84192 "A METHOD OF REPLENI SHI NG W TH PALLADI UM A PLATI NG SOLUTI ON FOR -
ELECTRODEPOSI TI ON OF A PALLADI UMt Nl CKEL ALLOY" This invention_relates to
métlhods of repl eni shing with palladi um plating solutions for 2084192 '
el gctrodeposition of palladium 5 ni ckel alloys. Heretofore .
€l ectrodeposition of a palladiumnickel alloy has been effected using a -
pl ati ng sol uti on which conpri ses "ac],[uéous anmoni a containing 5 to 30 g/l of
palladiumand 5 to 30 g/lI of nickel using the process disclosed in British

Pat ent Speci fu,cat NQ 4 ..This has produced a .

pal | adi um ni c@e@%@oé&"ﬁé‘%?*&\% ﬁﬁﬂ%%&F%%% BITENG SOOTERN o 0006 by
wei- ght and e lﬁfﬂ%{a S reshs | l.at [, ng sol ution

di scl osed i nygrﬁi trs é% ent g%éc(%‘slhc% | on%‘%%ﬁf&@gl pal | adi um and

ni ckel form anm n ' t | | Net us a nia. In
particul ar 15 ?%QB’%%&%%S}QS?SS?&S%%# tgﬁe %&%g%%g ngrr?'r{l}%‘?a to form

t et ramm nepalgaagidsmm bide |Q¢5itﬂﬁoglg(fd¥ @lé&&?ﬂ&ﬁ?%ﬁ?%@%ﬁs

t et ramm nepal | adous chl ori de or palladous anm ne ¢

el ectr o8eposinickel @rregeds, palladiumin the plating solution is gradually
used up. For instance, as shown in Exanple 1 20 descri bed herei nbel ow,
when produci ng a [Berktcfare alekaiodapditida pasial piFldaiul-ilcXel NgLISY Kdd ON
conpri si ng aqueous ammoni a containing 20 g/l of palladiumand 10 g/l of

ni ckel , aboukegn pfiflecped [usdham aidt il w16t forg whichicolptisdscadmasdusper litre
of plating solution in 3 hours under the conditions described in Exanple 1.
25 | In ot h@FmoRiad sontaieipg| $ & 3¢ 9Onebrpaldeiddmm jandt Betpl3at gflg ool uti on

nickel using the process disclosed in British Patent Specification
10 No. 1 143 178. This has produced a palladium-nickel alloy deposit
having a palladium content of 30 to 90% by wéight and excellent
corrosion resistance. In this plating-soiution disclosed in British
Patent Specification No. 1 143 178 palladium and nickel form ammi#e
complex.salts and dissolve in the aqueous ammonia. In particular
15 the palladium is dissolved in fhe aqueous ammonia to form
tetr;mminepalladium (II) chloride Pd(NH3)4C12 (sometimes known as
tetramminepalladous chloride or palladoué ammine chloride).
As electrodeposition proceeds, palladium in the plating
solution is gradually used up. For instance, as shown in Example 1
.20 described hereinbelow, when producing a palladium;nickel alloy
deposit using a plating solution cémprising aqueous ammonia
containing 20 g/l of palladium and 10 g/l of nickel, about 2 g of
palladium and about 0.5 g of nickel are lost per litre of plating
solution in 3 hours under the conditions described in Example 1.

25 In other words, the palladium concentration in the plating scolution



-2- is,reduced fromthe original 20 g/l to 18 g/l after 3 hours. In orde@-
to perfermnornal el ectrodeposition, it is desirable to nmaintain the

pal‘l adi um concentration within the range 18 to 22 g/l and to maintain an
adequat e standard of el ectrodeposition it is 5 - necessary to correct the
pal | adi um concentration in the plating solution by replenishing the '
p%T;I adium This replenishnent is acpieved -3- conventionally by
intermttently adding a palladiumsalt to the plating solution after

