p&&ﬁfﬂh%%'lolﬁléy%fCél!éé'l’ign‘komﬂk?l%? i%pl%@i&ti@sfis@%%cer gason why the

quality o e contacts versified Is governed by factors other than
t he specifigggiqp af

el egtiri¢al . ; Fatu Eor . &% Le, even apparatus
havi ng t i€ 'safe rate %é%%g? efﬁ&ﬁggkgAe%ﬁ§5% %5ﬁf%§§ag ?Eﬁﬁd?%g %ﬂ% t hus

require %pnéagés va&n vazjous . Shapes and sizes. Further, a.contgct i's

nor mal |y "08Ed- T Vel FOFRT B BBATALIC TECERBI YL bt APnat &Y BEREPNG 1 he

contact %% gnggﬁgogfﬁég dispersed therein. 1In this contact, the hardness
of the two layers and the area ratio of the two layers at the surface
portion of the contact are controlled to adjust mainly the weld
resistance and temperature characteristics to a proper level. By
the way, the hardness of the peripheral layer of this electrical
contact 1is 135 or more on the microvickers scale and that of the
inner layer is less than 135. In accordance with this invention,
an electrical contact suitable for breakers having -arated-current
of 100 A or less is provided. However, this contact contains a large
amount of Cd and thus has a toxicity problem.

Further, the Cd-free contact has a great dispersion in actual
use. In some detail, the dispersion of bond strength after the
bonding of the contact to the base metal with a solder or the like
is great, and even more, as mentioned above, not only the consumption
in actual use but also its dispersion is great. This fact, too, is

one of the reasons why the Cd-free contact materials can be

difficultly used.



and then connecting a lead wire thereto and the shape and, size of this
base netal and the neans for connection thereto are diversified. These
factors have a great effect on the actual perfornmance of apparatus.
Moreover, diversification is also seen in the presence or absence of parts
for breaking current called arc shooter or arc-extinguishing nmechanismfor
electrically or nmechanically extinguishing arc, the shape and material of

t hese nenbers and the disposition of these nenbers. These factors, too,
have a great @haet agr tveeligusuabpeharlcbeerkticsand appairmmagneThas, the
specification of the contact is greatly affected by the 7 diversification of
t he specishiicahiesniependpparcat ttss memt fored cabowrd edrattemttdrahhelis fonal
performance. On the other hand, as previously nentioned, anong requirenents
for cont aglerst heide purpcsese Irequisairpnes wheeh are ivartibadeiakhkers
relationship, and it is difficult to provide a contact material that can
satisfy aldcot-hengr equihement serdicdenmnslegosAccar.dinghy, thtyi arsegessary
that an electrical contact material nost suitable for individual electrical

appar at us,ReeRbR¥ idednaecordi RGr I nkhe1 Rardon RBNC e 2 0f h ividiaviidyalr rebectri cal
apparatus and the degree of freedom of design of periphery of contact. In

the 1ighte0fi;the. acdughnst HLrdl, NEr Flrfe_Su{ﬁB&rEa{%Vc%n%HB&ld ROpasesh %g@ééf ree

el ectrical contact excellent particularly in wel resi stance an

t t i sty i l e, Neld i ] Pat ent

hop! | cat 5P SO LB TET21 A EAnsbr T SiREE FERRcuERLEN o Lalnageag Paten

el ectrical agg rat.us electréﬁg tgonta%g avi%g. Qr%sion and an
C

S 1S thgg]dlve S1 con Y 1%% Sgalla 0

excel | ent®F& FRcal “MihsalatTont ST act qal tases whit e sg%rf¥fcfng SBhewhat

wel d res%ék%ngfzersified.specifications according to these apparatus. The
reason why the quality of the contacts is diversified is governed
by factors other than the specification of electrical apparatus.
For example, even apparatus having the same rated frame, e.g., 50A
have various structures and thus require contacts having various
shapes and sizes. Further, a contact is normally used in the form
of contact assembly obtained by bonding the contact to a base metal
and then:connecting a lead wire thereto and the -shapeand size of-
this base metal and the means for connection thereto are diversified.
These factors have a great effect on the actual performance of
apparatus. Moreover, diversification is also seen in the presence
or absence of parts for breaking current called arc shooter or
arc-extinguishing mechanism for electrically or mechanically
extinguishing arc, the shape and material of these members and the
disposition of these members. These factors, too, have a great

effect on the actual characteristics of apparatus. Thus, the

specification of the contact 1is greatly affected by the



and tenperature characteristics has been denmanded as well, a new nmateri al
on the sane material base as that of the aforenentioned patent has been
studied. As a result, the present invention has been worked out. An object
of the present invention is to provide an electrical contact conprising a
Cd-free Ag alloy or an Ag alloy having a small Cd content and having a
smal | er consunption (called excellent consunption resistance) in actual use
t han in conventional products, 8 a small| dispersion of consunption

resi st an€avesstettarirn ASuihg SPRECIHY G 88 3ARFTE tEREMT Vo9 Er 3PV i n
actual use as nmentioned above and an electrical apparatus using same.

<Di scl osgr&hef thee LhYenti BASITHREICect 97 &ae %‘é‘?ﬁragtanﬁr A BEEVBYUTHE present
invention conprises an Ag alloy containing Sn in an anount of from1l to 9%
by wei ghteahdo@Hi n amengnoteduigfer@¥by ¥ gitontiaatl usthese t rkessome han
0.01% by wei ght and has a two-layer structure conposed of a first |ayer on
t he surf aequsreeenther eofctandra seconthdeapéf orlehéonshiler shde itthersof
wherein the first |layer has an average hardness of 150 or nore on the

m crovi ckersiseht eedeirbredbya HoGtand aatdiicknesat oin ldatpmfgr aibrehand t he
second | ayer has an average hardness of nore than 130 on the m crovickers

scal e. Prehaf abthentd, he ravenageed.handoess refi v hetf is stedayseiryi 8nd00a0r nore.
- This electrical- contact includes an electrical contact- wherein the

average RacdpessaObohPL-SRE0SH d1a)6Lt QN1 LHS S2BR i$eakequas feptipned above
is the sane as or |lower than that of the first |ayer. The reason why the

amount ngggrg&é iﬂg rpggvﬁgeéi easc%otrbﬁﬁgoto 091’%’ performance of individual

electrical apparatus and the degree of freedom of design of periphery
of contact.

In the light of the actual state, the present inventors
proposed a Cd-free electrical contact excellent particularly in weld
resistance and temperature characteristics suitable for these
breakers in Japanese Patent Application 2001-011121. However,
since as a new specification of electrical apparatus, an electrical
‘contact -having - a: small abrasion and an:excellent - electrical
insulation in actual use while sacrificing somewhat weld resistance
and temperature characteristics has been demanded as well, a new
material on the same material base as that of the aforementioned
patent has been studied. As a result, the present invention has been
worked out.

An object of the present invention is to provide an electrical
contact comprising a Cd-free Ag alloy or an Ag alloy having a small
Cd content and having a smaller consumption (called excellent

consumption resistance) in actual use than in conventional products,



by weight in the present invention is that the Ag alloy is substantially
free of Cd. Further, the electrical contact of the present invention
preferably conprises In incorporated therein in an amount of from 1-'~ to
9% by weight in addition to Sn. 9 Mdreover, the electrical contact according
to the present invention may conprise at |east one selected fromthe group
of elenents consisting of Sb, Ca, Bi, Ni, Co, Zn, Cu, Mo, W G, Te, O
and Pb incorporated therein as additive conponents other than Sn and In.
The ter ma' smaihdéspassimediipnhepsiesarsistannti crcranst tixsulstithace on
the side in contact with the mating contact. Further, the present invention
i ncl udes rappeketts iagal 2 apparladusrasiivg  hedfuedenentaisonedt et rest pbedé

contact. This electrical apparatus includes a contact assenbly conpri sing
an el ectahidcah ebsdtacicadf apherpteseardirignwenti on and a base netal in

conbi nati on and an el ectrical apparatus using sanme for exanple. <Brief
Description of the Drawings> Fig. 1 is a view diagrammatically illustrating
an enbodi mrent of the electrical contact of the present invention. Fig. 2 is

a view di-agsampaticald rel hHSERBIAHNG anot her enbodi nent of the electrica
contact of the present invention. Fig. 3 is a viewdiagrammatically

|11 ustrating achur Lhereerbodidnia el JuBeiebecyi cal SRRt ofhBecpr esent

invention. Fig. I's a view diagranmatically |IIustrat|ng an enbodi ment of

an assently §£9&§ £OTRY L3100 108 SAGkT bhaln GANLASOTof MEJH 45281 s

i nvention unted on ase

by weight and Cd in an amount of 0% by weight, inclusive, to less
than 0.01% by weight and has a two-layer structure composed of a
first layer on the surface side thereof and a second layer on the
inner side thereof, wherein the first layer has an average hardness
of 150 or more on the microvickers scale definedby JIS and a thickness
of 10 um or more and the second layer has an average hardness of
more than 130 on the microvickers scale. Preferably, the average
hardness of the first layer is 190 or more.

-~ This etectrical~ contact includes an electrical wcontact
wherein the average hardness of the second layer on the same scale
as mentioned above 1s the same as or lower than that of the first
layer.

The reason why the amount of Cd is limited to less than 0.01%
by weight in the present invention is that the Ag alloy is
substantially free of Cd.

Further, the electrical contact of the present invention
preferably comprises In incorporated therein in an amount of from

1% to 9% by weight in addition to Sn.



In the drawi ngs, the reference nuneral 1 indicates a second |ayer, i.e.,

i nner layer, the reference nuneral 2 indicates a first 10 | ayer, i.e.,
surface | ayer, the reference nunmeral 3 indicates a connection |ayer, the
reference nuneral 4 indicates a contact tip, the reference nuneral 5
indicates a contract tip, the reference nuneral 6 indicates a novable side
base netal, and the reference nuneral 7 indicates a fixed side base netal.
<Best Mode for Carrying Qut the Invention> The el ectrical contact of the
present invent Momecoapy itdes edrctAjcal | aynteent acnendi@n Yo the amesett of from
1 to 9% by weight and Cd in an anount of 0% by wei ght, inclusive, to |ess
t han 0. Oi%vbytiseight empdiaze att Weakayetfie sidLcttdide feonpasedgpbu@m &1 r st

| ayer on the surface side thereof and a second | ayer on the inner side

t hereof, c10henes nedhaskihgtof aygr chassgn nayecagestacdness, af, £80 v&, nore on
the m crovickers scale defined by JIS and a thickness of 10 pmor nore and

the secord Layef, Naso2PodYeLadentalidngs sadfi vivke cbRgPndrdd @Reth€nan _
m crovi ckers scale. Preferably, the-average hardness of the first layer is

190 or mye., kefeinafter, when the hardness on the microvickers scale is
130 for exanple, 1t will be also represented by 130 nHv. This is an

el ectrical contact, substantlali ¥ (/86 Of B0l @, (ONLBGL S cithi ch s

. 't
an additive conponent, IS | sperse nt g matri x ormo

conpound, nar mal | xi de.. The reason why the ampunt of Sn is limted to from
Co0 T o, 0o BY =081 e st LnEreTRE: Mt o s 2eaZ8<Fnan 196 by wei ght.

the weld resistance in actual use is deteriorated. This is also 11
Further, the present invention 1includes an electrical

apparatus using the aforementioned electrical contact. This
electrical apparatus includes a contact assembly comprising an
electrical contact of the present invention and a base metal in

combination and an electrical apparatus using same for example.

<Brief Description of the Drawings>

Fig. 1 is a view diagrammatically illustrating an embodiment
of the electrical contact  of the present -inventiom. -

Fig. 2 1is a view diagrammatically illustrating another
embodiment of the electrical contact of the present invention.

Fig. 3 1is a view diagrammatically illustrating a further
embodiment of the electrical contact of the present invention.

Fig. 4 is a view diagrammatically illustrating an embodiment
of an assembly state comprising the electrical contact of the present
invention mounted on a base metal.

In the drawings, the reference numeral 1 indicates a second

layer, i.e., inner layer, the reference numeral 2 indicates a first
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because the consunption in actual use rises and, even nore, the dispersion
of consunption or insulating properties in actual use anong solid natters
or contact sites rises. The term"weld resistance" as used herein neans
capability of being itself fused when the electric circuit is blocked at a
predeterm ned |load to undergo no welding to the mating contact and thus
repeatedly performng electric current blocking function normally. on the
ot her hand, when the anmount of Sn exceeds 9% by weight, the aforesaid

t enper at urgechai act erdwtfiacs iLayact udie usdearpce detreriadr &t éddiFatehex, the
contact material can be difficultly subjected to plastic working at the

pr oduci ngoaheptosn tthged| Sper sedarewie hondrst Mengd hrarmeng comMtsact t5o) i d
matters or sites rises. As a result, the contact can be easily danaged, the

contact cae berpesied nekialhe bastcdmisala icBnacketal tifse e rhEeeontact can
be easily deviated in position on the base netal. The ampbunt of Sn is

pref er ablynbtom 2%l cA%BYya Wi ght1e sThe kb’aﬁ‘étsﬂl@t@@?: ihe sy frageranes age
hardness is limted to 150 nHv or nore is that, though duplicating the

af oresai d reasen ;Rardiedl arky. when L£dybsengiydncorporated or incorporated
in a small amunt, the consunption or its dispersion in actual use and the

di spersion of bond strength to the base netal can be suppressed, naking it
possi bl e to enhance the insulating properties. The surface average hardness

is preferabl 9 [_nore r referably 220 nHv or nore. Since the
obj ect of%ﬁﬁg %?é%g?% cRventidn ?%q¥5P6P3$P %P%%12 contact which can
mai ntai n a good consunpt.i o istaqgﬁgafter t he, consunption .of scores of

percents for e?ﬁﬁﬁ? qH%lgéEd%ﬁl é o e present i1nvention comprises an

Ag alloy containing Sn in an amount of from 1 to 9% by weight and
Cd in an amount of 0% by weight, inclusive, to less than 0.01% by
weight and has a two-layer structure composed of a first layer on
the surface side thereof and a second layer on the inner side thereof,
wherein the first layer has an average hardness of 150 or more on
the microvickers scale defined by JIS and a thickness of 10 um or
more and the second layer has an average hardness of more than 130
on the microvickers scale. Preferably, the average hardness-of -the
first layer is 190 or more. Hereinafter, when the hardness on the
microvickers scale is 130 for example, it will be also represented
by 130 mHv.

This is an electrical contact substantially free of Cd.

In any contact, Sn, which is an additive component, is
dispersed in the Ag matrix in the form of compound, normally oxide.

