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of tungsten provided with a corrosion-resistant |ayer made of base netal
Due to its excellent burn-off resistance, of all high-nelting netals
tungsten is the nmetal of choice for use as a contact overlay in

el ectromechani cal sw tchi ng devi ces whenever high sw tching sequences
conbi ne Al iderable formati on of sparks are at issue. Provided that
t he congﬁ\gg 4135322212 sufficiently high and a m nimum sw tching voltage is
gi ven, tougdtener @Bhct pieces may be used free of trouble in various

swi t chi fprdeli Hd415EBh as nmotor vehicle contact breakers, notor vehicle
horns and relays. As a rule, the contact piece is nanufactured as a rivet
conprising a tungsten plate as a contact overlay .soldered onto a

ri vet - shapeshtactjiiede madelef wingsteh tprovided etithcoppreosiéu-resistagt lagdr mhdegft en,
however, is no noble netal. Wen swtching is performed under air, oxidic
coatings are to be expected at the WPF%%‘. The formation of corrosion on
tungsten contact pieces has been known to pose a problem for nore than 50
years and under unfavourable sw tching conditions inpairs the universal
appl i calbdel toVitsodxcelsig duanofiedstamel af hil highemehing mddald eungitep iaithe awthliofi hot
environnent (desert climate) the tungsten contact will  remai nh uni _a{]red
and f ul IchoIE iRl PSSy corsACtOVed Y i lepsemeshanicaeswifghing, godcrsr whengyer hig
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corrosion o e unprotected tungsten w result. e circunstances and
ef f ect s tlodt thehwntaet foatd WRufficiendyhigi anl amminiescawitrbthg voltapeisfghvdnowingsten
publications: . . . I .
contact pieces may be used free of trouble in various switching devices such as motor
vehicle contact breakers, motor vehicle homs and relays. As a rule, the contact piece is
manufactured as a rivet comprising a tungsten plate as a contact overlay soldered onto a

rivet-shaped support made of soft iron or copper (cf. Fig. 1).

Tungsten, however, is no noble metal. When switching is performed under air, oxidic
coatings are to be expected at the surface. The formation of corrosion on tungsten contact
pieces has been known to pose a problem for more than 50 years and under unfavourable
switching conditions impairs the universal applicability of tungsten as a contact material.
Under dry air and in hot environment (desert climate) the tungsten contact will remain
unimpaired and fully functioning for a long period of time. If, however, the surroundings are
accompanied by humidity (tropical climate), rapid corrosion of the unprotected tungsten will

result.

The circumstances and effects of the formation of corrosion are described in the following

publications:

Keil, A.: Eine spezifische Korrosionserscheinung an Wolfram-Kontakten.
Werkstoffe und Korrosion 7 (1952) 263-265.

Keil, A.: : Meyer, C.L.: Korrosionserscheinungen an Unterbrecherkontakten.

Elektropost 7 (1954) 93-95.
Vinaricky, Eet al.:  Elektrische Kontakte, Werkstoffe und Anwendungen, Berlin 2002,
p. 178.



Keil, A.: Eine spezifische Korrosionserschei nung an Wl f ram Kont akt en.
Werkstoffe and Korrosion 7 (1952) 263-265. Keil, A : Myer, CL.

Kor r osi onser schei nungen an Unt er brecher kont akten. El ekt ropost 7 (1954)
93-95. Vinaricky, E et al.: Elektrische Kontakte, Werkstoffe and
Anwendungen, Berlin 2002, p. 178. 2 The publications report on contact

mal f uncti ons due to rel eased organi c substances, in particular under
tropical conditions. Recently, intense research has been conducted with
respect The pElkhtisiisi RBsrt Wi Bodtadt! MaEEnctidons dhie abadeldaseddrganict hebswapicey, iwehi cl e
supply sector due to corrosion of the contact pieces. The sanme applies to
el ect r orpaBisalar eaderiwpippbcandéiangr er unni ng or mai n contacts of which are
coated with tungsten. Under warm and hum d climte, tungsten contact
assenblies tend to fail increasingly. This can be observed in a