determ ning the palladiumconcentration by, for exanple, quantitative

anal ysis. The akbdsbiedNescl thegyigyral 20r g/1hits 1 jal/knafteredthobas, ' .
heretofore, been for exanple, 5 a pal l adousanm ne conpl ex salt such as
di chl or odi amm 11e paddn dbUper£ogh [ rinh) [ lettyodrpoaitsianl, Sudls @esigableadtbum
chloride (Pdd 2), an al kalichloropalladite such as potassi um

chl or opal | adi tmmipfatn the opalastbmi concéritzabpa Withine themahye 18TheR2 gélt s
rare all soluble in aqueous anmonia and chemcally react with the 10

ammoni a to f orand ¢ reeintabpan| adiquate |Stpndand of deleckrrederpriyionThl 481own
sal'ts can be directly added to the plating solution and dissolved therein,
hut sinceSthe RARFSAMEY SOneXFerht thonPriladhim ORCPRFastPRdfofhs SLPE% i vel y
l'ow, usual |y about 5 %/I, it takes time for_the sagt to bg di s§olved gnd

t her ef ore t he mlé:p,i% y replenishing the palladium. This replenishmen .s achiev



operation has to be suspended during that tinme. For exanple, to
ve 4 g of dichl orodi amm nepal | adi um whi ch corresponds to 2 g of

fumin 1000 cc of the plating solution of Exanple 1,; takes 30 to 60
es even if the plating solution is stirred. Wth other pall adi um

salts, an even longer tine is needed. 20 Thi s i npedes the snooth _
progress of the el ectrodeposition inj,a factory. Alternatively, it is also i
possi ble to dissolve these salts in aqueous anmonia prior to addition to *
the plating solution. This overcones the necessity to suspend

el ectrodepos b&ﬁ&@;&i@&lhyﬁhﬁy %tmy&éﬁ%ﬁ]ag&?ﬁ PRl i wokiid @8 adual ly

I ncreases by repeated -4- replen e palladiumin this manner

and thus Uhnﬁsﬁéﬁﬁr ¥ollt3bhNeR! ditdhihsnd kBe! Sih1aB0im GCRERAEathén -
solution with a palladium concentration of 150 g/l (the saturated solution
at [err]) i sp@jTiceyetemlag hqimitieatisienilysisl Wte piladilcédlmn i ncreases 5
the volune of 1000 cc of plating solution by 13 cc. |I'n other words, under
t he conditi oespXdye@xfdiplthis, réflefii Stlenti uk ,Ohefetpdbrafidednstdd edamsiel,ved in
aqueous ammoni a i s enpl oyed and even though this solution is a saturated
sol uti 6n, tha palladeusdmriine ¢mpliesngsalel stcloasi dichloredizmaihgpalladbumaf t er
every three hours of el ectrodeposition. 10 Thus as the el ectrodeposition
proceeds, thdP@(NR,) 58l polowt & csaltostemaespaldaniur shderide \)(Bﬁ@llge) by an amount
greater than the I'oss due to evaporation and this increase in volune .
becones a pr 8B| akalichloropalladite such as potassium chloropalladite

<

(Kdecl 4) ©r ammonium chloropalladite ( (NH &) oPecl 4) - Thesé salts
are all soluble in aqueoué ammonia and chemically react with the
10 ' ammonia to forxm tetramninepailadi\m (:I'I) chloride ( (PQ (N‘HB) 4012) .
The known salts can be directly '.ad'ded to the platihg sollution
and dissolved therein, but since t.he ammonia concéntration in the
plating solution is relatively low, usually ﬁut 5 g/ 1, it takes
time for the salt to be dissolved a.nﬁ therefore the plating
15 "operation has to be suspended ;dv..u:ing that time. For example, to
diss.olve. 4 g of dichlor'odiamminepailé.dium which .corresponds to
2g c.:f palladium in 1000 cc of the plating solution of Example'l,;
takes 30 to 60 minutes even if the plating solution is stirred.
With other palladium salts, an even lénger time is needed.
20 This impedes the smooth progress of the electrodeposition in a
factory. SR o - | : C»
Altezﬁativgly, it is also possible to dissblve these salts
in aqueous ammonia prior to addition t§ the plating solution.
This overcomes the necéssity to suspend electrodeposition, but the