The reason why the amount of Sn is limited to from 1% to 9%
by weight is that when the amount of Sn is less than 1% by weight,

the weld resistance in actual use is deteriorated. This is also

11



hi gh hardness of the second | ayer acts to advantage. The average hardness
can be confirnmed according to the hardness neasuring nmethod on the

m crovi ckers scale of JIS. The hardness is confirnmed at a plurality of
arbitrary points, normally 5 points, in the first |layer or the second | ayer
on the contact surface, and these values are then arithnetically averaged.
The nunber of points to be confirmed is preferably 30 or nore. The

el ectrical contact of the present invention preferably conprises In

i ncor por akedusderted rcanzuapt aomuint pftudaloned % ise9%by, ewmenghbren @ddition to
Sn. Inis dispersed in the Ag matrix in the formof conpound, normally

oxi de, sSudfkparsyori @fSaondtrept vas@r Whyulde raympunpeotida dirs akitnhl edsd 0 thi s
range is that when the amount of In deviates fromthis range, plastic

wor Ki ng agafgbeocnmae dickbisult! e pftheet ed taBi Migeduri ngheproshict @ a-and t he
consunption resistance in actual use is further deteriorated. Further, when

the anbupts@ftdfEXaeedse PN iWehditts hpsui EMPELAt HE Eng GRakast erist i cs can
be. easily deteriorated, though depending on the anount of Sn which is

CO- preseph.p Pﬂﬁé &L A5 ot RerBIPUN 5 Qf1 hebSatf rOMA%dQ BlrelY 1985 G . By

the way, the electrical contact of the present invention may conprise the

foll ow ngghegents LosarRor phodiLhereln s addiy i ¥ey eoIBOneDLe obfter ¢ han

Sn and In. exa east one Sefecte romthe group consisting of

ti S | ci Ca bi 13.( Bi i ckel Ni bal t Co
o T ot PRt bR o BT RS G bl 11T Lt oy

tellurium (Te) chrom um (Cr and | ead used, The preferred

, Pb b d
content of theSB B%hEHtsh P%g)rwé‘?élnft}éed&ﬁ?/‘g% %’égsa%gxg%?%l9§tk§’dw? Itter ns of

el emrent are fromO0. 05 o ,
the aforesaid temperature characteristics in actual use are

deteriorated. Further, the contact material can be difficultly
subjected to plastic working at the producing step or the dispersion
of bond strength among contact solid matters or sites rises. As a
result, the contact can be easily damaged, the contact can be peeled
off the base metal in actual use or the contact can be easily deviated
in position on the base metal.
-~ ~The amount-of  Sn is preferably from 2% to 7% by -weight.

The reason why the surface average hardness is limited to 150
mHv or more is that, though duplicating the aforesaid reason,
particularly when Cd is not incorporated or incorporated in a small
amount, the consumption or its dispersion in actual use and the
dispersion of bond strength to the base metal can be suppressed,
making it possible to enhance the insulating properties. The
surface average hardness is preferably 190 mHv or more, more
preferably 220 mHv or more.

Since the object of the present invention is to provide a

12



to 2 for Sb, from0.03 to 0.3 for Ca, from0.01 to 1 for Bi, from 0.02 to
1.5 for N, from0.02 to 0.5 for Co, fromO0.02 to 8 for Zn, Cu, M, Wand
Ge, and fromO0.05 to 5 for Te, O and Fb. Wen the anount of these
conponents fall within the aforenentioned range, the deterioration of weld
resi stance or tenperature properties in actual use can be inhibited in sone
cases. Further, plastic working at the step of producing the contact
material can be easily effected. When the anount of these conponents

devi at e frorrehehafhr exenbiohetn & gAge, conkENebheuFSEiohanesiaditancesmy be
deteriorated depending on the kind of the breaker. As conponents other than
t he af or enmeathpReth cdnponest 1 rereenhaytde sixpopl pokatad usie ubeol | Bw ng
conponents in a slight amount~ so far as the object of the present

i nvent i ohiganhdedreccoryl tBheskecerkhdayemi hchs usedivhertemnafter is % by wei ght
as calculated in ternms of elenent. For exanple, at |east one selected from
the group conshéstiaRgrafe caatrame{LCetan bét BbHffldd acSiddimigi wa (Si9
titanium (Ti) and nanganese (WVnh) may be incorporated in an anount of 5 or

| ess, CenQbdfBsdmieerigohPa AL @G itheani AMMHMKPE 3c8le |O@SHIsS THRY be
incorporated in an anobunt of 0.5 or less, and Fe or My may be incorporated

in an ampubhnOfs Q.s1coffd.68% aFW }ofﬂéEal;@%@n@mistraqup@ﬁlwcggﬁ%ﬂfd in the
formof halide, including alumnum 14 fluoride (A F3) , chrom um fluoride

(CrF) aggbo. alci um éﬂegmgflgg%g;} thie@eaaaﬁgggg%oog{tnygegcw%%é gﬁ}ﬂ&,‘ ess as

cal cul at internms o nol ec I n anot t, e average

hardness _of, t.,he first | er,is fr t. | than 1 mMdv 1o | ess than
190 nmHv Sﬂg 1fkllﬂleese A’\?ELP%aea eart ﬁgsasr%mr{]%écgec n%rﬁrg)ggg'i glq}ehém‘s“%‘rer% %és or

I r than, . .
ower t g01nts to be confirmed is preferably 30 or more.

The electrical contact of the present invention preferably
comprises In incorporated therein in an amount of from 1% to 9% by
weight in addition to Sn. In is dispersed in the Ag matrix in the
form of compound, normally oxide, similarly to Sn.

The reason why the amount of In is limited to this range is
that when the amount of In deviates from this range, plastic working
‘can-be more difficultly effected mainly during production:and the- R
consumption resistance in actual use is further deteriorated.
Further, when the amount of In exceeds 9% by weight, the temperature
characteristics can be easily deteriorated, though depending on the
amount of Sn which is co-present.

Preferably, the amount of In is from 3% to 8% by weight.

By the way, the electrical contact of the present invention
may comprise the following elements incorporated therein as additive
components other than Sn and In. For example, at least one selected

from the group consisting of antimony (Sb), calcium (Ca), bismuth
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that of the first layer. In other words, the electrical contact of the
present invention conprises a substantially Cd-free Ag alloy and thus
exhibits a smaller consunption in actual use (that is, excellent in
consunption resistance), a smaller dispersion of consunption resistance,
excell ent insulating properties and a smaller dispersion of bond strength
to base netal than conventional ones as previously nentioned. There are
sonme el ectrical apparatus for which the electrical contact of the

p- r esent %BiventiorelcdNi be dodieiky (Usled zdepelidi) ngcerpert euspeawilfvbdatimn, and
speci fic exanples thereof include those having a rated current of 30 A or
| ess and @ohr, ealthdrecunWentgeafmana b k#e)or teedsribut(Teheyclsometumeésr have a
relatively high load and a small contact size. By the way, the tendency of
contact iznhdf D&ad SEB) IRly Bezgsaand thé gkREssred Rohhéntasethéssuakmants
apparatus, the contact is required to have good weld resistance and

t enper at W@ recBAf 8 10T Iistd 68 @dithuleMed IWhermyQade CORSMMRELOA-JrEsl 68 ance and
insulating properties. In general, this kind of an apparatus (breaker) is

of ten designed t osiel ierbRad €0 119K ol B ESAREN aklER d ichar acker it i ¢soQr wel d
by di sposing a mechanismfor relatively increasing the force of peeling the

contact s off, each s0FDeNyOf £20n AT BUPHILSSENG, MRCRAN B QL By JengE.easi ng

t he di aneter t'he base’ nmetal or lead wire to enhance heat radiation. In

this case, the olecfrical gontact, gt Eé‘"ﬁ RLESEO! Af”‘é%ﬁt RN i3, JIDLE
advant ageous I n ac ual ' u3e” than one’discl 6Séd Th apanese’ Pat ent -

Application 2002-01121. By the ...even t he apparatus having such a
Shoci 1 C ARt CaPriGIESEUFPTEP BT ALal Lo 58 PoP REca onee. range,

the deterioration of weld resistance or temperature properties in
actual use can be inhibited in some cases. Further, plastic working
at the step of producing the contact material can be easily effected.
When the amount of these components deviate from the aforementioned
range, the consumption resistance may be deteriorated depending on
the kind of the breaker.

As components other than the aforementioned components there
may~be incorporated-the following components in a slight amount: so -
far as the object of the present invention can be accomplished. "The
unit as used hereinafter is % by weight as calculated in terms of
element. For example, at 1least one selected from the group
consisting of cerium (Ce), lithium (Li), strontium (Sr), titanium
(Ti) and manganese (Mn) may be incorporated in an amount of 5 or
less, Ge or Ga may be incorporated in an amount of 3 or less, Si
may be incorporated in an amount of 0.5 or less, and Fe or Mg may

be incorporated in an amount of 0.1 or less. Further, components

may be incorporated in the form of halide, including aluminum
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characteristic to contact unless the contact which is nost suitable anong
the af orenentioned various forns is used according to the detailed
specification. It is therefore necessary that the aforenentioned el ectrical
contacts having different forns be used properly according to the
difference in the formof assenblyinwhich the contact is nounted or the
specification such as rated capacity of electrical apparatus. In the

el ectrical contact having a two-1"'ayerstructiareof the present invention,

t he propeluboiaell(at Fo-,nehodmiagdi Tuord deotfpdhkering dalctihe Supfrade &ad:the
interior, the thickness of the surface and the proper hardness bal ance of
the two liayehsamanet cont3olbedveaghenti dass abovel 4udagebHanoetehes haf dness of
both the surface and the interior nore than ever in particular. In this
arrangemgitiectibe. el ectrical contact of the present invention is suitable
for higher load electrical apparatus which are required to have consunption

resi stance and rhnsst@ldNgmps ORI, €82 ARt ceMRIY a R SABdde=Ai Spassl onréH act ual
use. The reason why the thickness of the first Iayer in the 16

af or ementi, ?Bﬁdlst WO AR sRhEELE ItGah CONLAGT té S elsisM 60 168 4 BMdOEhe more is

t hat when the thlckness of the first layer is reduced further, the

t enper at y| r C eterjor t he

ot her hangg mﬁ%ﬁ%}CEI ﬁness %?Lgﬂe f%i?glgvgr%T% %%éhgﬁgggg thﬁﬁ
productl%g % d Preferably, the thickness of the first layer is
from 20 [|n1 t |¥Eness of the first |ayer |s confirmed on a
section perpendicyl ar to t rface of the contact sone detail, this
surface i s obséPvedrdero™ V éh i% g’ ??ﬁ?%?ﬁlc e oPTERE T £ r st

| ayer is confirmed on 5 points in the dlrectlon parallel_to
invention comprises a substantially Cd-free Ag alloy and thus

exhibits a smaller consumption in actual use (that is, excellent
in consumption resistance), a smaller dispersion of consumption
resistance, excellent insulating properties and a smaller
dispersion of bond strength to base metal than conventional ones
as previously mentioned.

There are some electrical apparatus for which the electrical
contact of the present:invention can be fairly used depending-on - -
the specification, and specific examples thereof include those
having a rated current of 30 A or less and a breaking current of
2.5 kA or less, but they sometimes have a relatively high load and
a small contact size. By the way, the tendency of contact is for
smaller size and thickness. In the case of such an apparatus, the
contact is required to have good weld resistance and temperature
characteristics and, even more, good consumption resistance and
insulating properties. In general, this kind of an apparatus

(breaker) is often designed to eliminate risk in temperature
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the surface of the contact, and the neasurenents are then arithnetically
averaged to determ ne the thickness of the first Jlayer. By the way, in this
two-| ayer contact, there may be present a hardness distribution in the
various | ayers. For exanple, the various |ayers may have portions have a
smal | concentration of Sn and In, -but -even -in thi'sf -case, there are no
problens so -f ar- as the average hardness of the various |ayers satisfy
the aforenmentioned critical value. However, the portion called thin |ayer
in the centesctofidthescort aeldi By edTpriachgl Bomethen Pasitrerenttofe bar dness.
The average hardness of the two |layers is determned by arithmetically

aver agi ngntheadatp tofe AbEEOWCIKEESihgrenessneantd rdrEdeadh > RIMLS ah N the
t hi ckness direction, including the points in the vicinity of the upper and

| ower en%co;u%;h&s@rﬂg%écﬂ@aﬁ%rns@r iy 1hed2AngNthOh Lhe MAbiEQUS bay&rs on a
section perpendicular to the contact as nentioned above. 17 in the

two-layepelectrifaly ¢ontact Sind1e RLgsePlai fMENLI Ofh tNergsks a,case
where the average hardness of the two layers may be the sane or there is a

har dness ?%LLPL§Q§%x%%a%?eoPoﬁgg&ﬁ%ge%@einJéA£ %n|§¥e£of%r£%g$%t§888ng | ayer.

e .
In the | atter case, I's bor der as a reglion having a hardness I nt er medi at e

bet ween that of the t | ayers, that is, rdness | 1ing withip, a range of
rom | ese t ASRI2E NE°T OWER PP BLB1 HeF s S Br At re 1175t PRYS-EDFBr e than
the upper. limt of hardness of the second |ayer (hereinafter referred to
al so as29PAtRtiredi at EYpoltT offay” . ﬁ%%‘tﬁ?%kﬁé?@r%Tu%hPEV%Q%i6%“%hr?es with
t he degree of the progress of interlayer heat diffusion or the depth of
wor k str &PRCBFLI@TIRR cofBiRént sSHHEI I NALYt hét§fep ofPAg PEFEeYRARCRuri ng
production. There is a case where the thickness of

characteristic to contact unless the contact which is most suitable

among the aforementioned various forms is used according to the
detailed specification. It is therefore necessary that the
aforementioned electrical contacts having different forms be used
properly according to the difference in the form of assembly in which
the contact is mounted or the specification such as rated capacity
of electrical apparatus. In the electrical contact having a
two=layer structurewof thepresent invention; the proper-formulation ~ --- -
of additive components in the surface and the interior, the thickness
of the surface and the proper hardness balance of the two layers
are controlled as mentioned above to enhance the hardness of both
the surface and the interior more than ever in particular. In this
arrangement, the electrical contact of the present invention is
suitable for higher load electrical apparatus which are required
to have consumption resistance and insulating properties and even
a small dispersion in actual use.