stati st iRzabhtly, Shtehdel fageavély had bdenheunduaiod vt fespdct t@ ngalfunpriomsr with fhefareshi ng
the sales of a new notor vehicle type a specific nunber of notor vehicles is
pr oduc ednd gignghbomns im thegmotps vahiclsoRipply| spetos due o camrasion oh reeconirct Risiehs

under | N : ' i oner via
the. car tHEsrar appflsda SRRLbILONRicPRIRNP ErbniRl!of A chitaccabr MM
conpl ai neste@hetittungtdnhi ck oxide layer of tungsten oxide and tungstates

of ten becones apparent on and between the closed tungsten contact pieces.
Due to this intermedi ate | ayer, the contacts becone separated, the contact
resista ' hey. n o, ve been
made toﬁﬁﬁ%ﬁﬁ y ?ﬁ??maé ggpﬁ§hP%%gﬁg%gﬁ%gfgﬁéﬁ§@mf e cuggéﬂg%&g%%§bgg¥ly for
t he manuhmbe whedrved in a statistically striking way with hom contacts if, e.g., prior to launching

the sales of a new motor vehicle type a specific number of motor vehicles is produced for the
storage yard, possibly left to stand there for months under warm and humid conditions

before being delivered to the customer via the car dealer.

In case a horn ceases to operate, upon opening the piece complained about, a thick oxide
layer of tungsten oxide and tungstates often becomes apparent on and between the closed
tungsten contact pieces. Due to this intermediate layer, the contacts become separated, the
contact resistance gets high, the horn ceases to operate. Numerous efforts have been made to

remedy this defect which is annoying to the customer and costly for the manufacturer:

A method generally known to the skilled person is to coat the entire contact rivet with a thin
nickel layer prior to incorporating it into the switching device. Due to the passivation of
nickel, the switched-off contact remains clean and free of corrosion layers for a long time if
the nickel layer is intact. However, due to the necessary testing of the new horn at the hom
manufacturer’s, the Ni layer is partly destroyed at the switching surface. The protective
effect of the Ni layer decreases considerably. In a field test, a positive effect of nickel-plating

cannot be clearly proven any longer.

Another possibility would be to carburize the tungsten switch surface. A tungsten carbide-
containing hard layer some pm in thickness is formed. Without any doubt such a hard layer

shows increased corrosion resistance.



A nmet hod generally known to the skilled person is to coat the entire contact
rivet wwth a thin nickel layer prior to incorporating it into the switching
device. Due to the passivation of nickel, the switched-off contact remains
clean and free of corrosion layers for a long tine if the nickel layer is
intact. However, due to the necessary testing of the new horn at the horn
manuf acturer's, the N layer is partly3destroyed at the switching surface.
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furnace cannot be ru eover, 1 n bot s the thin protective
| ayer is destroyed by switching the horn on and the free tungsten in turn
is exposed to the surroundi ng at nosphere w thout proqtection, The preparation
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coul d not provee ?%emsel ves s ccessqu. nrﬁurth%f attenpts to i'nprove the
corrosion resistance of tungsten contact rivets consisted in
The preparation of such layers is costly and requires additional working steps, thus making it
too expensive. In practice, tungsten contacts comprising hard layers could not prove

themselves successful.

Further attempts to improve the corrosion resistance of tungsten contact rivets consisted in
silver-plating the contact rivet or in using a soldering metal having a high silver content

(thus, being a more noble metal) instead of the common copper solder.

These methods were also only used sporadically and did not bring about a drastic

improvement in corrosion resistance.

Thus, the object underlying the invention is to develop a contact piece consisting of a
tungsten overlay soldered onto a metallic support by means of a Cu or Ag hard soldering
metal, which contact piece does not exhibit impaired switching properties under corrosive

conditions, in particular under the influence of a warm and humid climate.