25 volume of .the plating solution gradually increases by repeatedly



in time. To overcone the problemthe volunme of the plating solution may pe, .
kept.constant by renoving sanples and either 15 separately recoveri nyg:
~palladiumfromthe sanples or heating the sanples to evaporate the water to
reduce their volume and, where appropriate, returning the sanples to the
plating solution. Such operations, however, not only increase cost but nmake

tfe process inconvenient. 20 - 4The conventionally enpl oyed salts
repl eni shing the plating solution such as dichl orodi anmi nepal | adi um Pd
[err], palladiumchloride Pdd 2, potassiumchloropalladite [err], amonium

chl oropal | adi #¢p1bR{dHingt €he PatladiumS Oh WHi8 hdhrRS CHE tAREIQRANEcANA

chemcally react with the anmmonia to form an aqueous sol ution 25

for

of an

amm ne conpl exlat@hd ,solatidh A8 Efddtledl S FeRObpintAe§di Val Boidi8on with anetal lic

ion, the conplex salt being tetranm nepal |l adi um
To overcone tgededimokbbacentiraeiqi FCDS0 igyLe (tle) Bat@Ritedt blvitdunh & 20

of replenishing with palladiuma plating solution by addition of
crystalline tis eaplhyedpatdcidireplénishment of 2RIAL bflpaltadiien phoiddigs

sol uti on.

According to the present invention there is provided a nethod

1) chloride Pd(NH3) 4C12.
t hod

of

reepl-eni hi ng et Mopuiel afi 1000acp| <ft phagtiwl sblwrionhby H3cca! aimsothdrowdiisg/ |

of ni ckel

and which is used for el ectrodeposition of a palladi umnickel

al l oy, the netied ErarsPrditigngdelf Myauplestlal 4f me s¢butiont of raawrikesiian| adi um -
(d1) chloride to the plating solution until the

10

- 20

25

.solution such as dichlo::o’diaminepallédimn Pa (N_H3) 2c1

salt dissolved in aqueous ammonia is employed and even though this

solution is a saturated éolution, the volume of the plating soluticn

-'is ‘increased by 13 cc after every three hours of electrodeposition.

Thus as the electrodeposition proceeds, the plating-s'olution

continues to increase in volume by an amount greater than the loss

due to evaporation and this increase in volume becomes a problem

- in time. To overcome the problem the volume of the plating

solution may be kept constant by rénoving’ samples and either
separately _re(;overj,ng palladium €from the samples or heating the

samples to evaporate the water to reduce their volume and, .where

. appropriate, r'eturn;ng the samples to the plating solution. -

Such_ operations, however, not only increase cost but make the

process inconvenient.

The conventionally ‘employed 'salts for replenishing. the plating
o+ palladium
chloride _Pdclz, potassium chloropalladite Kdecl " ammonium
chloropalladité (NH 4) 21>dC1 4 ete. are all solﬁble in aqueous ammonia
and c_hemic;lly react with the ammonia to form an aqueous solution

of an ammine complex salt, in which N_H-s is coordinated with the



content of palladiumis 5 to 30 g/l. Since crystalline tetranm nepalladium
AAN chloride is readily soluble not only in. water and agueous anmmoni a but
in the plating solution itself, the direct addition thereof to a
g solution 15 having a relatively | ow anmoni a concentration can

| gni sh the plating solution wi thout the need to suspend the , :
el ectrodeposi tion or cause an increasg Ln volune of the plating solution. ;;,
For exanple, when 5 g of crystalline tetranmm nepalladium (I1) chloride

~Pd[err] (2 g as palladiun) is added to 1000 cc of 20 the plating solution

and stirred, jdeal$ic6h| ol ¥ord19K0580bbihd) tatdfmindBalib&ur (EY hOd

-according to the present invention can al so be applied where the plating

sol ution i ncl aiesidd PaQie, 0CLIDI @olbvetidoné AtikaEé Corobl @k the Gredamht hal ene .

sul phoni ¢ acid, an or gani%"‘ac d saft and an 25 i norgani c acid salt.