The reason why the thickness of the first layer in the
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the internediate portion is extrenely small or substantially none. For
exanpl e, the electrical contact of the present invention may have a
successi vely continuous or stepwi se drop in the thickness direction also in
the border of the two |ayers so far as the- aforenentioned range of
constitution is satisfied. Such a functionally graded structure can be
obtained, e.g., by lamnating and contact-bonding three or nore | ayers of
Ag alloy materials having different chem cal formulations, controlling the

heat trealfRBhentodWlid kQBS12}et RSt LP-Hf Adratt QW NPnDEeAEdi NG WO5K
hardening treatnent at the final step. The present invention includes those

falling wdri s ther vAEQraBRMiicRAGEs bange: of r 1ask e £0BfH-gutat irartwber ei n the
first layer and the second | ayer have the sane chemi cal formulation. The

reason 1%H@H@ﬂﬂ@%akwgekﬁ%&%@t@@¥§%£ﬁﬁo§%@EdQH%EEQQLcé%&@Hkﬁkh@@r@@édhaVe
different hardness levels is that their fine structures are controlled. The

present igwent Lofloahsfal tekudss thosedaldd g.within. s?lsatagggsgt'oned

range of basic configuration erein the content o n and ev n"in the

first Iayer are thgusaqgmag%or greater th@n thattgf thelgggond '9%

predeternlnr ? anount nin Pr?rrs Vayer to be greater t%an that
of the second | ayer, . i s al nost assured that the hardness of the first

| ayer caﬁiﬁéthrﬁﬁ%?3Fh§ﬁ°Fhap toflihd"second | ayer. By the way, the

el ectrical contact of the:Present i hvention needs to he connected to other
menbers such adPfatBIFESAS BéchtR e 155t LaYRbuUI &OPEATECDrEakePE AL DT di ngl y,

the electrical contact nay have a thin connection |ayer made of netal such
as pure A@r@ﬁﬁdlcular to the surface of the contact. In some detail, this

surface is observed under optical microscope, the thickness of the
first layer is confirmed on 5 points in the direction parallel to
the surface of the contact, and the measurements are then
arithmetically averaged to determine the thickness of the first
layer. By the way, in this two-layer contact, there may be present
a hardness distribution in the various layers. For example, the
various layers may have portions have a small concentration of Sn
and In, “but-even in this-case, there are no problems so-far-as-the ~ -
average hardness of the various layers satisfy the aforementioned
critical value. However, the portioncalled thin layer in the center
of the contact is excluded from the measurement of hardness. The
average hardness of the two layers is determined by arithmetically
averaging the data of microvickers hardness confirmed on 5 points
in the thickness direction, including the points in the wvicinity
of the upper and lower ends of the various layers, in the region
of the various layers on a section perpendicular to the contact as

mentioned above.
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sol dering material provided on the side of the second | ayer opposite the
-first layer to- nake it easy for the electrical contact to be connected to
ot her nmenbers such as base netal. By the way, this layer nay be in the sane
formas netal |ayer comonly provided for this Kkind of purpose. Figs. 1 to
3 each diagrammatically illustrate an exanple of section of the contact of
the present invention, but the portion shown by the reference nuneral 3 in
these views is the connection layer. By the way, the portion represented by
t he reference munereatwo+ldigert bkedtiristall ayeracandt the ppestnonnveptésent ed by
the reference nuneral 2 is the second |layer. shown in Fig. | is the case
where 19 thbeefissd daapewhenet tiee stitcfrage Barhndss bar ore ©fb argesisdraand shown
in Fig. 2 is the case where the second layer is forned both on the back

surface aadcsédensUblagsrd\Nexta rriBtBed OffepeadyCim@nkheo ehdctori €aé cont act
of the present invention wll be described. The contact of the present

i nventi 0&1r§tbf§§!'é§:alalnM HER_EBHA bYa DS, the SarkePrasedug Asothat  of
this kind of Ag al on whi ch has heretofore been practlced For exanpl e,

mel ting/ %%%t% q?cast £ VQ'%‘%%HEQE Jthe Qh\é‘dﬁgt&ﬁo%%g%eéxat':bfSctﬂeytxﬁé ngot s

whi ch are suc at t emcal fornulation for the first

| ayer ang { Q%sset%gancd Layer gre. Lor1ied, ate, br epared. and Lhen Joughly ol | ed,

and the two rofle naterla s are %contac d to each other Duri ng

this ed ereafter orenent.i_oned th|n nnec |on | ayer of
bUr o A GPe HEa KM S g SEPSBOTHERE (6 Ehe 8T BUMREE STAl it CPRBRLesary.
This is further rolled to_forma hoop haV|ng a, predeterm ned thickness

whi ch i s ‘£HEh PuRERBEPST Of UrhaPoPBY NEd F olnereinarter referred to also

as “intermediate portion”). The thickness of this region varies
with the degree of the progress of interlayer heat diffusion or the
depth of work strain of alloy components mainly at the step of Ag
alloying during production. There is a case where the thickness of
the intermediate portion is extremely small or substantially none.
FPor example, the electrical contact of the present invention may
have a successively continuous or stepwise drop in the thickness
‘direction also in -the border of the two layers so -far as -the - -
aforementioned range of constitution is satisfied. Such a
functionally graded structure can be obtained, e.g., by laminating
and contact-bonding three or more layers of Ag alloymaterials having
different chemical formulations, controlling the heat treatment
conditions at the step of Ag alloying or adding work hardening
treatment at the final step.

The present invention includes those falling within the
aforementioned range of basic configuration wherein the first layer

and the second layer have the same chemical formulation. The reason
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obtain an Ag alloying material having a size close to that of the final
shape, and this material is then internally oxidized to convert netal
conponents such as Sn and In to oxide. By the way, prior to nelting/
casting, compounds other than oxide of constituent elenents my be

i ncorporated. Further, a step of adjusting oxidizing conditions or

adj usting heat treatnent or shape properly after rolling is added. In this
case, the oxidizing or heat treatnment conditions can be devised to
consciously control the fine structure of the various |layers, making it
possi bl e "8 ERANGE® L YTt I 26 CRAFaCPEFTSH] COBPLAESCT URF . e
distribution in the contact, etc. wth the aforenentioned hardness

cent er ed SRS Her PEEIRF Tl §VEbNt 151 WHE HaldiesS TevEFTASHYRESt h2Fe cont act
of the present invention, a nethod is effectively used in its production
whi ch compPtsesl&®eping the material at a tenperature |ower than ordinary
oxi di zing tenperature, and then raising the tenperature to a higher value
at which it isThhgrresendi Yoty onaglsotnekeadgd ehomrfadianplw than e
oxi di zing step, one nmethod conprises keeping the material at a tenperature
of arounaf60&6&htigmegboatg? ofhipuris tonéfdwectit ipnewheausirhehtiqegteandof hen
raising the tenperature to 750'C at which the material is then oxidized.
Dependi ngnoand herendesi fedHuardnessld wrehret tiee pragel assoheatiangrt timn may be
prol onged or, after oxidization, the material may be kept at a tenperature

| ower thanathg afer_rBAti 0Ned . efeptastd REMAt the anbiint Rirssiehhetk  the
oxidizing tenperature is predetermned to be |ower than ever to reduce the-

size of trhesdiispersedupayddaebesrafhn odderathed fecsHePayOf, REOQ §58 Of
oxi dation reaction, making it possible to provide a higher hardness | evel

to advamagggre(li:'ﬁrhgleeghe hQr@ﬁgg oG Eﬂ:@t layer can be higher than that

of the second layer.

By the way, the electrical contact of the present invention
needs to be connected to other members such as base metal because
it is mounted in a breaker. Accordingly, the electrical contact may
have a thin connection layer made of metal such as pure Ag and
soldering material provided on the side of the second layer opposite

“the first layer to make it easy for the electrical contact to:be -
connected to other members such as basemetal. By the way, this layer
may be in the same form as metal layer commonly provided for this
kind of purpose. Figs. 1 to 3 each diagrammatically illustrate an
example of section of the contact of the present invention, but the
portion shown by the reference numeral 3 in these views 1is the
connection layer.

By the way, the portion represented by the reference numeral
1 is the first layer and the portion represented by the reference

numeral 2 is the second layer. Shown in Fig. 1 is the case where
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an even higher hardness level, it is necessary in sone cases that the
tenperature be predetermned to be 600' C or |ess, further 400'C or |ess,
still further 200'C or less. In this case, the retention tine is prol onged
to 10 hours or nore, even 20 hours or nore. It is also advantageous to
predeterm ne the oxygen pressure at oxidation to be 3 kg/cm or nore, even
10 kg/ CM2 or nore. In order to further raise the hardness |evel on the
surface side and the inner 21 side, it is inportant to properly control the

t enper at wiQ, i€ 1804y JH eBSW e idtet Bea&Qur serfa exi stad sene daperdbng on the
desired level. For exanple, it is also advantageous to raise the oxygen

pressure ;. t ;& he akopgaenticongd L el sek-APnauhi | & dearbngotiennaherial at
the oxidizing tenperature. By the way, the aforenentioned nethod is

advant aggQus ?L?PacéQu%P§18@S§u¥f§{§.a powder netallurgy described bel ow or
the previously nentioned step o am nating plastically-wrked plates is

enpl oyed. A poywder netall.urgy e _enplgoyed.a | Ear, _exanpl a
ngt aurg%thaogzgé)ﬁfn?}%(%gu%{@ tcfye ele%t%c%]é COQ’l alg)éero@ ghe

conmpound of el erénf s m h™a fine oxi or conmpound i s
produced or a pew co ound.ircg a%ﬂg¥Lg§ isﬁ?%pdg% d Q¥ q%%tigg ang an Ag
powder aP&SSPRYI GUSTRF IR &d 1T nPt e Tréd&fer mite G Far Ml at i SnE = 5RA" t hen
subj ected to heat treatnent as necessary. The two powders thus obtained is
| ami nat ed"VEREARR 18RAS (P RSRATSATT HEY P T+ APFoiddstRr SRR 2° pFeform one
conposition muy be used to obtain a preform subsequently, this preformis
subj ect e@ft Bhpt dstnidcohdrkprrdoy sl SaggigicdotPRereaaprpet et af9r net hod
such as hot extrusion, hot/cold rolling and hot forging. Further, as in the
af or enenteixempde, melting/casting method involves the following procedures.
Firstly, ingots which are melting/casted such that the

chemical formulation for the first layer and the second layer are

formed are prepared and then roughly rolled, and the two rolled

materials are hot contact-bonded to each other. During this

procedure or thereafter, the aforementioned thin connection layer

of pure Ag or the like is contact-bonded to the rolled material as

necessary. This is further rolled to form a hoop having a

predetermined thickness which is then punched-or further formed to-

obtain an Ag alloying material having a size close to that of the

final shape, and thismaterial is then internally oxidized to convert

metal components such as Sn and In to oxide. By the way, prior to

melting/casting, compounds other than oxide of constituent elements

may be incorporated. Further, a step of adjusting oxidizing

conditions or adjusting heat treatment or shape properly after

rolling is added. 1In this case, the oxidizing or heat treatment

conditions can be devised to consciously control the fine structure

of the various layers, making it possible to change the material
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casting nethod, a step of adjusting the oxidizing conditions or a step of
adj usting heat treatnent or shape after rolling is added. Further, after the
formation of the material according to the aforenentioned procedures, the
first layer may be fornmed by any netallurgical nethod such as thick |ayer
formng involving spray 22 coating, CVD or the like, thick layer printing
involving screen printing or the like and printing after spreading.
Moreover, for the bonding of the two alloy plates, various nethods such as

di ffusi on,RaREEPYs ¢ NUOLYVING Nofe NY dF 9Stiak kCHRF £55 Yh - HOEFH 11 GNde Bot
extrusion may be applled Further, heat treatnment nmay be effected to

consci oug);y  CRALT Qf o LM 1%%e§tﬁé$éﬁgéé Qtntbecyarious layers, making it
possi ble to obtain deS|red characteristics. As methods of controlling

hardness, therg a %O‘a’%”c “élé@é t}%q:%nt?cyﬁﬁnp{\%o I\C,’aq eJhOWe%_SL' des;fhe,e

af or ement i oned “Het or exa conprlses rapidly

heating a t he f.irst Iayer Phoh%jggg%ac alneg q¥ t he

| i %

aforerrentlo(?ﬁ@ﬁg fqﬁﬁ P%e?gpéénvFﬁ *Pesituls resSTof Sthe 1 P8E° wyer
greater than that of the second  |ayer and a nethod which conprlses
subj ect i ﬁﬁsd?ﬂ%ﬂ‘%cﬁéoﬁwhs%ﬁ“fp&&éesl“ff@ﬂnﬁ&h?ﬁbﬁteiﬁ%?%a HYePEFRERT® wor k
har deni ng are used. Further, there nay be used a nethod which conprises
subjectigﬁwﬁﬁetﬂgna$¥Q%PaﬁM 8é i B AR At AL HBRL #r At iTGRsEBIhBEe rol 1§ ng
or-cold rolling, i.e., so-called thernonmechanical processing
(t her nongehaairebiire grrogeBsyhry vieduehet afhdrcanehtividgnnexhdizedaky vaen
subjecting the Ag alloy plate to internal oxidation so that fine acicular
oxi de paiftecimgd ewhi Bdr exandlianert thapxiditimg stepndnt apshodrrempepaeat ed out
inthe first layer to raise the hardness of the surface. Mreover, there
may be usedpanfethochateir-eR1 COTRY ikspRfechong Bg hhsudoraiong fat bBout 2

hours to effect previous heating, and then raising the temperature

to 750°C at which the material is then oxidized. Depending on the

desired hardness level, the previous heating time may be prolonged

or, after oxidization, the material may be kept at a temperature

lower than the aforementioned retention temperature. In thismethod,

the oxidizing temperature is predetermined to be lower than ever

to reducethe size of the dispersed particles-of-oxide at ‘the step -

of progress of oxidation reaction, making it possible to provide

a higher hardness level to advantage. Further, in order to attain

an even higher hardness level, it is necessary in some cases that

the temperature be predetermined to be 600°C or less, further 400°C

or less, still further 200°C or less. In this case, the retention

time is prolonged to 10 hours or more, even 20 hours or more. It
is also advantageous to predetermine the oxygen pressure at
oxidation to be 3 kg/cm’ or more, even 10 kg/cm’ or more. In order

to further raise the hardness level on the surface side and the inner
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of the first layer and the second | ayer during the aforenentioned rolling
or hot contact bonding. An exanple of the nmethod of producing the electrical
contact 23 of the present invention and an exanple of the contact assenbly
and electrical apparatus using the electrical contact of the present
invention will be introduced in the follow ng exanples. - Exanple - (Exanple
1) As the first layer (surface layer) on the surface side and the second

| ayer (inner layer) on the inner side, two Ag alloys having the chem cal

formul atiQas as: $8tidyrtAnt tTBbbEed YREE LSk duadldatatiBLt adrandngasted to
prepare ingofs. These ingots were each roughly ~worked, |amnated on each
ot her, a%?egggpe honded L,0,-68%0F BLNSL: Aln a830nE AN RS gOU; Alqspbere over a
heated roll to prepare a conposite mterial cornposed of two |ayers of Ag
al | oy. Tq%rco osite. mterial _thus obtained was preheated under the sanme

Y. . §
condi ti ofST FRAA Thih Tpute A Pr At e was fhen hot “contact - bbhded to t he

conposite terial on_the ck side thereof.opposi.te the front surface
Chor oot | 6 BIC I R TERF RRE o L1 Gt hnbS R e AR TIAIr BT m s

-connection layer. The first |ayer and the second |ayer will be hereinafter
referred ™6 83195urThdEPay8F YT and "i nner layer", respectively, in the
exanpl es for conveni ence. Thereafter, the I am nate was cold-rolled to obtain
a hoop- shaped Bifat e i &Y withe ha heieremén opaf crddrocdo 1 pr aPeamd- 29 CofpdsTe e
contact tip of two shapes, i.e., shape A having a width of 7. 5 nm a
| engt h ofing ting; aredea wheirek rregxonster2 mahadadreiapes 8 Hesd nigeleovin @it htheof S nmm
a length of 5 nmmand a thickness of 1.5 nm The vari ous

previously mentioned step of laminating plastically-worked plates

is employed.