This object was solved by the surprising finding that by covering the solder layer and the
support with a thin base metal layer, the corrosion resistance of the tungsten overlay can be

considerably improved.

Thus, the subject matter of the invention is a contact piece comprising a tungsten overlay (1),

the solder (2) and support (3) of which are coated with a thin layer (4) of base metal.



silver-plating the contact rivet or in using a soldering netal having a high
silver content (thus, being a nore noble netal) instead of the common
copper sol der. These nethods were al so only used sporadically and did not
bring about a drastic inprovenent in corrosion resistance. Thus, the object
underlying the invention is to devel opga contact piece consisting of a
tungsten overlay soldered onto a netallic support by neans of a Cu or Ag
hard sol dering netal, which contact piece does not exhibit inpaired

SW t Chi HgeRREPEMbb&McHRAAR hCAVASE MR squ%&dxhﬁﬂ'té}Qﬁcldixﬂs Rab 5L AUingih ol T8Ehe t he

I nfluence of a warmand humd climate. This object was sol ved by the

sur pri sipnepafatiodiofi thet doatachgicemisalesanped freclgivisdero .ayer and the support with a
thin base netal |ayer, the corrosion resistance of the tungsten overlay can
be considerably inproved. Thus, the subject matter of the inventionis a

contact A\ &8 MBEERN dcthilthgdtd HRIZVERIAAVRAb R hetald mayt Bt &R Ed GAlchaistes upport
(3) of which are coated wwth a thin layer (4) of base netal. 4 Preferred

enbodi meperating comitionsiin thesglecttdeberisp] sseies awtmerne nggativeahastungsten. Prefarmgdt hod
for the reparati.on of the contact piece is.described in.clains to, 9. As
base motAREDERAE ing o EERETHY At BHEIEe tdSh) S48, PRAHERCPEIEE: whi ch
under  opREE spBd t6 ARdibdtARBerhital f€ice (RLLIFRENRITY SREhtBLfrbBIuAdEnPIcveRegat i ve
than tungsten. Preferred exanples are tin, zinc, nmagnesium and al um ni um

tin (Sn)n peichee fmhas raver topepagiaarbasuitable: Whatispe be emphasizeddh connastibeni cal

series, tih differs only slightly fromtungsten. Ho er in_practice tin
nas. pr oviHs Bt TeRithrion S s theCbP ddiof iiad PBEK S e sl iy o€ §
connect ivefy reddonfible peisd ¥aliiGedaPQMeicaly fraceiveirssulthat the latter is a nethod
whi ch can be carried out at a very reasonable price and gives an

esthetically attractive result.

The inventive solution is advantageous in that in the switching contact the burn-off material
tungsten is free of any protective/foreign layer and, thus, the latter can neither be destroyed
by the formation of sparks nor other disturbing influences upon switching have to be
reckoned with. The effect of the base metal layer is not achieved via physically covering the

tungsten to be protected, but is merely achieved by electrochemical means.

The inventors assume that by the formation of a local galvanic element under the inclusion
of a liquid film on the respective surface, the less noble metal (Sn, Zn, Mg or Al) preferably

dissolves under the present potential ratios for the benefit of the more noble tungsten.

If more noble elements such as copper (as a Cu solder) or Ag (as an electrolytic cover) form
a local galvanic element with W, the tungsten of the W-contact overlay will preferably
dissolve as the so-called sacrificial anode. In view of the formation of a local galvanic
element, Ag as a protective layer is counterproductive and copper as an adjacent solder layer
even promotes corrosion. The same presumably applies to Ni which due to the displacement

in potential behaves cathodically, i.e. more noble.
In the accompanying drawing:

Fig. 1 (schematically) depicts a contact piece for use as a horn and relay contact

which consists of a tungsten contact overlay (1), soldered by means of Cu or



The inventive solution is advantageous in that in the switching contact the
bumoff material tungsten is free of any protective/foreign |ayer and,
thus, the latter can neither be destroyed by the formation of sparks nor
ot her” di sturbing influences upon switching have to be reckoned with. The
effect of the base netal |ayer is not gchieved via physically covering the

tungsten to be prqtected, hut .is nerely aghieved by,.el ectr ] cal ans.
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drawi ng: Fig. 1 (safiberoridsioaliésgingdepi cts a contact piece for use as a horn
and relay contact which consists of a tungsten contact overlay (1),

sol dered by neans of Cu or 5 Ag hard solder (2) onto a netallic support (3)

whi ch accor d¢i e 1 | o0 sie 1.t.h e yar.64) .
Fig. 2 depi ?{hg gfghg\gn a%(fd g}\@ﬁgay mﬂ%s gﬁ{f\%gnswg{er P%ggpega%rg?&gllgﬁ%nﬁctgﬁl y
protected wavehtiOr:5 to 1mof an Sn | ayer after corrosion testing. Fig. 3
depicts a contact overlay nmade of Wof a rivet in accordance with the prior
art

Example 1:

Contact rivets comprising a tungsten overlay 4 mm in diameter and 0,8 mm in
thickness, soldered with Cu solder onto nickel-plated iron supports, are provided with
an Sn layer 0.2 to 2 um in thickness which is applied galvanically. Subsequently, the
tin only loosely adhering to the tungsten surface is removed mechanically by means of
sliding grinding. The thus ready-to-supply contact rivets are subjected to a constant
climate in the corrosion test:

48 h at 96% relative humidity and 50°C. During this test, about 20 pieces of the rivets
provided with a tin layer as described above and exhibiting an exposed tungsten
surface on a porcelain support are introduced into an exsiccator. The bottom of the
exsiccator contains a saturated potassium sulfate solution on top of which the relative
humidity is adjusted to 96%. On a separate porcelain support rivets in accordance with
the prior art — without any additional galvanic base metal layer — are added as a
reference. The exsiccator is temperature-controlled in a climatic test cabinet for 48 h at

constant 50°C.

The result after 48 hours is depicted in Figures 2 and 4. As compared with the non-
corroded standard (Fig. 3), the galvanically after-treated rivets show only slight
haziness at the contact surface. As regards the reference without galvanic after-
treatment, however, the W-surface is covered with thick greenish-brown crusts which,

starting from the periphery at the Cu solder, extend into the tungsten surface, in part up



as a reference prior to corrosion testing. Fig. 4 depicts a contact overlay
made of Wof a rivet in accordance with the prior art after corrosion
testing. The following non-limting exanples illustrate sonme preferred
enbodi nents of the invention: Exanple 1: Contact rivets conprising a
tungsten overlay 4 nmin dianeter and 0,8 mmin thickness, soldered with Cu
sol der onto nickel -pl at ed iron support$, are provided wwth an Sn |ayer 0.2
to 2 mint ' tin
onl y 1 oosel \© TSRERTATES trhls ARMrLARI B E Rl br R THN Blabln Iriticsey
nmeans of sIaredﬂomgtegrbdndeengtherfiesddhttmtxmdyat loora U will aBfidCin bn Vietsasde
subjected to a constant <climate in the corrosion test: 48 h at 96%rel ative
hum dity andoBi@et repptangendnsanseqently.dhgbieab doyn ek the oMt he rivets provi ded
with a tin |ayer as described above and exhi biting an exposed tungsten
surface on a porcelain support are introduced into an exsiccator. The bottom
of the exsiBxaaipbr2:contains a saturated potassiumsulfate solution on top of
which the relative humdity is adjusted to 96% On a separate porcel ain
support rivets in accordance with the prior art - wthout any additi onal
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t he non- corroded st ndar d (Fj.g0. aI vani cal | ter-t ed rivets
show only s|f?sgff§ as ?‘WBBE’ t‘bg‘ﬂé élbsﬁé B‘r‘sf g1s %‘F IETE{"‘f SUPRPR ence
wi t hout gal VAR Ea Biuldtarnish upon corrosion. The rivets become unsi ghtly.