Furt her, the imiehbibr se€ks doapydvidald method @f ieéplanpsiningneitdo palladdum
prepared using di chl orodi amm nepal | adi um or other palladiumsalts. Still
further, the agilabihg snlbcionphy iadditigapll| aystallinkctetraominepadhaidmnr at i on
and hence the pH of the plating solution. Tetranm nepal|ladium (11) chloride
exists id 5 (II)f chinrifievim@he plathagrisodhtias.nul ae [err] and [err], either
of which is obtained as a white to slightly yellow sh crystalline powder.
An aqueous sol uti ofFeerding reanthee PXPFeRt dRYSOHLPR cHhegr| $fo provided a method

. of replenishing with palladium a plating solution whiéh contains
5 to 30 g/l of nickei and which is used for electrodeposition of a )
palladium-nickel_alloy, the method comprising adding crystalline |
1o tetramminepalladium (II) chloride to the plating solution until the
: content of palladium is 5 to 30 g/l.. | -
Since c:ystalline tetramminepalladium (II) chloride is readily
soluble not only in water and aqueous ammonia but also in the plating
solution itself, the direct addition thereof to aiplating solution
15 _ - having a-relatively low ammonia concentration can replenish the
| plating solution without the need to suspend the electrodeposition
or cause an inérease in volume of the plating solution.
Eor example, when 5 g of crystalline tetramminepalladium (II)
chlor;de Pd(NH3)4Clz.Hzo.(2 g as palladium) is added to 1000 cc of .
20 the_plating solution and stirred, it is completely dissolved in
O.5_to 1 minute. .
A métﬁod according to the presentlinvéntiqn can also be applied
wheré the plating solution includes any one or more of an aromatic
sulphamide, naphthalené_sgiphonic acid, an_qxganic acid saltland an

25 inorganic acid salt. Further, the method is also applicable



exhibits an amoni a al kalinity due to the fol | owi ng chemical 10-
equi lTbrium [err] If the anmoni a generated escapes into the atnosphere, P
t he eqU|I|br|um|s shifted to the right and di ssol uti on becones i nconpl ete:
~Therefore, in order to maintain an aqueous solution of tetramm ne- 15
pallédiun1 (11) chloride stable, i-tgis desirable that an excess of ammonia
|.§ al ways present in solution. Since the plating solution already contains .
aygueous anmoni a, tetranmi nepal l'adium (11) chloride therein is stable. -Since

t et r ammi nepal #ea @i BARARY )”éﬁ?—%ﬁﬂ greparedcaniingy dichlopediammingpad tadiymed®is ani a

and the: plathgE sol ution, t he S|ze of the crystalline particles
thereof is ndl Flﬁﬁléaﬁi““EME Stlldgfurthery iy Bethed) FarbEnIPRIfed

di chl or odi ammi ne ad |( NH3) 2C12 was_di ssol ved |n 700 cc f _water and
90 cc of 2596589 %& e SAmmRLs SEeRe R TR s 95 g (10 g

es ad; ust od 1 HEiGp SUI'%% rlepet i B gReg %xérg%ﬁ‘f‘ghtﬂzté’f
vas added to. esfﬁgqrﬁgftﬂeoaeém\egi E&é@??ﬁéng%%ngeﬁﬂuh' fgkabl 16,0

solutiofm had t ng conposition

7.7 gl (Pd ei%Qe:g/ Af) WMJIFEE]%btai??d as. a white to sliglll‘ﬁ:lglﬁel(luhish’l'o g/l)

Terr]
crystalline powder.
An aqueous solution of .t,etraminepalladimi' (II) chloride
exhibits an ammonia alkalinity due to the following chemical
10  equilibrium: |
Pd (vE