A powder metallurgy may be employed as well. For example,
a compound of element such as Sn from which a fine oxide or like
compound is produced or a new compound such as oxide is produced
by heating and an Ag powder are previously mixed in two predetermined
formulations, and then subjected to heat treatment as necessary.
The two powders thus obtained 1is laminated, packed and
‘compression=molded in @ mold to obtain a preform. -

One composition may be used to obtain a preform.

Subsequently, this preform is subjected to plastic working.
As its method, there may be used any method such as hot extrusion,
hot/cold rolling and hot forging. Further, as in the aforementioned
casting method, a step of adjusting the oxidizing conditions or a
step of adjusting heat treatment or shape after rolling is added.

Further, after the formation of the material according to the
aforementioned procedures, the first layer may be formed by any

metallurgical method such as thick layer forming involving spray
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tips thus obtained were each then kept at 750'C in a 15 atm at nosphere 24
for 210 hours to prepare various contacts as Sanples 1 to 34 and 7' and 7"
set forth in Table 1. In the course of oxidation, in order to obtain
desired hardness, the tenperature was raised stepwise in the range of from
200 to 750'C until it finally reached 750' C under different conditions for
each of tips. The average hardness of the surface |ayer of the various
sanpl e contacts thus obtained on the mnicrovickers scale and the thickness
of the suchateg) ayer ar erzetlikker thi¢h IEakire ptibelow. iBylithegwayreéme
hardness of the inner layer is lower than that of the surface |ayer except
Sanmpl es FFiafdngd"or Foe i hee naaspteneig eff tayespsuges ialgdnaess;edvee , nt6r ovi cker s
har dness was neasured on a section along the direction perpendicular to the

surface ahddMagicgushsaaplel1eontacts, eacho @ mcStPOdNESch akRGlredEngn t he
upper and |l ower ends of the various layers in the thickness direction, in

each regignd@hqgtiRGostlf@aet At saRdid Peesd NEEIAVES an@Rdt tehitSuk Pbn Was
conducted at 6 sites inthe vicinity of the -center -of the sanple. The

ari thmet irr%lydrE?ea”agsﬁietd*!eseF@PchéEa%Méat St Aen, def i peg. 4.9 pef he

average hardness of the various |layers. By the way,” in the case ere the

t hi ckness, of the r : fected at 30
poi nts iﬁonfﬁéo ?% C?ﬁgﬁgbgﬁéﬁﬁgﬁgﬁgﬁgﬁgkg5??%%%559??%%%%§ﬁf%bﬁék u?ther,

t he thicﬁness of tqg S Qface | ayer wg% negsureg.at 5 points in the
direction paPEFTRIE ' (h&3&ir FEEE T TREEP LR IHe vicinity of the center
of the sane section, and the arithnetic nean of these 5 neasurements was

then defined t & BETIRESIHi ERABERL DG e WiFSFackd e Sayes Vapsous methods

exemplified below besides the aforementioned methods. For example,

a method which comprises rapidly heating and cooling only the first
layer of the contact obtained by the aforementioned method to raise
the residual stress of the first layer greater than that of the second
layer and a method which comprises subjecting only the first surface
layer to shot blasting to effect work hardening are used. Further,

there may be used a method which comprises subjecting the Ag alloy
plate tovheat treatment in addition to hotrrollingor-coldrolling,

i.e., so-called thermomechanical processing (thermomechanical
processing) in the aforementioned method, and then subjecting the
Ag alloy plate to internal oxidation so that fine acicular oxide

particles which are finer than in the second layer are separated
out inthe first layer to raise the hardness of the surface. Moreover,
there may be used a method which comprises changing the forging ratio

of the first layer and the second layer during the aforementioned
rolling or hot contact bonding.

An example of the method of producing the electrical contact
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Table 1 Chem cal fornulation of additive conponents W-% Surface |ayerlnner
| ayer Surface | ayerlnner |ayer Sanpl Average Thi cknes Average e np
Snl nQ her sSnl nQt her shar dnes s hardness No.s (nmHv) ~m (nHv)
1*0: 80.9-1.21. 2-14040120 21.51.2-11.2-15040132 32.42.2-2.22.1-16540142
42.98-2.22.1-17350152 593. 1-8. 62. 1- 27050163 63. 43. 4- 3. 23. 1- 18550173
755- 4. 45- 19350183 875-65-22450193 985-7. 85- 30550133
10*9. 28. 2-9. 18. 1- 31050120 111.21.2Sb1.21.20.2Sh15150140
122. 32. 292 A2 .pi@ s28h 18850164 n1321 39Sh2ariA <10f 28192TA3assembly and
electrical apparatus using the electrical contact of the present
invention will be introduced in the following examples.
- Example -

(Example 1)

As the first layer (surface layer) on the surface side and
the second layer (inner layer) on the inner side, two Ag alloys having
the chemical formulations as set forth in Table 1 were individually
melted and casted to prepare ingots. These ingots were each roughly
worked, laminated on each other, and then bonded to each other at
850°C in an argon atmosphere over a heated roll to prepare a composite
material composed of two layers of Ag alloy. The composite material
thus obtained was preheated under the same conditions, and a thin
pure Ag plate was then hot contact-bonded to the composite material
on the back side thereof opposite the front surface thereof to a

~final thicknessof 1/10-0of the total thickness to-form-a connection
layer. The first layer and the second layer will be hereinafter
referred to as “surface layer” and “inner layer”, respectively, in
the examples for convenience.

Thereafter, the laminate was cold-rolled to obtain a
hoop-shaped material which was then punched to prepare a composite
contact tip of two shapes, i.e., shape A having a width of 7.5 mm,

a length of 8 mm and a thickness of 2 mm and shape B having a width

of 5 mm, a length of 5 mm and a thickness of 1.5 mm. The various

tips thus obtained were each then kept at 750°C in a 15 atm atmosphere
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1493. 1Sb2. 22. 10. 2Sb26050153 153. 43. 4Ni 3. 23. 10. 2Ni 22350173
1655Ni 550. 2Ni 29950162 1799Bi 98. 90. 213130050193 18*9. 29. 2Bi 89. 10. 213132050120
1955 Sb, etc.55Sh, etc.300 ,. ,.. 8143 2055Sh, etc.55Sh, etc.28711143
2155Sh, etc.55Sh, etc.28626143 2255Sb, etc.55Sb, etc.28632141 2355Sb,
etc.55Sb, etc.28670140 2455Sh, etc.55Sb, etc.286118143 2555Sb, etc.55Sb,

etc. 286360144 2655Sh, etc.55Sh, etc.286950142 Thicknes 2755Sb, etc.55Sb,
etc. 286s of 286 contact 2855Sh, etc.55Sb, etc.30350140 2955Sb, etc.55S8b,

ot C. 3155415423023y 2023epa 2817050151 34¢ 20N 2Z82RM o= Z140501204324- N,
Zn4-Ni, Zn27050143 33*1.8--7.8--14050145 34*3.43. 4-03. 1-13020093 26

7’545418850;§37Z1s§é§é;§§§94ﬁg%le 1. 1In the course of oxidation, in order

to obtain desired hardness, the temperature was raised stepwise in
the range of from 200 to 750°C until it finally reached 750°C under
different conditions for each of tips. The average hardness of the
surface layer of the various sample contacts thus obtained on the
microvickers scale and the thickness of the surface layer are set
forth in Table 1 below. By the way, the hardness of the inner layer
is lower than that of the surface layer except Samples 33 and 7”.

For the measurement of average hardness, the microvickers
hardness was measured on a section along the direction perpendicular
to the surface of the various sample contacts each at 5 points,
including the upper and lower ends of the various layers in the
thickness direction, in each region of the surface layer and the
inner layer, and this job was conducted at 6 sites in the vicinity
of - the-center -of ‘the -sample. The arithmetic mean -of these 30
measurements was then defined to be the average hardness of the
various layers. By the way, in the case where the thickness of the
surface layer was small, measurement was effected at 30 points in
the direction parallel to the surface of the contact. Further, the
thickness of the surface layer was measured at 5 points in the
direction parallel to the surface of the tip in the vicinity of the
center of the same section, and the arithmetic mean of these 5
measurements was then defined to be the thickness of the surface

layer.
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The synbol * indicates conparative sanple.
the various sanples set forth in Table 1,

By the way, in the formnul ation of
t he anobunt of other conponents

Sb, N and Bi in Sanples 11 to 18 are each 0.2% by weight. Further, both
the surface layer and the inner layer in Sanples 19 to 32 have the sane
chem cal fornulation. Mreover, referring to other conponents in both the

two layers in sanples 19 to 27 and their anmount, the anmount of Sb, Co and
Zn are each 0.05% by wei ght and the amount of Ni is 0.2%by weight.

Referring to other conponents in both the two layers in Sanple 28 and their

amount, the anount of Sb, Pb, Ni, Bi, Co and Zn are each 0.1% by wei ght and
t he amounabod 1Ca is 0.2% by wei ght Referri ng to other conponents in both
the two | ayer s—p-Sanple-29 _—and- he amount of Sh, N, Ca, bi,
Co and zn gre e%ﬁm'%mﬂﬁt'%%éd'ﬁwqwrﬁ%unt of Pb is 0.5% by weight.
Further, refg¢ringto—othe Fpenent-s—n—Sanphes—30-—+te—-32—and
amount, the drmurﬁurtafcenﬁyeand En ar elnaadhyeﬁ 2% by weugate lagampl ¢
con_stidt 'ts . Foup ;L ﬁ fpt-es—the 'EJIF ateh contL —V\hl—eh—ka_mk ’
varie a r 3 e var S, Bas |
constitUteergg %ﬂp oﬁ”smgfh%? h% 5N lde ldr?ngrs tgﬁ.é§$§1 whijumh r%a
Sanpl e[ 1010 208 doBel it vt Lot di2 shapf oot hdDhi-bnakoof
Iayer 0 vAiclh 1Paue en varied ‘rB\ f'hZa a¥_;__§_|_ 5
har dness 2% t lr 8dgho#i2 tlhe tontladt? |t Bel t hi cknesls df5t he¢ sifi% ac
represepted by e |t hBckness of] @@ntla@1 Further| S&@ples ¥ to
constitutesa grodp |oB.sgnpl es tjh8.6syr Ratce| | ayer [an@70he|i nrE® | ayerl63of
whi ch hpvegthe sane ghem cal farg@ at i3on and-whijch,18except seanplie 173
7 5 5 - 4.4 5 - 193 50 183
8 7 5 - 6 5 - 224 50 193
9 8 5 - 7.8 5 - 305 50 133
10* 92 | 82 - 9.1 8.1 - 310 50 120
11 12 | 1.2 Sb 1.2 1.2 | 0.2Sb 151 50 140
12 23 | 22 Sb 22 | 21 0.2Sb 188 50 164
13 2.3 9 Sb 22 | 21 0.2Sb 192 50 143
14 9 3.1 Sb 22 | 21 0.2Sb 260 50 153
15 34 | 34 Ni 32 | 31 0.2Ni 223 50 173
16 5 5 Ni 5 5 0.2Ni 299 50 162
17 9 9 Bi 9 8.9 0.2Bi 300 50 193
18* 92 | 9.2 Bi 8 9.1 0.2Bi 320 50 120
19 | 5 | .5 [Sbetc| 5 5 |Sbetc.; 300 | 8 143
20 5 5 |Sb,etc.| 5 5 |Sb,etc.| 287 11 - 143
21 5 5 |Sb,etc.| 5 5 | Sb, etc. 286 26 143
22 5 5 | Sb, etc. 5 5 Sb, etc. 286 32 141
23 5 5 |Sbetc.| 5 5 | Sb, etc. 286 70 140
24 5 5 |Sb,etc.| 5 5 | Sb, etc. 286 118 143
25 5 5 |Sb,etc.| 5 5 | Sb, etc. 286 360 144
26 5 5 |Sb,etc.| 5 5 | Sb, etc. 286 950 142
Thicknes
27 5 5 | Sb, etc. 5 5 Sb, etc. 286 s of 286
contact
28 5 5 |Sb,etc.| 5 5 | Sb, etc. 303 50 140
29 5 5 |Sb,etc.| 5 5 | Sb, etc. 315 50 154
30 2 3 Ni, Zn 2 3 Ni, Zn 170 50 151
31* 2 3 Ni, Zn 2 3 Ni, Zn 140 50 120
32 4 - Ni, Zn 4 - Ni, Zn 270 50 143
33* 1.8 - - 7.8 - - 140 50 145
34* 34 | 34 - 0 3.1 - 130 200 93
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27, have been prepared by raising the rolling ratio of the surface |I|ayer by
50% of that of the inner layer at the step of producing the surface |ayer
and the inner |ayer and subjecting the material to annealing at a
tenperature as relatively low as 450C for a period of tinme as short as 30
mnutes in vacuo in the course of rolling and then subjected to shot

bl asting after oxidation for hlgher hardness to control the hardness of the
sur face Ia¥er. %EF‘ vi T—Sanfptes=F agﬁ “—are—fregpf o*Hgb °d@ffﬂ§£——-
conponert-s—and—ae—prephred- Lne%@e 5 afe—Hanner—as—sahphHe—7——By—t-he_Yay

Sample 31 {s ndex nﬁ : of "the ) 4hn\anga ar bssl o 5qus fhg#rfh
mv and famelRn32 +slrﬁﬁce>&egpl;em19$rsaefeseamb§efree of In. Further, Sanple
33 and Sanpl e 34 are sanples prepared according to the descrlptlon in

JP- A-61-114417 and JP-5S-189913, respectively. In other words, the contact
of Sanple 33 is prepared by nelting and casting various Ag aIons of

surface | ayer and inper ;Layer-aylng;Lhe o .ngfji‘%‘? Sa89icd OLLB LD, Table 1,

'C

subj ecting the er| contact bon I ng,” and en punchi ng
the materi are a contact which is t_at _780C_in 1 atm
oxygen afﬁbgﬁﬁiﬁé' iTBqud?éO%g ﬁﬁﬁ??ﬁBGB gg&?F%EfnﬂhFam %F cont act
of Sanple 34 is prepared by nelting_ and castlng various Ag _all oys of

surface Idy&P Hh@renter? Payér by g & FSUGRNeREhdveng ol s iaﬁﬁ?pltch
and a 0.5 mmdepth in the horizontal direction on the mating surface

t her eof , Feddrndife tWEY ayeredmples donte ERLhaf | e bEMeg ReRtedl to 400" C
wth the rai sed portion and fallen portion on the two |ayers engaged with
each ot hdergglehaent h¥grapeehotrefesntagttohohbed sreachtet ebotéotierol | i ng

the lam nate, and then subjecting the |lam nate to oxidation treatnent at
650'(:ir1UyollQY¢ms in Samples 19 to 27 and their amount, the amount of Sb,

Co and Zn are each 0.05% by welght and the amount of Ni is 0.2% by
weight. Referring to other components in both the two layers in
Sample 28 and their amount, the amount of Sb, Pb, Ni, Bi, Co and
Zn are each 0.1% by weight and the amount of Ca is 0.2% by weight.
Referring to other components in both the two layers in Sample 29
and their amount, the amount of Sb, Ni, Ca, bi, Co and Zn are each
0.1% by weight and the amount of Pb is 0.5% by weight. Further,
referring to other components in Samples 30 to 32 and their amount,
the amount of Ni and Zn are each 0.2% by weight.