The base metals Al and Mg show a similar behaviour as Sn and Zn. The application of

the galvanic layers, however, is somewhat more difficult and costly with these metals.



treatment, however, the Wsurface is covered with thick greeni sh-brown
crusts which, starting fromthe periphery at the Cu solder, extend into the
tungsten surface, in part up 6 to its center. These crusts are probably
inorganic salts of copper and tungsten. If these are |located between the

cl osed contacts of a horn, this will result in an increased contact

resi sta e7 asrig rﬁequently, t he break down of the horn. Exanple 2: The
experi w?p& g f’ﬁthe same as in Exanple 1. Instead of Sn, Zn is used as

an add H%‘ c layer. The conparison with an untreat ed standard

gi ves siQHrR&f HAGKUEPs as in Exanple 1. What is disadvantageous here is that
the zi nk-plated support shows a bluish tarnish upon corrosion. The rivets
beconme unsightly. The base netals Al and My show a sinmlar behaviour as Sn
and Zn. The application of the galvanic |ayers, however, is somewhat nore
difficult and costly with these rretgj_‘%mgm 72 8163.9-2214 Loui s Renner
GrbH Qur Ref.: H1112 EP CLAIMS 1 contact piece conprising a tungsten
overlay (1) soldered onto a netallic support (3), characterized in that at
| east portions of the solder |ayer (2) and optionally the support are
covered by- a# ggRctgiccy wmpamrm) tungstem 0V§f14)’e§1§ salsisted eiad nefAldist WAPO. The

cont act i ecey asy, Gl abieg hing #11Bhd pofliRS 346 L8 thflr B3 nd BpribeTne! L he

| ess noble
support are covered by a layer of a metal (4) which is less noble than tungsten.

2. The contact piece as claimed in claim 1, characterized in that the layer of the less

noble metal is 0.1 to 20 um thick,

3. The contact piece as claimed in claim 2, characterized in that the layer of the less

noble metal is 0.2 to 2 pm thick.

4. The contact piece as claimed in claims 1 to 3, characterized in that the less noble

metal is Sn, Zn, Mg or AL

5. The contact piece as claimed in claim 4, characterized in that the less noble metal is
Sn.

6. A method for the preparation of a contact piece as claimed in any one of claims 1 to
5, characterized in that a fayer of a less noble metal than tungsten is applied onto the
contact piece and subsequently base metal which may be present on the tungsten

overlay is removed.

7. The method as claimed in claim 6, characterized in that the layer is applied via

electroplating.

8. The method as claimed in claim 6 or 7, characterized in that the base metal is applied

selectively onto the solder and the metallic support.

9. The method as claimed in any one of claims 6 to 8, characterized in that the re-



3. The contact piece as clainmed in claim2, characterized in that the |ayer
of .the less noble netal is 0.2 to 2mthick. 4. The contact piece as clained
inclains 1 to 3, characterized in that the |l ess noble netal is Sn, Zn, My
or Al. 5. The contact piece as claimed in claim4, characterized in that the
| ess noble netal is Sn. 6. A nmethod for the preparation of a contact piece
as clainmed in any one of clains 1 to §, characterized in that a | ayer of a

| ess noble netal th st en | lie tact piece and
subsequentlyeﬁgggﬁaﬁﬂ lﬁ%mgﬂ EUHEQ 38 %ﬁ?iﬁ%ﬁ?%ﬁ sten overlay is

renoved. 7. The nethod as clalned in cIa|n16 characterized in that the

| ayer is applled via electroplating. 8 The nethod as clainmed in claim6 or
7, char actler iUss@fithe eamsact pigee B%@lélm@tlmanwnagﬁpliagaﬁ 8@ P ag pihpE) QOHELET Bhe

sol der and tgaagﬁ&ﬁb&lc support. 9. The nethod as claimed in any one of
clainms 6 to aracterized in that the re 8 exposure of the tungsten
overlay is carried out by sliding grinding. 10. Use of the contact piece as
claimed in any one of clainms 1 to 5 as a horn contact or a relay contact.