—p P (NH + 2NH

3) %1 32 3
If the ammonia generated gs_c':apes into the atmosphere, the _
equilibrium is shifted to the right and diséolution becomes incdmplete; _
Therefore, in order to maintain an aqueous solution of tétrammine-
15  palladium. (II) .' chl§ride'stable, it is desirable that an excess of
| ammonia 1s alwéys present in solution. since the plat;ng solution
already contains aqueous ammonia, ._ tetramminepalladium (II) chloride
therein is stable. Since tetraminepailadium (II) chloride is
readily s_oluble in water, aquecus ammonia .and the plating solution,
.20 the size of the crystalline particles thereof is not critical. |
EXAMPLE 1 |
s | 139.7 g (20 g as palladimm) of dichlorodiamminepalladium
PA(NH,) ,C1, was dissolved in 700 co of water and 90 cc of 25%
aqueous ammonia. Then 50 g of ammonium sulphate and 45 g (10 g
25 as :nickel) of nickel 'sulphate Nis0,-~6H,0 were dissolved and the
pH was adjusted to 8.5 to 9.0 using dilute sulphuric acid, after

‘which water was added tp make up the total volume to 1000 cc.

The resulting plating solution had the following composition:



. 8.5- 9.05 Tenperature: -
rr]. Vol une: - 1000 cc and was used to

gt rodeposit a palladi umnickel alloy under the follow ng conditions:
pi ece as cat hode ' Brass plate 10 Cat hode surface |
area [err] Cathode current density: . [err] Anode:
Pal | adi um pl ate Anode current densiy [err] Current concentration: gv
0.5 A/1 15, El ectrodeposit al | oy 80% Pd and 20% N 3
Density of the electro- 11.0 g/cm deposited alloy: Current
efficiency: 99% Al [ oy el ectrodeposition rate: 0.0141 g/mn.

(Pal I 'adi um el ect r cd<N®. ?%tclga (0.0113 g/ m B7rfEe)(Pa2ROAGYEY every 30

m nutes of el ectrodeposi the test piece was replaced and whenever the
pal | adi um concent NABOI6H Ot he pl ati ng sol ut450g/Hr ipelb lgdw 18 g/ | or the
ni ckel concentration dropped below 9 g/l, a calculated ambunt of either

crystalline tet rarﬁfﬁgbzs%ﬁ pal | adi um (I I )SOCQYbrl de [err] or crystalline
ni ckel :

pH: : ' 8.5 - 9.0 i
5 Temperature: 25% ®
Volume: - | 1000 cc e
and was used to electrodeposit a palladium-nickel allay under the .
following conditions: |
Test piece as cathode Brass plate
10 ' cathode surface area R 0.5 ém?
‘Cathode current density: 1 a/dm>
Anode: ' Palladium plate
Anode current density: l.A/dm2 |
Current conéent:atlon: . 0.5 a/1
15 - -Electrodépoaited alloy: | 80% PA and 20% Ni
'Density of the electro- 11.0 g/cm3
deposited alloy:
Curxent efficiency: - 99%
Alloy eleétrodepositian rates 0.0141 g/min;
(Palladium electrodeposition (0.6113 g/min.)
rate) : . _
20
After every 30 minutes of electrodeposition, the test piece )
was replaced and whenever the palladium concentration in the plating ¢

solution dropped below 18 g/l or the nickel concantration dropped
below 9 g/1, a calculated amount of either arystalline tetrammine-

25 . palladium (II) chloride pd(zm3) L£1,-H,0 or crystalline nickel



-8- sujphate [err] was added to the plating solution to return the
concentration of palladiumor nickel respectively to the original initi
concentration. The pH adjustnment was effected by adding cal cul ated anmoun
of 25% aqueous ammoni a. The electro- S - . deposition.proceeded until the
total anount of palladiumrepl eni shed had reached 40 g/l. It was found that
thv crystalline tetranm nepal | adium (H 8 <€hlori de was conpletely drssolved
in"0.5to 1 mnute, during which el ectrodeposition was suspended. No

abnormalities mere observed 10  in the palladiumnickel alloy deposit
‘produced, thg, 0 an wer e
~good.- No subst tial &irlr?gﬁeéadsj-’g %ﬁé\t?dﬁgs% ?ﬂgn"?%rrlgis%g“ég ut%°on%\r%v5xs'