Samples 1 to 10 constitute a group of samples the Sn and In
contents of which have been varied to control the hardness of the
various layers, Samples 11 to 18 constitute a group of samples the
Sn and In contents of which have been varied and which have been
further provided with other components, and Samples 19 to 27
constitute a group of samples the thickness of surface layer of which

have been varied. By the way, since Sample 27 has the same hardness
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oxygen atnosphere. Subsequently, a fixed side base netal nmade of
el ectrolytic copper having shape B and a novabl e si de base netal nade of

el ectrol ytic copper having shape A as shown in Fig. 4 were prepared. By the
way, the longitudinal |ength of the novable side base netal 6 is 50 nm the
t hi ckness of the novable side base netal 6 is 4 nm and the width of the
novabl e side base netal 6 on the side thereof at which the contact 4 is
nounted is 12 mm On the other hand, the |longitudinal |ength of the fixed
si de basenhretighodt i sh80camacithe thehitbknksssofofl hehdf itedaskeddabasewartal 7 is
3.3 mqmm and the width of the fixed side base netal 7 is entirely 14 nm The
af or enentdepredenteonbgcthd ithibkhayd b ShapetA and thee , adof@rent p aredlo cont act
tip 4 having shape B were then soldered to the fixed side base netal 7 and
the movabieesshdetdHasgroms alr SamgiRsPERS isvelrice Thefeabti&ithet hese 1hase netal s
wer e fixed to an earth | eakage breaker (hereinafter abbreviated as

" breaker"Jr favdigafe AL RACRRAA féﬁﬂﬁat_[%ea%d H}H‘iéﬁ ok cshcRaf ?Pé eaker

assenbly were prepared for each contact pair he various sanple Al l

the assempl i ﬁ§vé)fbe§%”€9£ee§ar]edt 8§3r%1"¥% G tﬁé%lﬁ@ﬁg Sanfd BEEELJ Qi éé" ating

propertles ‘by a breaking test 29 at a breaking clrrent o or 30 A

frame or re 20 a.l 20.V Forthe nsul tin
properti esy trhfégrse(%l S:[%I &%?Ig%fba{he elrrf%tglgﬁj L evz\r/er tsEBpI y eToa;s vvasgniga ured,

d the | t f Tabl e bel Furt he, d
e ot oSl 2kl R0 o TR R 3 SISsEi g Vi BRSARIND Lear

wer e corrpared vmth each other, and the consuned state of contact and its
di sper si 61 AN ULRGR RIS LHAS Afer DG IFedy 1Y poi4SOSC TRFthPrESpRct to

el ect roma%netl c switch, too, the dispersion
time as short as 30 minutes in vacuo in the course of rolling

and then subjected to shot blasting after oxidation for higher
hardness to control the hardness of the surface layer. Moreover,
Samples 7' and 7” are free of other additive components and are
prepared in the same manner as Sample 7. By the way, Sample 31 is
an example of the sample having a hardness of less than 140 mHv and
Sample 32 is an example of the sample free of In.

Further, Sample 33 and Sample 34 are samples prepared
according to the description in JP-A-61-114417 and JP-58-189913,
respectively. 1In other words, the contact of Sample 33 is prepared
by melting and casting various Ag alloys of surface layer and inner
layer having the formulations set forth in Table 1, subjecting the
material to hot contact bonding/rolling, and then punching the
material to prepare a contact which is then kept at 780°C in a 1 atm
oxygen atmosphere for 210 hours to undergo oxidation treatment. The
contact of Sample 34 is prepared by melting and casting various Ag

alloys of surface layer and inner layer, forming a roughness having
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of consuned state of contact was simlarly confirmed. In other words,

el ectromagnetic switches rated as 400AF using the various contacts of
Sanmples | to 34 were subjected to 4000A breaking test and closed at 2400A
and opened at 400a 100, 000 tinmes. In the conparison between before and
after the various tests, the degree of dispersion of contact consunption
was visually confirnmed, and the magni tude of dispersion of consuned state
was eval uated on the basis of 10 points. The former corresponds to the
resul ts ianitte pciglchmand GolstinphidEpthr ésitdteahoelizamchlt hérkatien ccorhesponds
to the results in the colum "Dispersion of breaker consunption” in Table
2. Furthefatialy $lhefacst epedéoPr epaskshggttte vasilousrsaapl 2sonybe’ adhesi vity of
the contact during the bonding the contact to the base netal was eval uated

on the Rasihg RLaddy PO YPchy: dhenstalie of psal ider aﬁa%utehep@f@lwgﬁ or

absence of abnormalities such as crack on the surface of contact and the

occur r engg,ofy Ronth i aubl e Lald ad dporduchTheeHes W d seiede t beey ahpL egept i oned

eval uations are set forth In Table 2 below. 30 Table 2 Results of Adhesivity

anpl e Re%é'nttﬁc‘efbgﬁc?@cl(%r égéﬁ evalyat Lo afo1h9nhass. NekeGhromagnethe, met al

swi tch Consunptio Insul at

subjecting the laminate to oxidation treatment at 650°C in a 1 atm
oxygen atmosphere.

Subsequently, a fixed side base metal made of electrolytic
copper having shape B and a movable side base metal made of
electrolytic copper having shape A as shown in Fig. 4 were prepared.
By the way, the longitudinal length of the movable side base metal
6 is 50 mm, the thickness of the movable side base metal 6 is 4 mm,
and the width of the movable side base metal 6 on the side thereof
at which the contact 4 is mounted is 12 mm. On the other hand, the
longitudinal length of the fixed side base metal 7 is 30 mm, the
thickness .of the fixed side base metal 7 is 3.3 mm, and the width -
of the fixed side base metal 7 is entirely 14 mm. The aforementioned
contact tip 5 having shape & and the aforementioned contact tip 4
having shape B were then soldered to the fixed side base metal 7
and the movable side base metal 6, respectively. Thereafter, these
base metals were fixed to an earth leakage breaker (hereinafter
abbreviated as “breaker”) having a rated AC 30-50A frame. Three
units of such a breaker assembly were prepared for each contact pair
of the various samples. All the assemblies of Samples 1 to 34 were

each then confirmed for insulating properties by a breaking test
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Di spersion Dispersion of o0.n resistancproperties of breaker el ectronmagnetic
Di spersion (M) consunptionswitch consunption 1*30.4124 252. 7557 3616668
4725778 5880989 6971888 792009108 8102009109 9670877 10*450464 1153. 4668
12856788 13735888 14855888 159200988 169200998 171033666 18*416453 19558575
20659777

at a breaking current of 1.5 KA for 30 A frame or 5 KA for 50 A frame

at a load of 220 V. For the insulating properties, the resistivity

between the power supply loads was measured, and the lowest value

is set forth in Table 2 below. Further, the consumed state of the

original contact and the contact subjected to breaking test were

compared with each other, and the consumed state of contact and its

dispersion were then evaluated on the basis of 10 points.

With respect to electromagnetic switch, too, the dispersion

of consumed state of contact was similarly confirmed. 1In other words,

electromagnetic switches rated as 400AF using the various contacts

of Samples 1 to 34 were subjected to 4000A breaking test and closed

at 24002 and opened at 400a 100,000 times. In the comparison between

before and after the wvarious tests, the degree of dispersion of

contact consumption was visually confirmed, and the magnitude of

dispersion of consumed state was evaluated on the basis of 10 points.

The former corresponds to the results in the-column “Consumption

resistance’” and the latter corresponds to the results in the column

“Dispersion of breaker consumption” in Table 2. Further, at the

step of preparing the various samples, the adhesivity of the contact

during the bonding the contact to the base metal was evaluated on

the basis of 10 points by the state of solder flow, the presence

or absence of abnormalities such as crack on the surface of contact

and the occurrence of bond trouble called bomb. The results of the

aforementioned evaluations are set forth in Table 2 below.
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21768887 22769887 - -

780887 23 24767888 25890889 2682008810 278200989

28780777 29780897 30718768 31*47. 3446 32740688 33*40. 4544 34*203224
7' 92009108 7"102009108 The synbol

aforenmentioned results show the foll ow ng facts.
el ectromagneti c switches conprising contacts of
Sn concentration

havi ng a surface | ayer
9% by wei ght,

t hi ckn
hi gher

a mcrovickers
the surfaaelkayer

har dness of 150 mHv or
according to JI'S, even preferably a surface |ayer

* indi cates conparative exanpl e.
(1) 31 The breakers and
t he present
controlled to a range of from1l to
nore on the average of

The

i nvention

ss—of 10——m-or—rore—and—aninnrer—tayer—hatdness—control-ledtoa
level ffall within a range that can bE suFfF@&Eﬁtly Dridtesivity |y used
Results of breaker test leva uation of to base
Sample e ectromagnetlc metal
No ' switch
‘ Consumptio Insulati_ng Dispersion Dispersion of _ _
n resistance properties of breakt_ar electromagnetic Dispersion
(MQ) consumption | switch consumption
1* 3 0.4 1 2 4
2 5 27 5 5 7
3 6 16 6 6 8
4 7 25 7 7 8
5 8 80 9 8 9
6 9 71 8 8 8
7 9 200 9 10 8
8 10 200 9 10 9
9 6 70 8 7 7
10* 4 50 4 6 4
11 5 3.4 6 6 8
12 8 56 7 8 8
13 7 35 8 8 8
14 8 55 8 8 8
15 9 200 9 8 8
16 9 200 9 9 8
17 10 33 6 6 6
18* 4 16 4 5 3
19 5 58 5 7 5
20 6 59 7 7 7
21 7 68 8 8 7
22 7 69 8 8 7
23 7 80 8 8 7
24 . e 87 8 . 8 8
25 8 90 8 8 9
26 8 200 8 8 10
27 8 200 9 8 9
28 7 80 7 7 7
29 7 80 8 9 7
30 7 18 7 6 8
31* 4 7.3 4 4 6
32 7 40 6 8 8
33* 4 0.4 5 4 4
34* 2 0.3 2 2 4
7 9 200 9 10 8
7 10 200 9 10 8

The symbol * indicates comparative example.

The aforementioned results show the following facts.
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according to the aforenenti oned conprehensive evaluation. On the contrary,
the breakers and el ectromagnetic sw tches conprising contacts of

conpar ati ve exanpl es deviating fromthe aforenentioned range don't reach
the practical |evel according to the conprehensive evaluation. (2) This
applies also in the case where other conponents are incorporated in a small
anmpunt in addition to Sn and In. (3) Since the various contacts prepared on
the basis of the description in JP-A- 61-114417 and JP- A-58-189913 were not
subj ect ed’het brasmye spacidakl bat dnessetant seltddheg toeatiehty ddeastsfate
hardness |evel deviates fromthe range of the present invention, and

nei ther tok thestwo cantacisn CRakthexhi bitfeenirshensnvelondenaektcah | evel
of performance. (Exanple 2) Conposite contacts having the sane surface |ayer

and i nnerconkayete&hemLalankar Byl akéPns @s dsnpHanplest 3,2 Guiandv9cpérdable 1
above were prepared. However, the inner |ayer was f or med by the sane

cast i ng/ ral Li,0gs NBt hog %wuggdmwe Eé@rmlee alre@ggetg'? %f&&%ah@y%yaﬂfas
formed by a vacuum pl asna spraying method. In Some det ail, a 32 rolling

naterlalan%g?d9£%g#i§ Saléﬁ¥1g e ?aé?ﬁ S@HPfgggqﬁ r tﬂ?& tl?”l@s the

i nner Iayer was and ca e sane nmanner as in arrpl
thin pure g connectjon | ayer was_the hot con'lt%igt bonded to one sj de of

the rol | Mg°TEPERI Y PR THE S AAST MATHBFSAS I BxafpI & £ P e T A8V Thmi nat e
was then rolled oah These hoo rraterlalsth ai ned were
bach t hortednehElcE o7 oB0EF nCa Fmt @, BF RSLTHG SHdde R WAVEROLE WEGE N of 7.
5mnm a length of 8 mmand a thickness of about 2 mm.and a materi al having
shape Daﬁ&Wﬁbn‘F drfgthe AL G SRR LA oRe At IPEE B R Wh ¢ VA LPARF ERPes§noFhabout

contrary, the breakers and electromagnetic switches comprising
contacts of comparative examples deviating from the aforementioned
range don’t reach the practical level according to the comprehensive
evaluation. (2) This applies also in the case where other
components are incorporated in a small amount in addition to Sn and
In. (3) 8ince the wvarious contacts prepared on the basis of the
description in JP~A- 61-114417 and JP-A~58-189913 were not subjected
to any special hardness controlling treatment, the surface hardness
level deviates from the range of the present invention, and neither
of the two contacts could exhibit comprehensively practical level
of performance.

(Example 2)

Composite contacts having the same surface layer and inner
layer chemical formulations as in Samples 3, 8 and 9 of Table 1 above
were prepared. However, the inner layer was formed by the same
casting/reclling method as used in Example 1 and the surface layer

was formed by a vacuum plasma spraying method. In some detail, a
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1.5 mm which were then used as inner layer material as in Exanple 1 .
Thereafter, these materials were put in a vacuum chanber with the
connection | ayer disposed at back side, and a surface |ayer was then forned
on the front surface in the follow ng manner. In some detail, an Ag alloy
preal | oy powder having the sane chemcal fornmulation as that of the surface
| ayer of Sanples 3, 8 -and- 9 above and a particle size distribution

rangi ng fromsubmcron to 2 Pmwas prepared as raw material. Using argon

gas as feedlcad rheteiag, mdde Jir eal Imy fpowdemathug phepaerd wasms@ayed and
fixed onto the surface of the aforenmentioned inner |ayer material by a

vacuum plashii 2 Siyaksnghael had- havker ma murdacankaysste Bynt RBeWadme duri ng
spraying, the forward end of the spray gun was automatically swing so that

the surfacenlayes itnhﬁ§a§ﬁ1@3ﬁe,d ab%gneguf@iprgorc@hpgyﬂmmage@ QLdefned O raise
the adhesivity between the surface | ayerandthe inner layer, the surface of

the i nneﬁo!caa/ﬂta%s-bgfusigi%sbﬁ? expRsed 4 Ebmﬁg ylage 132 dlgfft%eséw ayi ng.

The conposite materia us obtal ned was then oxi the sane

condi ti ops as. i1 Exampl.e,L Lo gbialn contast LLbs,of, Samples 39,10,37. All

the contact tfps ha ‘surface Tayer thickness 0 m and” & pure Ag

ti I t hi ck f. ab 1/ f .the total thick .. Jh
cver age RAFBNGQLeGr K BOFTHira 1 BY8T bPa rRL "BaRt St D8 A MILSBEti ned vas

confirmed in the sanme manner as_ in Exanple 1. Further, the various contact
tips wer 8PEAEH BARTEF! PAVERG LRRE tY5Y 168 HreskBrofardd SeMee fr baRdfiet i ¢

switch as nmentioned above in the same manner as in Exanple 1 and subjected
to el ect PECEIM™™ B@st 2 Fhit@esanet miftdr 2a8mi N drafprer1al Treipgstare are set

forth
D having length of 5 mm, a width of 5 mm and a thickness of about

1.5 mm which were then used as inner layer material as in Example
1.

Thereafter, these materials were put in a vacuum chamber with
the connection layer disposed at back side, and a surface lavyer was
then formed on the front surface in the' following manner. In some
detail, an Ag alloy prealloy powder having the same chemical
formulation as thatof the surface layer of Samples-3, 8-and-9 above
and a particle size distribution ranging from submicron to 2 um was
prepared as raw material. Using argon gas as feed carrier gas, the
prealloy powder thus prepared was sprayed and fixed onto the surface
of the aforementioned inner layer material by a vacuum plasma
spraying method to form a surface layer. By the way, during spraying,
the forward end of the spray gun was automatically swung so that
the surface layer thus sprayed becomes uniform. Further, in order
to raise the adhesivity between the surface layer and the inner layer,

the surface of the inner layer was previously exposed to plasma flame
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in Table 3 below. Table 3 Chem cal fornulation of additive conponents w-%
Surface layerlnner |la erSurface [aye rlnner la er

Sanpl Aver ageThi cknesAver age e No. Snl nQ her sSnl nQt her shar dnesss () har dness
mHvmHv 352. 42.2-2.22.1-16850141 3675-65-29050191 3785-7.85-30150132 Results
of eval uati onAdhesivity Results of breaker testof el ectromagneticto base
Sanpl swi tchnetal e No. Consunpti onl nsul ati ngDi sper si on of Di spersi on of

resi stance eproperti esbreakerel ectromagneti c swtchbDi spersion
MBZconsubptboacamsunpid.on 35616768 36102008108 37670887 34 As can be seen in
t he aforenmentioned results, even the nmethod which conprises formng a
surface | ayer byiea@poaytagnatetriad @tdovstaihel paoditeh onidfz<al andgosi t e

el ectrical contact conprising a surface |layer and an inner |ayer having the
sane chemhea arfeotsnd iddiicdB asaAnd Hiawipng 1atswbtace doayart aigsage shaptaess of
150 mHv or nore and an inner |ayer average hardness of nore than 130 nHv as

in thgl casting 7. methodnefcdntame! eids and 4 RenHses Bfr dcli Sagontactknakes it
possi bl e

of 50 pum and a pure Ag connectilon layer thickness of about 1/10 of
the total thickness. The average hardness of the surface layer of
the contact tips thus obtained was confirmed in the same manner as
in Example 1. Further, the various contact tips were each mounted
in the same type of breaker and electromagnetic switch as mentioned
above in the same manner as in Example 1 and subjected to electrical
The results are set forth

test in the same manner as in Example 1.

in Table 3 below.

Table 3
Chemical formulation of additive components
(wt-%)
7 Surface layer Inner layer Surface layer | Inner layer
I Average|—,.. . | Average
ia’znopl Sn In (Others| Sn In | Others |hardness TZ'?k;?s hardness
s I (mHv) W (mHv)
35 24 2.2 - 2.2 21 - 168 50 141
36 7 5 - 6 5 - 290 50 191
37 8 5 - 7.8 5 - 301 50 132
Results of evaluation | Adhesivity
Results of breaker test of electromagnetic to base
Sampl switch metal
e No. . insulating |Dispersion of Dispersion of
C?:ssi:trgsggn properties breaker | electromagnetic switch | Dispersion
(MQY) consumption consumption
35 6 16 7 6 8
36 10 200 8 10 8
37 6 70 8 8 7
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to provide a practically excellent breaker. (Exanple 3) A conposite

el ectrical contact having the sane chemical fornulation of surface |ayer
and inner |ayer as that of Sanples 1, 2 and 6 of Table 1 above was
prepared. However, the inner |ayer was fornmed by the sanme casting/rolling
method as in Exanple 1, and the surface |ayer was then forned thereon by a
vacuum evaporation nethod. 1In sone detail, arolling material made of an Ag
all oy having the same chemcal fornulation as the inner |ayer was nelted
and -casted i st den baneeqranndheastdrenenanphed esalthi reveur ehAgetbanhect i on

| ayer was then hot contact-bonded to one side of the rolling material in

t he sane widrcherorgs iise sExamplng 4 ,suarfdcthieaeanbnat spwasi rticheathad kédowso a hoop
form These hoop materials thus obtai ned were each then punched to obtain a
mat eri al dmavigi@dsbapen Coand aompbeitél ehewt igals hape abtofcomyanpl gy 2a whi ch
were then used as inner |ayer material. Thereafter, these materials were put
in a vacwhprrebankee rWridan t Aee PUL G AGaGORGe 6L Bihel @y il SROSRA a8t oRack
side, and a surface |ayer was then formed on the front surface in the

fol | owl NG BAREI ng 30shEFSdd YayBy tRFOSlgNANE KL 46 £ SAIE rERedt GRlrf Qparul ati on
as that of the surface |ayer of Sanpl'es 1, 2 and 6 of Table | was prepared.

Usi ng th;@I&{eeJ@Q%pasgfggag 8t and €88 BRA AV ey mFBLEN {2l S WL i ngach then

subj ected to vacuum netal [ Tzation by a magnetron sputtering nethod while

the temperaiure | %%@%fé%““xﬁﬁﬁ%”@% NPgy; Relng kept gl  180° G Lo, prevent
t he reevaporation o n an € pressure in The Vacuum chanber “was bei ng
kept at an argon gartialtpreiiure H_f&p fe¥/Torr to scores of Torr to
forma surf REBVEAVe? HAA TG tHeSEAHE Fr ROFAETHn as that of the target on

the surface of the
(Example 3)

A composite electrical contact having the same chemical
formulation of surface layer and inner layer as that of Samples 1,
2 and 6 of Table 1 above was prepared. However, the inner layer was
formed by the same casting/rolling method as in Example 1, and the
surface layer was then formed thereon by a vacuum evaporationmethod.
In some detail, a rolling material made of an Ag alloy having the
same chemical 'formula'tion as the inner layer was melted and casted
in the same manner as in Example 1, a thin pﬁre Ag connection layer
was then hot contact-bonded to one side of the rolling material in
the same manner as in Example 1, and the laminate was then rolled
to a hoop form. These hoop materials thus obtained were each then
punched to obtain a material having shape C and a material having
shape D of Example 2 which were then used as inner layer material.

Thereafter, these materials were put in a vacuum chamber with
the pure Ag connection layer disposed at back side, and a surface

layer was then formed on the front surface in the following manner.
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inner layer. By the way, in order to raise the adhesivity between the
surface |l ayer and the inner |ayer, the surface of the inner |ayer was
previously cleaned with ion generated by high frequency before vacuum
nmetal li zati on. The various conposite materials thus obtained were each then
prepared under the sanme conditions as in Exanple 1 to obtain contact tips
of Sanples 3Bto 4 0. - Rl1 the contact tips had a final surface |ayer

t hi ckness of 30 pmand a pure Ag connection |layer thickness of about 1/10
of the totiaktthj cknesget Thevaveragesies dhesscoal fdraulatibaces ltaperodf the
contact tips thus obtained was confirnmed in the sane manner as in Exanple

1. Furthehe theryas ioysrcont aahpldPs, Beasd eadt maunéed waxs tdiepsase. t ype of
breaker and el ectromagnetic switch as used in Exanple 1 in the same nanner

as in EX%@H'n% dhandorsHbherd S targbectiHeaal itest 1afethraSanm enags as in
Exampl e 1. he results are set forth in Table 4 below. 36 Table 4 Chem ca

formul at ie%QPOft@qui EhY Se SUPORENLS, Wi hage oL ayer biynes  Layerspsface
| ayer | nner ayer Sanpl eAver ageThi cknesAver age

360, 80, FL L5t AR30E91 b oot 6P SEREo A M ey atia
being kept at 180°C to prevent the reevaporation of Sn and the pressure
in the vacuum chamber was being kept at an argon partial pressure
of from few Torr to scores of Torr to form a surface layer having
the same formulation as that of the target on the surface of the
inner layer. By the way, in order to raise the adhesivity between
the surface layer and the inner layer, the surface of the inner layer
was previously cleaned with ion generated by high frequency before
vacuum metallization.

The various composite materials thus obtained were each then
prepared under the same conditions as in Example 1 to obtain contact
tips of Samples 38 to 40.- ‘All the contact tips had-arfinal surface
layer thickness of 30 ym and a pure Ag cohnection léyer thickness
of about 1/10 of the total thickness. The average hardness of the
surface layer of the contact tips thus obtained was confirmed in
the same manner as in Example 1. Further, the various contact tips
were each mounted in the same type of breaker and electromagnetic
switch as used in Example 1 in the same manner as in Example 1 and
subjected to electrical test in the same manner as in Example 1.

The results are set forth in Table 4 below.
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Resul ts of eval uati onAdhesivity Results of breaker testof el ectromagneticto
base Sanpl eswi tchnetal No. Consunpti ol nsul ati ngDi spersi on of Di spersion of n
resi stanceproperti esbreakerel ectromagneti c sw tchbDi spersion
M52consunpt i onconsunpti on 38*30. 4213 3953. 7657 40980888 As can be seen in

t he aforenmentioned results, even the method which conprises formng a
surface |layer by a vacuumnetallizing nethod allows the production of a
conposite electrical contact conprising a surface :layer-and an inner |ayer
havi ng thebsanme chem cal formulation and having a surface | ayer average

har dness of 1504v—=a¢ nnrﬂ.an“ an iu“p. -a wver age hardness of nore
than 130 mHv | aSemiedi&ormiatio /3@?" YrP le 1 agd the use of this
contact makes— i gvi-de—a prae%%ea"y exeetH-ent bre§ ker-
(Exanpl e 4) dnrrpoﬂumacecmteact |t erl hiner fager ng t he Sarfaceclbgeri cal :
f or mul at+er—as—thatrof—the—+nner—tayer—of aﬁﬁhergiﬂa"r“ 20—of
above wa$amndejep ned b¥n é{hﬁﬁj agli qg, (COMN AR s Wﬁﬁhﬁ@fmicmgﬁ eg
connect | oNol ayer anb col d I|Ing etlhod i n 1t ha #aﬂﬁH nneunas (ﬁrbﬁﬁpnple
1. ThESE“g‘gi—leJ“fﬁr@ EpT thlz—ﬂuapQI |l|| a biIUL143UI stRFg—¢ham th
the_surLa§g+r1¥i5 bqu, duy‘InLﬁLglelﬁgfldch \wuﬂggwrlbg ect |vq3
subj ept S0 400 oﬂsq d3L4| ng—w #ELaUTal ,.u,nj a ueaus187r(e erbwgl }T1 7 snot
bl astin L,UFFU 3 UTTS, UIIIT Kb‘ UT I nmary SITTOL Ul—d.b"t I_[ lITbrF STTOU dasStl Ty Was
effected at an ejection pressure
Results of evaluation | Adhesivity
Results of breaker test of electromagnetic to base
Sample switch metal
No. .| Insulating [Dispersion of Dispersion of
S?g:;gﬁgg properties breaker | electromagnetic switch | Dispersion
. (M) | consumption consumption
38% 3 0.4 2 1 3
39 5 3.7 6 5 7
40 9 80 8 8 8

As can be seen in the aforementioned results, even the method
which comprises forming a surface layer by a wvacuum metallizing
method allows the production of a composite electrical contact
comprising a.surface layer-and an inner layer having the.same chemical -
formulation and having a surface layer average hardness of 150 mHv
or more and an inner layer average hardness of more than 130 mHv
as in the casting method of Example 1 and the use of this contact
makes it possible to provide a practically excellent breaker.

(Example 4)

Composite contact materials having the same chemical
formulation as that of the inner layer of Samples 19 and 20 of Table

1 above were prepared by melting/casting, contact bonding of pure

Ag connection layer and cold rolling method in the same manner as

37



as high as 6 kgf/cnz for 30 mnutes. Thereafter, the conposite contact
materials were each then kept at 750C for 210 hours in the sanme nmanner as
in Exanple 1 so that they underwent inner oxidation to obtain contact tips
of Sanples 41 and 42. The final conbination of contact tips had the sane
size as that of Exanple 1, the thickness of the surface |layer of all the
sanples was 20 m and the thickness of the pure Ag | ayer was about 1/10 of
the total thickness. The average hardness of the surface |ayer of the

vari ous dentaehplé ps. waheeanfhbht&ethlia vdie sagk pannErspoasd AnExaspbe 1.
Further, the various contact tips were each nounted in the sane type of

breaker andselgglhamBgnelitt v EGHf &Se NBHET petlde AROVS H 1Y the saamkcaanner as
in Exanple 1 and subjected to electrical test in the same manner as in

Exanpl e LasThged esults:aL ey Sl kit td Rnbabbeasx Be QWeh 38 20akhamdnLheni cal
formul ati on of additive conponents W-9% Surface |ayerlnner |a erSurface

|ayer|nn%%ahgye@egégEkﬁﬁMﬁJ@Q@Ihhﬁkﬂf§§é%ﬁf@gﬁditions, unlike ordinar
No. Snl nQt her sSnl nQt her shar dnes( m~hardness s (mHv) mHv 4155e 55e 18026142 cc.

tt 425565%b§§§25%qggg£ﬁ%shotblastingwaseffectaﬂatanejectionpressure

as high as 6 kgf/cm® for 30 minutes.