1, 3, 6- napht hal enetrisul p
sol Uti on of EXAIRRE fhitlsl NbokbRNabiNd raal 2@, ustiin€ RS B LH W

b d. E n
observe X&@E@n&ﬁaﬁﬁongeﬁﬁ‘%ﬁi&n&é gg{?%ogh%ﬂ LRSS B the pI ating

conduct ed under the sanme conditions as those in Exanple 1. The sane results
wer e obt ai nedy eagRy dallehlited Bidutenes psef &mueaémqwm inekelectld-OY
deposrt was i nproved. 20 EXAMPLE 3 19. 9 g (10

& as péal | adi aepositich gitbosaitidaanticpht | totiallNancrint] of\ga1 Ui &S Yéiﬂ.ehﬂsﬂéw cc
of water and 30 cc of 25% aqueous ammoni a. Then, 50 g of anmmoni um sul phate

‘and 45 g (10haad xeacheakdb)glf. ni ckel sul phate [err] were di ssol ved therein
and 25 mater was then added to nake up the total volume to 1000 cc.

. It was found that the crystalline tetramminepalladium (IX)
chloride was completely dissolved in 0.5 to 1 minute, during which
electrodeposition was suspended. 'N.o abnormalities were observed

10 in the palladium-nickel alloy deposit produced, | the adhesion to the

.~ test piece and oorrosion_ resiste.nce were good. No substantial

increase in volu_me of the. pla.ting solution was obseﬁed.

| EXAMPLE 2

- As a brightener 5 g/l of sodium ].-,3,6—naphthalenetrisulphonate

‘15 | was added and dis‘solved in the plating solution of Example 1 '
. Using the plating solution, an- experiment was conducted undexr the

same conditions as those in Example l The same results were obtained
except that the brightness of the pall_adium—nic_kel alloy deposit was

improved.

20 . | _ ' | EXAMPLE.3 -

(4]

19.9 g (10 g as palladium) of dichlorodiamminepelladium
: Pd (NH3) 2 was dissolved in 700 cc of water and 30 cc of 25%
‘aqueous ammonia. Then, 50 g of ammonium .sulphate and ‘45 g (10 g as
"nickel) of nickel sulphate NiSO 4;6_320 were dissolved therein .and

25 - water was then added to make up the total volume to 1000 cc. -



O The resulting plati
%}s g/1 (Pd: 10 g/1) [
\RE4Z) 2504:

7.5 Tenperature:

~a pal |l adi um ni ckel
1000 cc 10
.surface area:

7.0 -

err]
50 g/l 5

Test piece as cathode:

Pal | adi um pl ate Anode current density:

concentration:

ng solution had the follow ng conposition:

[err] 2 Cat fofe~ cur r ent density:

0.5 A/'1 El ectrodeposited all oy

[err],
45 g/ | 10 g/l)

pH

(NI :

30 C and was used to el ectrodeposit
al I oy under .the follow ng conditions:

Vol une:
Brass plate 2 Cathode '¥£
[err] Anode:
Current
55% Pd and 45%

1 A/[err] 15 -

'Ni 3 Densit y*Rf *eRaliingc ptating s°1“tfendlﬁdgFEﬁ1%ﬁ8‘§%6°“aP?Wi°@rrent

ef ficiency:

1o

._ji|

20

25

9996Alloy el ect rodeposition.rate: }20 g/nln
PA (NH,) ,C1,: 19.9 g/1 (Pd: 1o g/1
NiSO,.6H,0: 45 g/1 (NI: 1q-g/1)
(m,) ,S0 50 g/1
pH: '7.0 - 7.5 . -
30% _ S

Temperature:

and was used to electrodeposit.a pa;ladium-nickel alloy under the

following conditiqns:

Volumes:
Test piece as cathode:
Cathode surface aréa:.
Cathode current density:

" Anodes
aAnode current density:
Current concentration:
Electrodeposited alloy:
Density of the electro-

deposited alloy:
Current efficiency:

1000 ce

‘Brass plate

0.5 dm>

1 a/an?

"Palladium plate

1 2/dm>
0.5 a/1
55% Pd and 45% Ni

10.04 g/cg

- 99%

Alloy eléctrodeposition rate: 0.0120 g/min.