Thereafter, the composite contact materials were each then
kept at 750°C for 210 hours in the same manner as in Example 1 so
that they underwent inner oxidation to obtain contact tips of Samples
41 and 42. The final combination of contact tips had the same size
as that of Example 1, the thickness of the surface layer of all the
samples was 20 pum, and the thickness of the pure Ag layer was about
1/10 of the total thickness. The average hardness of the surface
layer of the various contact tips was confirmed in the same manner
as in Example 1. Further, the various contact tips were each mounted
in the same type of breaker and electromagnetic-switch as-mentioned
above in the same manner as in Example 1 and subjected to electrical
test in the same manner as in Example 1. The results are set forth

in Table 5 below.
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Resul ts of eval uati onAdhesivity Results of breaker testof el ectromagneticto
base Sanpl switchnetal e No. Consunptionl nsul ati ngDi spersi on of Di spersion of
resi stanceproperti esbreakerel ectromagneti c sw tchbDi spersion

(MQ consunpti onconsunpti on 41550555 42657777 As can be seen in the

af orenenti oned results, even the nmethod which conprises formng a surface
| ayer by a nelting/casting nethod and then work-hardening the surface of
the surface layer allows the production of a conposite electrical contact
conpri si ngoke S'Urface | ayer and an inner |ayer having the sanme chem cal

formul ati on apd A a—-surface Jt“g“f average har dness of 150 nmHv or nore
and an inner IQK}%"P' 3(/%?5"@}84 "Féjlég’ SPWBPE™ P han 130 nmHv and the use of
this contact .uke"S P t £ p. ovi-fe—a ﬁfa:*rkg"rf_e{ xeeH-ent ﬁ%"'er.
(Exarrpl 5) CorposHt ﬁgc 2 €8 bu’%lg te ravhgt e e Ehen Qﬁr ayer

——Q

|
f or mul atSampla gna If' afﬁ%? | yer arl}g i ﬁir:ffg‘%fge?ﬁ'r'm&;fé \’Er 9&14 6,
7, 16, R1Nand|25tq 2 e abpve were pr &5 : ' e
sur f acertayertand-trhe iﬁr H er—wWere separggt
mel tingf cddti hg Sret/hod i1 anfe an® manrer agyd n| EX&@pl

e 120a surfdde |pyer

mat er i af—was subjegtedt trghstrengtiggwol ki mg—dat—a__percent draft of
50% the to T;T?eri al vve-r%t(hot ntiactt bgndgd {o020@agh o2Per,| a tMiln plre
Ag | ayer—was thotcontact-bonded to the inmner
Results of evaluation | Adhesivity
Results of breaker test of electromagnetic to base
Sampl switch metal
e No. . Insulating  |Dispersion of Dispersion of
C?: sﬁg{:ﬁggn properties breaker |electromagnetic switch| Dispersion
(MQ) consumption consumption
41 5 50 5 5 5
42 6 57 7 7 7

As can be seen in the aforementioned results, even the method
which comprises forming a surface layer by a melting/casting method
and then work-hardening the surface of the surface layer allows the
production of a composite electrical contact comprising a surface
léyér‘andAén inner layer having the same cﬁemiéal formulation and .
having a surface layer average hardness of 150 mHv or more and an
inner layer average hardness of more than 130 mHv and the use of
this contact makes it possible to provide a practically excellent
breaker.

(Example 5)

Composite electrical contacts having the same chemical
formulation as that of surface layer and inner layer of Samples 1

to4, 6,7, 16, 21 and 25 to 27 of Table 1 above were prepared. However,
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| ayer on the back side thereof, and the entire lamnate was then rolled to
obtain a hoop. This hoop was anneal ed at 300C in vacuo of 10-5 Torr or |ess
for 2 hours, and then punched to two shapes having the sane as in Exanple 1
to obtain conposite materials. The various conposite materials thus

obt ai ned were each then oxidized in the sane manner as in Exanple 1 to
obtain contact tips of Sanples 43 to 53. The size of the final conbination
of tips was the sanme as that of Exanple 1 and the thickness of the surface
| ayer washer edet&fqdriingdr &0d hed hansammes vhad ehatrheevarpeysredr bgspondi ng
sanples of Table 1 within 2% The average hardness of the surface | ayer of

the vari Quse SaiIAY /@S sthbg mebhal nad nBsahynddr £ 120 rdip1Ri ghelsutrhaset he
har dness of the correspondi ng various sanples of Table 1. Al the sanples

had a purgAg £9REecdl ahd ayehethiekness 10f nabautcdéddwfuotidiaqt gt ak
t hi ckness. "The various contact tips were each nmounted in the sane type of

breaker and ehecirommgreldL SWLLGH astfBMioned. aRovEnE At hs RaeLyanner as
in Exanpl'e 1 and subjected to electrical test in the same manner as in

Exanpl e 1, c};hg%kéegs,ugttshi%r u eeE\ngaUe% whd) hE@b%o%t%cQ%Q%Q’d?E WLORL 5 nAegheet of

melted and tas materi al havrng ‘the sane 40 chem cal fornulation as that
of Sanples 43 to 53 above byt surface_layer faornulation was used rather
t han hot %caé'r?tra%- Sfben |‘_’W\gﬁ \:/L\/tg)e tg?faere s ’ofamrjreﬁ/ee(fné:ﬁéecg@’f”e%antr’?atwearsi gﬁ?ni .e.,
surface layer and inner layer, and this nelted and casted material was hot
cont act - 19AGEdEC tHTR1PhE MYl Pt oRRBCYRDRINERérd and0HerisiUBFéet ed to

oxidation at .the sane step as nentioned above to prepare contact tips of
Sanpl es F41% 0 T6AT Foheverorinhoter 20 thrB RIS PEAL VAT 8h8PFaPaFs M th a

the same as in Example 1 to obtain composite materials. The various
composite materials thus obtained were each then oxidized in the
same manner as in Example 1 to obtain contact tips of Samples 43
to 53.

The size of the final combination of tips was the same as that
of Example 1 and the thickness of the surface layer was predetermined

to be the same as that of the various corresponding samples of Table

1 within £2%. The average hardness of the surface layér of the
various>éampiésw£h;s obtéined.was only 10 to 20 mHv higher than the
‘hardness of the corresponding various samples of Table 1. All the
samples had a pure Ag connection layer thickness of about 1/10 of
the total thickness. The various contact tips were each mounted in
the same type of breaker and electromagnetic switch as mentioned
above in the same manner as in Example 1 and subjected to electrical
test in the same manner as in Example 1. The results are set forth

in Table 6 below.

Further, a sheet of melted and casted material having the same

40



desired average hardness, the tenperature was stepw se raised every tip
within a range of from 200 to 750C during the aforenentioned oxidation.
Thereafter, oxidation was effected at 600C in the initial stage of

oxi dation and then at 750C. Further, referring to the thickness and average
har dness of the surface |ayer, the oxidation tenperature and oxidation timnme
at lower tenperatures were controlled such that the thickness and average
hardness of the surface layer are the sanme as that of the correspondi ng
vari ous cenpkets fofrmidbtioh aW thatho2%anrPiesVved koUs3 ebotadtitta psrdbhcSanpl es
43 to 64 thus obtained were each nmounted in the sane type of breaker and

el ect r onageti corswl dtcivprasvarenisconedtabovehan hbe santeadreioediag two Exanpl e
1 and subjected to electrical test in the same nanner as in Exanple 1. The

results ahReselod Relhed Antiabd &b hetom.a14li Tabl eubr&beniagak {0 fyhati on of
additive conmponents W-% Surface |ayerlnner |ayerSurface |ayerlnner |ayer

Sanpl Aver3gge, ThHLkRes VBIa08n8 MaShl MANERISpAOAhershaidnesosded
(m hardness s (nHv) (nHv)

to a thin pure Ag connection layer, and then subjected to oxidation
at the same step as mentioned above to prepare contact tips of Samples
54 to 64. However, in order to provide the various layers with a
desired average hardness, the temperature was stepwise raised every
tip within a range of from 200 to 750°C during the aforementioned
oxidation. Thereafter, oxidation was effected at 600° in the

initial stage of oxidation and then at 750°C. Further, referring
to the thickness and average hardness of the surface layer, the
oxidation temperature and oxidation time at lower temperatures were
controlled such that the thickness and average hardness of the
surface layer are the same as that of the corresponding various
" samples of ~Table-:1 within 2%.

The various contact tips of Samples 43 to 64 thus obtained
were each mounted in the same type of breaker and electromagnetic
switch as mentioned above in the same manner as in Example 1 and
subjected to electrical test in the same manner as in Example 1.

The results are set forth in Table 6 below.
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43*0.80.9-1.21. 2-15540120 441.51.2-11. 2-16640132 452.42.2-2.22.1-17940142
462.98-2.22.1-18950152 473.43. 4-3.23.1-19850173 4855-4. 45-20550183

49550. 2Ni 550. 2Ni 31450163 5055Sh, etc.55Sb, etc.30226145 5155Sb, etc.558b,
etc. 302360146 5255Sb, etc.55Sh, etc.303950143 Thi cknes 5355Sb, etc.55Sb,
etc. 303s of 303 contact 54*0.80.9-1.21.2-14240124 551.51.2-11. 2-15140138
562.42.2-2.22.1-16640148 572.98-2.22.1-17450157 583. 43. 4-3.23. 1-18750178
5955- 4. 45- 19350188 60550. 2Ni 550. 2Ni 299. 50166 6155Sb, etc.55Sb, etc. 18726145
6255Sh, ®ii:H5Sh, etc. 187360147 6355Sb, etc.55Sh, etc.285950144 Thi cknes
6455Sh, etc.55Sh__etc 285hs of

Chemical formulation of additive components
(Wt-%)
Inner
Surface layer Inner layer Surface layer layer
Average . Average
ia':lnop?l Sn In Others | Sn In Others hardngs Tf;lz::;?s hardnegss
s (mHv) _(mHv)
43* 08 | 09 - 1.2 1.2 - 155 40 120
44 15 1.2 - 1 1.2 - 166 40 132
45 24 | 22 - 22 | 21 - 179 40 142
48 29 8 - 22 | 21 - 189 50 152
47 34 | 34 - 3.2 | 31 - 198 50 173
48 5 5 - 4.4 5 - 205 50 183
49 5 5 0.2Ni 5 5 0.2Ni 314 50 163
50 5 5 |[Sb,etc.| 5§ 5 Sb, etc. 302 26 145
51 5 5 |Sb,etc.| 5 5 Sb, etc. 302 360 146
52 5 5 |Sbyetc.| 5 5 Sb, etc. 303 950 143
Thicknes
53 5 5 Sb, etc. 5 5 Sb, etc 303 s of 303
contact
54* 08 | 09 - 12 1.2 - 142 40 124
55 1.5 12 - 1 1.2 - 151 40 138
56 24 | 22 - 22 | 21 - 166 | 40 148
57 29 8 - 22 | 21 - 174 50 157
58 34 | 34 - 3.2 | 31 - 187 50 178
59 5 5 - 4.4 5 - 193 50 188
60 5 5 0.2Ni 5 5 0.2Ni | 299 50 166 .
61 5 5 |Sbetc.| 5 5 |Sbetc.| 187 | 26 .| . 145
62 5 5 | Sb,etc 5 5 Sb, etc. || 187 360 147
63 5 5 | Sb,etc 5 5 Sb, etc. 285 950 144
Thicknes
64 5 5 Sb, etc. 5 5 Sb, etc. 285 s of 285
contact
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285 contact 42 Results of evaluation Adhesivity to Sanpl eResults of breaker
testof el ectronagnetic base netal switch Consunption Insulating D spersion

Di spersion of No.resistanceproperties of breaker el ectronagnetic switch

Di spersion (M) consunptionconsunption 43*30. 4234 4453. 7557 45616668 46729778
47988888 4892008108 499200998 50874887 51898889 5282008810

Results of evaluation L
Results of breaker test of electro_magnetic Abdar};smg atlo
Sample switch
No. . Insulatin Dispersion Dispersion of
C?ens?:tgr‘:égn propertie% of l?reak(_er electrompagneti_c switch| Dispersion
(MQ) consumption consumption
43* 3 0.4 2 3 4
44 5 3.7 5 5 7
45 6 16 6 6 8
46 7 29 7 7 8
47 9 88 8 8 8
48 9 200 8 10 8
49 9 200 9 9 8
50 8 74 8 8 7
51 8 98 8 8 9
52 8 200 8 8 10
53 9 200 9 8 9
54* 3 0.4 1 2 4
55 5 2.9 5 6 7
56 7 15 6 6 8
57 8 26 7 7 8
58 9 81 8 8 8
59 9 200 9 10 8
60 9 200 9 9 8
61 8 67 8 8 7
62 8 93 8 8 9
63 | 9 200 8 8 10
64 9 200 9 8 9 .

As can be seen in the aforementioned results, even the
aforementioned method involving a melting/casting method allows the
production of a composite electrical contact having a surface layer
average hardness of 150 mHv or more and an inner layer average
hardness of more than 130 mHv and the use of this contact makes it
possible to provide a practically excellent breaker.

(Example 6)
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539200989 54*30. 4124 5552. 9567 56715668 57826778 58981888 5992009108
609200998 61867887 62893889 63920088. 10 64_. .9200989 .. As can be seen in
the aforenentioned results, even the aforenentioned nmethod involving a
mel ting/ casting nmethod allows the production of a conposite electrical
contact having a surface |ayer average hardness of 150 nHv or nore and an
i nner | ayer average hardness of nore than 130 nHv and the use of this
contact makes it possible to provide a practically excellent breaker.
(Exanpl e 6) 43cGomposid eebdectirdadal caronricast shavawigngiehessanecoaetdLial
formul ation of surface layer and inner |ayer as that of Sanples 6 and 8 of
Tabl e 1 abemelawerod preparette Haweveind Vanepsubayad aki ahst draghinglssrd ace

| ayer and inner |layer formulations were nelted and casted in the sane

nmanner asnbng Examabee ln ARt Nefe Udadetio sheeler, SHseAUeRbtyridhese sheet
materials were | am nated on each other, previously m crowel ded at the

| am nat ed . poRd iQFrheekegRbahh {hgr MaLeE &l SuditlibdBtveteabedet 02, B00C in
t he atnosphere, and then

casted in the same manner as in Example 1, and then rolled to sheet.
Subsequently, these sheet materials were laminated on each other,
previously microwelded at the laminated portion to keep both the
materials airtight, heated to 800°C in the atmosphere, and then
hot-extruded at an extrusion ratio (sectional area ratio) of 80.
A thin pure Ag connection layer was hot contact-bonded to the inner
layer of the composite material thus extruded on the back side thereof
under the same conditions as in Example 1, and the laminate was rolled,
and then punched to two shapes having the same size as that of Example
1. The composite materials thus obtained were each then subjected
to internal oxidation in the same manner as in Example 1 to obtain
contact tips of Samples 65 to 66.

| ..$fhe fiﬁal“combination of contact tips had the same size as
that of Example 1, the thickness of the surface layer of all the
samples was 50 pm, and the thickness of the pure Ag layer was about
1/10 of the total thickness. The average hardness of the surface
layer of the various contact tips of Samples 65 to 66 was confirmed
in the same manner as in Example 1. Further, the various contact
tips were each mounted in the same type of breaker and electromagnetic
switch as mentioned above in the same manner as in Example 1 and

subjected to electrical test in the same manner as in Example 1.
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hot - extruded at an extrusion ratio (sectional area ratio) of 80. A thin
pure Ag connection |ayer was hot contact-bonded to the inner |ayer of the
conposite material thus extruded on the back side thereof under the sane
conditions as in Exanple 1, and the lamnate was rolled, and then punched
to two shapes having the sanme size as that of Exanple 1. The conposite
materi als thus obtained were each then subjected to internal oxidation in
the sane manner as in Exanple 1 to obtain contact tips of Sanples 65 to 66.
The fi naltheonbsuats Greofseconbath in pdiad’t helsane size as that of Exanple
1, the thickness of the surface layer of all the sanples was 50 m and the
t hi ckness of the pure Ag | ayer was about 1/10 of the total thickness. The
average hardness of the surface |ayer of the various contact tips of
Sampl es @apte ©6 was confirned in the same manner as in Exanple 1. Further,
the various contact tips were each nmounted in the sane type of breaker and

el ect r omagnet i|c Chemigat foraiatioh of additive:ersirRonents He same rmanner as in Exanpl e
1 and subjectled to electricdMf st in the same nanner _as. in Example 1. 44

Th I irn Tabl e 7, Tablle 7 ' f n&f i f
e results are sedufRelidydrn Tgbl e 7nhadigyer Tablle Séhreis@r or i gfl oh o

addi ti ve—conpanents W -% Surfag er

Sanpl eAVsamprThi ckness Average |i s_n AVerage |1 ness| Average
No. Sri | nOner §5r31 n(x HBr sfét%gf‘?ess%r dneBs | Others h?{gﬂs)ss (um) h?:gﬂi;s
65 34 3.4 - 3.2 3.1 - 198 50 171
66 7 5 - 6 5 - 299 50 191
Results of evaluation | Adhesivity
Results of breaker test of electromagnetic to base
Sampl switch metal
e No. . Insulating | Dispersion of Dispersion of
C?:ssi:{:rp:g:n properties breaker electromagnetic switch | Dispersion
(MQ) consumption consumption
65 9 76 8 _ 8 8
66 10 200 9 10 8

As can be seen in the aforementioned results, the lamination
and subsequent hot extrusion/rolling of a surface layer and an inner
layer prepared by a melting/ casting method allows the production
of a composite electrical contact comprising a surface layer and
an inner layer having the same chemical formulation and having a
surface layer average hardness of 150 mHv or more and an inner layer
average hardness of more than 130 mHv as in Example 1 and the use
of this contact makes it possible to provide a practically excellent
breaker.

(Example 7)

Composite electrical contacts having the same chemical

formulation of surface layer and inner layer as that of Samples 8
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(mHv) (mHv) 653.43. 4-3.23.1-19850171 6675- 65-29950191 Results of

eval uati onAdhesivity Results of breaker testof el ectromagneticto base
Sanmpl swi tchnmetal e No. Consunptionl nsul ati ngDi spersi on of Di spersion of

resi stanceproperti esbreakerel ectromagnetic switchD spersion
Mb2consunpt i onconsunpti on 65976888 66102009108 As can be seen in the

af orenentioned results, the am nation and subsequent hot extrusion/rolling
of a surface layer and an inner |ayer prepared by a nelting/ casting nethod

al | ows t haaprodectamoe 1 Gbode GAAROSE dareldes) howakr Gaatir §PNPITnSi dig: a
surface layer and an inner |ayer having the sane chem cal formulation and

havi ng agesHifacend ayan oavepaggehar dpRs$Of tA80 Hhdmia1NDe rANYa @b Nner
| ayer average hardness of nore than 130 mHv as in Exanple 1 and the use of

this contacte OBKES dof e PIRSLL! 81k BT RYrAR 18 PEAC L ERIdnEexC8]deRtan pr eaker .
(Exanmpl e 7) Conposite electrical contacts having the sane chem ca

formul at lt%@n%fubggétg&%ollqyc%&ngﬂ%xllgg%orll Y & e aﬁehﬁmfgﬁhéqualngjz%rg? 4&5 and 15

of Table above were prepared by powder netallurgy. some Ag

al | oy powders havingighe chenic%&éfOE ation corrﬁ§gondE§grto t hese
t

: e on lons as_ 1 gl e in r ar [l . ft
chem cal Foriliat8Rs 1ete “Bath $P8Pared 4nd 118 Stbfec T3 rHt'er nal
and molded in such a manner that

oxidation in the sane at nosphere and under
the varr:lLous powcf?lers wgre lam?natecgl1

the surface layer and the inner layer form the same combination of
formulation as that of Samples 8 and 15 to prepare a columnar preform
having a diameter of 80 mm and a total height of 200 mm. During this
procedure, the portion corresponding to the surface layer was
predetermined to account for 1/10 of the entire combination.

Subsequently, this preform was heated to 800°C in argon gas,
and then immediately hot-extruded to sheet. A thin pure Ag
connection layer was hot contact-bonded to the inner layer of the
extruded material on the back side thereof in the same manner as
in Example l, and the-laminate was rolled-to-obtain-a hoop which:
‘was then punched to two shapes having the same size as that of Example
1 to obtain contact tips of Samples 67 to 68. The final combination
of contact tips had the same size as that of Example 1 and the
thickness of the pure Ag layer of all the samples was about 1/10
of the total thickness.

The various contact tips of Samples 67 to 68 thus obtained
were each confirmed for the average hardness of the surface layer
and the thickness of the surface layer in the same manner as in Example

1. Further, the various contact tips were each mounted in the same
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the sane conditions as in Exanple 1 in a rotary kiln. Thereafter, the
various powders were | am nated and nol ded in such a manner that the surface
| ayer and the inner |ayer formthe sane conbination of formnulation as that
of Sanples 8 and 15 to prepare a columar preform having a dianmeter of 80
nm and a total height of 200 nm During this procedure, the portion
corresponding to the surface |ayer was predeterm ned to account for 1/10 of
the entire conbination. Subsequently, this preformwas heated to 800C in

ar gon gasype a¥d drid@Ret naedi caledty oh@ynexid uaedchoashesiti cAcihafowiiriey Ag
connection |ayer was hot contact-bonded to the inner |ayer of the extruded

nmateri al tpd dhe Rackesi ge theneabibnt tie saBB-BBONS o @3 eckRiEXAMA 1, and
the lam nate was rolled-to obtain a hoop which was then punched to two

shapes hayifg NG-SATBLSI 28 38 £Ldp S 1EXaR eeshito Hh aiR sopLAGH tips of
Sanples 67 to 68. The final conbination of contact tips had the sane size
as that of, Examlsg },_and the thickness of the pure Ag |layer of all the
sanpl es was about £'10 of the total thickness. The various contact ti ps of
Sanmpl es 67 to 68 thus obtained were each confirmed for the average hardness
of the surface layer and the thickness of the surface |ayer in the sane
manner as ifﬁ?arrple 1. Further, the various contact tips were each nounted

in the saf® type of breaker and el ectromagnetic switch as nentioned above
in the same MBOREHicABforMulbiedl fidltivertdnfpdhemst ¢d to el ectrical test in the
same manner a$ in Exanple 1. (d®m)results are seff forth in Table 8 bel ow.
Tabl e 8 Cheni cal Surfaué alyeon of addilfner @ayepnponént Surface layer Inner layer
Average . Average
Sa,\T:)ple Sn In |Others| Sn In | Others [hardness Thl(cli:)ess hardness
- (mHv) H (mHv)
67 7 5 - 6 5 - 298 53 193
68 3.4 34 | 02Ni | 3.2 3.1 | 0.2Ni 260 60 173
Resulits of evaluation | Adhesivity
Results of breaker test of electromagnetic to base
Sampl switch metal
e No. . Insulating |Dispersion of Dispersion of
C?enssi:tr:rﬁ’ggn properties breaker |electromagnetic switch{ Dispersion
(MQY) consumption consumption
67 10 200 9 10 8
68 9 200 9 8 8

As can be seen in the aforementioned results, even- the
composite contact prepared by powder metallurgy allows the
production of a composite electrical contact having a surface layer
average hardness of 150 mHv or more and an inner layer average
hardness of more than 130 mHv and the use of this contact makes it
possible to provide a practically excellent breaker. By the way,
all the aforementioned samples had a Cd concentration of less than

0.01% by weight.
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W - % Surface | ayer Inner |a erSurface |ayerlinner la er

Sanpl eAver ageThi cknessAverage N. Snl nQt her sSnl nQt her shar dness(m hardness o
(mHv) (mHv) 6775-65-29853193 683. 43. 40. 2Ni 3. 23. 10. 2Ni 26060173 Resul ts of
eval uati onAdhesivity Results of breaker testof electromagneticto base
Sanpl swi t chnetal e No. Consunptionl nsul ati nghi spersi on of Di spersi on of

resi stanceproperti esbreakerel ectromagneti c sw tchDi spersion

(MQ consunpti onconsunption 67102009108 689200988 As can be seen in the
af or enent i onediyiesut ks prevent tiifrent@BPAsIst Be€ORaCE i PE€PAr @dtdyl pawder

metal lurgy allows the production of a conposite electrical

contact having a

surf ace Jayeter SMRIE Rpedness abolSRetdy takr89f £ iangi BNbe Mparkayer
average hardness of nore than 130 nmHv and the use of this contact makes it

possi bl e @ pRr Qkiﬂﬁe@ 19{ %@1%' gat | yhaxerlkend é?{aﬁ‘-%lé%r anBYmd &ier MR 1 0onal | the

af orenenti oned sanples had a Cd concentration of | ess than

0. 01% by wei ght .
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reference to specif nments thereo

thereof.

The present application is based on Japanese

be appar ent

Patent

Application (Patent Application No. 2003-199389), filed on July 18,

2003, and is hereby incorporated by reference.

<Industrial Applicability>

In accordance with the present invention, a

Cd-free

electrical contact made of an Ag alloy containing Sn having
improvements in consumption resistance, its dispersion, insulating
properties and dispersion of bond strength to base metal, which are
weak points of conventional Cd-free Ag alloy contacts, and hence
excellent properties can be provided by controlling the average
hardness of the fire£ iayer at least one the surface side thereof
to 150 mHv or more and the average hardness of the second layer on
the inner side thereof to more than 130 mHv, even preferably
controlling the thickness of the surface layer to 10 pm or more.
Accordingly, the electrical contact of the present invention is free
of Cd and thus can be used in electrical apparatus such as breaker

and electromagnetic switch in place of conventional electrical

contact made of Ag alloy containing Cd.
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to one skilled in the art that various changes and nodifications can be
made therein wi thout departing fromthe spirit and scope thereof. The
present application is based on Japanese Patent Application (Patent
Application No. 2003-199389), filed on July 18, 2003, and is hereby

i ncorporated by reference. <lIndustrial Applicability> In accordance with the
present invention, a Cd-free electrical contact nade of an Ag all oy
containing Sn having inprovenents in consunption resistance, its

di spersion, insulating properties angifk spersion of bond strength to base
metal, which are weak points of conventional Cd-free Ag alloy contacts, and
hence excellent properties can be provided by controlling the average

har dness of the first |ayer at |east one the surface side thereof to 150
mHv or nore and thg, ayerage-hardpesse Uorbhes SES UM abaYLlo PR thE i per side
thereof to nore than 130 nmHv, even preferably “controlling the thickness of
the surface. r..t 0 re. oAccor i y | ectrical contact of

t he presgﬁtl+§%§ﬁ?F%ﬁ%i§P}$%§qu§°cﬁ gﬁ%‘%ﬁggkcgﬁaggjﬁgégki%ﬁgT%€t$%cal

appar atus, such_as _ breake and el ectro net. itch.in,.place of.

convent i gﬁa}l)y e"feelcg[h?’l’céfld%sélrffedctecorr% e° gqga,&lgtoal%ll%\;/\%%o%etl hi ﬁagéa?"lf&g d ai ns
1. An electrical contact, conprising.,an Ag_alloy containin Sn in an anobunt
of from T FECOmY RETGRE NG CHOT 10 i SnBURT® OFY695 ByF WRFGRES THA usi ve,
to less than 0.01% by wei ght. and having, a two-layer structure conposed of a
first |ayBrrent 2rsurf §86°%F dYSrhaPedt dAHtFTa Sd8eoheTe®fer YBAT &R i Hifer si de

t hereof, wherein the
first layer has an average hardness of 150 or more on the microvickers

scale defined by JIS and a thickness of 10 um or more and the second

layer has an average hardness of more than 130 on the microvickers

scale.

2. The electrical contact as described in Claim 1, wherein
the average hardness of the aforesaid first layer is 190 or more

on the aforesaid scale.

3. The electrical contact as described in Claim 1 or 2,
wherein In is incorporated therein in an amount of from 1% to 9%

by weight in addition to Sn.

4. The electrical contact as described in any one of Claims
1 to 3, wherein as additive components other than Sn and In there
are incorporated at least one selected from the group of elements

consisting of Sb, Ca, Bi, Ni, Co, Zn, Cu, Mo, W, Ge, Te, Cr and Pb.
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first layer has an average hardness of 150 or nore on the mcrovickers
scale defined by JIS and a thickness of 10 mor nore and the second |ayer
has an average hardness of nore than 130 on the mcrovickers scale. 2. The
el ectrical contact as described in claiml1l, wherein the average hardness of
the aforesaid first layer is 190 or nore on the aforesaid scale. 3. The

el ectrical contact as described in Claiml or 2, wherein In is incorporated
therein in an anount of from1%to 9% by weight in addition to Sn 4. The
el ectrical confact, as (?éﬁr#ieg hgrgﬂys Qfg gf ot A 211280 Bnt '” as
addi ti ve conmponents ot er t 8R°&nd 1n th are incorporate | east
one sel ect ed from.the rou |_enen consisting of Sbh, Ca, BI Ni, Co,
Zn, Cu, RﬁF @elnTe d;ﬁﬁalﬂé g Aﬁpelectrlcal apparatus usi ng an

el ectrical contact as descrlbed in any one of Clains 1 to 4. 50
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