(Palladium electrodeposition
rate) :

After 30 minutes of electrodéposition, the test piece was

(0.0066 g/min)

replaced, and whenever the palladium concentration in the plating

solution dropped below 9 g/l or the nickel concentration dropped

below 9 g/1, a calculated amount‘ of either crystalline tetrammine-



20 r « (Pal | adi um el ectrodeposition (0.0066 g/m n) rate): After 3
m nut-es "of el ectrodeposition, the test piece was replaced, and whenever
pal | adi um concentration in the plating solution dropped below 9 g/l or the

ni ckel concentration dropped 25 below 9 g/l, a cal cul ated anount of

either crystalline tetranm ne- - 10- palladium (l11) chloride [err] or

cpystal line nickel sulphate [err] wel® added to the plating solution to

return’the concentration of palladiumor nickel respectively to the
original concentratian. The el ectrodeposition proceeded until t he

5 )
. I fy Ll i | d 20 I I dth
the cryoral| S REE AT GBI BAGH 15 RSN OO Chdtaihame Atbeh ! s ool vod.

in 0.5to0 1 ﬁd&#ﬂ%{%&géﬁhw@eﬂ gg&é&)Qgp%%glgﬁ%wgofgtm%uggerrég;eg. The

pal I'adi um ni oy d&po@it produced was no abnor nali L1 es were

observed and tifd concen®B&EidN ok bd1l8ates Iorphmla?gsr%gg:?p%ﬁg Bl St-ance

t hereof were good. No substantial increase in vo pl at'i ng

sol ution was &Q&Eﬁa&e@onéén&%%i&?.enTﬂ@%&?@&%@!@i&d‘&@ééﬁE@%ﬁ%mI on can

be repl enished sinpty and wi thout generation of amonia and this has 15
g/ eat [Bacti cle ebtACmount of palladium replenished had reached 20 g/l.

i. .
e
‘{.u

It was found that the crystalline tetramminepalladium (II)
chlorxide was complet.e.ly dissolveé in 0.5 to 1 minute during_wl;ich
'el'ectrodeposi"tion was not suépended. The pﬁl_._‘l.adium-nickel alloy".
deposit produced was bright, no abnbrmalities were cobserved and

lo _ adhesion to the test piece and corrosion resistance thereof were
* . ..agood. No sgbstantial increase in volume of the plating solution
was observed.

As has. béeh described above .the ‘plating so:I.ution can be
replenished simply and. without generation of ammonia and this has

15 .. great practical effect. ' . : )



Al . met hod of replenishing with palladiuma plating solution
th c%ﬁﬁ@fhﬂf ni ckel and which is used for
. trodebiﬁ”ﬂ!mgm | adi um ni ckel alloy, the method conprising adding
crystalli ”ﬂ:’gﬂladi um (t1) chloride to the plating solution ungil
the content of gal Padsum1s 5 to 30 g/l. 2. A method as clainmed in claim .
1 in which any one'or nore of an arqmatic sul phanide, naphthal ene sul phoniggs
acid, ,an organic acid salt and an inorganic acid salt are added to the
aqueous sol ution. 3. A nethod as claimed in claim1 substantially as
herein described with reference taciaImsples 1 to 3. The text of the
speci fication has been reproduced by photocopying the applicants original .
typescript. It may contain a few anmendnents which are difficult to read.
The original typesarhgthodonf zieplemishiag evikhepaliedivn maplasdngnaqiadieri on the

prem ses of the Patent O fice .
which contains 5 to 30 g/l of nickel and which is used for

electrodeﬁosition ‘of a palladium—nickel alloy, the method-qomprising ;

adding crystalline tetramminepalladium (II) chloride to the plating j
5 ' solution until the content of palladium is 5 to 30 g/l. “ay

2. A method as claimed in claim 1 in which any one or more of

_ an aromatic sulphamide, naphthalene sulphonic acid, an organic acid
salt and an. inox;ganic acid salt are ';dded to the aqueous soll.ut:F.on.
3. A method as claimed in claim 1 substantially as herein

loz described with reference to Examples 1 to 3.

The text of the specification has been reproduced by photocopying the applicants original
ty;eecrlp:. Itpmy contein a few amendments which are difficult to read. The original
typescript containing these amendments may be inspected on the premises of the Patent Office
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