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ELECTRALYA| C DESI LVERI NG AGENTS AND ELECTROLYTI C 3
DESE LVERI NG METHOD This application is a divisiona
application of Slngapore Pat ent Application No. 9609924-7 filed on
-30. 05. 1996. This invention relates to electrolytic

desi |l vering agents and el ectrol ytic desilvering nethod using the sane,
and - nore specifically to electrolytlé desilvering agents and de-

silvering nethod swtablg$Ifl peel i ng of f
unwanted silver plated p ' . The term
"desilver" is herein used t % [ fromsilver
pl at ed surface unwanted si|ék§32“hﬁiﬁ?ﬁlﬁgﬁéﬁﬁgﬁiﬂdIﬂ%ﬁﬂ&b Thi s
invention also relates to electrolytic desilvering agents and
desilvering nethod which permt the prevention of tarni shing or
corrosion during stopfge OfagiASidat8ior By t % OlgivisiUHAWP! S RASeb®N of
copper, copper alloy, or the'like The el ectrolytic

desi | veri n§ingaporeakdtent Appﬂa¢auibngNo. 9608984n2 Oiledi eni B0eOSi dA%E0
not adversely affect the bondability of the desilvered parts in the
bondi ng step known as di e bonding and wire bonding.

This invention relates to electrolytic desilvering

agents and electrolytic desilvering method using the same, and
more 'specificallly to electrolytic desilvering agents and de-
silvering method suitable fbr electrolytically removing or peeling
off unwanted silVer plated portions from silver plated surface.
The term "desilver" is herein used to mean removing or peeling off

from silver plated surface unwanted silver plated portion(s).

This invention also relates to electrolytic desilvering
agents and desilvering method which permit the prevention of
tarnishing or corrosion during storage of desilvered parts or

workpigces based on copper, copper alloy, or the like.

The electrolytic desilvering agents and the method using
the same of this invention do not adversely affect the bondability
of the desilvered parts in the bonding step known as die bonding

and wire bonding.

Electronic parts and devices, such as lead frames
and connector pins, are often partially plated with silver.
The surface portions not to be silver-plated are masked

or otherwise shielded, and yet the silver plated film
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El ectronic parts and devices, such as |ead franes and connector pins,

are. oft'en partially plated with silver. The surface portions not to be
silver-plated are nasked or otherw se shielded, and yet the silver
plated filmJ[err] 2 occasional ly

ext‘ends over base surface portions mhgre such silver plating is not
desired. When this happens, the “excess silver plated film nust be
taken away. A nmethod known in the art for renoving the unwanted silver
fllim i Sdeiditha ] £OLELLNaECOIES! bUQ M1 fliSe ChEELEBLY e ESIET | NG

met hod conprises Tmersing the excessively silver plated workpieces into
a bath of fiesi 4¥eeing 2a0eAbt(desikvari ng soluthdnkn2R0nabRLiy] nehU!

el ectrolysis using the objects as anodes, thereby renmoving the unnecessary

silver diddapokii P88 platedEEedin’ Rlaid WL YRT bRdval tk4§Mﬁ
hitherto been used ilralclau‘ae concentb)réteat gjdéi%f%ri% agi d&ﬁ%ﬂ w th sodi um

ni trat gn Ofee COPEAEBENGeRoTY AROGRE GRF 80lvepesi PRsSed ¢ LnaPdi um
t hi osul fate. They have presenfed probl ens of :

electrolytic desilvering. The electrolytic desilvering method

comprises immersing the excessively silver pléted workpieces
into a bath of desilvering agent (desilvering solution) and
carrying out electrolysis using the objects as anodes, thereby
removing the unnecessary silver film portions.

Electrolytic desilvering agenfs that have hitherto been
used include concentrated sulfuric acid mixed with sodium
nitrate, one containing a cyanogen compound, and ones basad
on sedium thiosulfate. They have presented problems of
attacking even necessary silver plaﬁed portions while etching
the base (copper or copper alloy) or needing care in handling
because of the high toxicity of cyanogen compound.

In view of these, desilvering agents that do not use the
dangerous concentrated sulfuric acid and highly toxic cyanogen
compound but are composed maiﬁly cf a cyclic acid imide that
contains one nitrogen atom in the molecule have been
developed. Among them are agents based on succinimide or
phthalimide and an alkali metal hydroxide (Japanese Patent
Application Kokai No. 2-104699 (Kokoku No. 5-87598) and those
containing 2-pyrrolidong-5-carboxylic acid with or without the
addition of a saccharide (Patent Application Kokai No.
6-41800). Patent Application Kokai No. 2—175825 discloses

£ive~ and six-membered ring compounds having -NH-, such as



attacki ng even necessary silver plated portions while etching the base
(copper or copper alloy) or needing care in handling because of the high
toxicity of cyanogen conpound. In view of these, desilvering agents.
that do not use the dangerous concentrated sulfuric acid and highly toxic
cyanogen conpound but are conposed mainly of a cyclic acid imde that
contains one nitrogen atomin the nol etul e have been devel oped. Anobng
them are agents based on succini nm de or pht hal i m de and an al kali netal

hydr oxi de nese Pat ent lication, Kokai . 2-104699 ( Kokoku No.
) By 2onparkd RGCs 2 WU IF z%fb@r%v?%h@lge aFBSRYF £ RopLiasEien o

Wi t hout _t ddi a_sacchari de (Paten i on Kokali

6- 418005<°§]‘Pét8‘ﬁ’t X:)p%o‘{bc@{q - FRREFS u’i‘?5%t§5ad _F&%@%n cpmpgungd,

si x- menber ed rn%%] qﬁfunds havi ng - NH- such as

3 barBFt&rle Yand glutarimde. Patent Application Kokai No.

243100, PR R g o0 bR SRy Pre i e eBLLE' 2,89
imides containing one nitrogen atom 1n the molecule have
many drawbacks. They tend to be hydrolyzed with alkalies, and
accumulation of the decomposition-products can undesirably -
affect to the necessary silver plated surface such as
passivation, tarnishing, lack of uniformity and others of the
silver plated surface. They also result in excessive
consﬁmption of the main ccnstituent with short bath life.
Another problem is the tendency that desilvering under high
current densify condition causes unwanted passivation or
irregular desiivering of the surface.

Manufacture of semiconductor devices involves bonding
steps, known as die bonding and wire bonding. Die bonding is
a step in which a semiconductor chip is attached to a lead
‘frame with epoxy resin. If epoxy bleedout.occu;s during the
process, the die ﬁad will be contaminated with'organic matter
to cause inferior ground bonding and make conduction to the
outside impossible. Wire bonding is a step for attaching_fin;
wire of Au, Al, etc..to semiconductor chips and frame .inner
leads to Ehégrconhect them. Here again any contamination of
the Ag surface of the inner leads or a very rough surface
condition will not pérmit conduction to the outside. It is
thus important for a desilvering agent to have no adverse

effect upon the bondability of the desilveréd surface. The



I m des containing one nitrogen atomin the nol ecul e have many drawbacks.
Théy tehd to be hydrolyzed with alkalies, and accunulation of the
deconposi tion products can undesirably affect to the necessary silver

pl ated surface such as passivation, tarnishing, lack of uniformty and
otHers of the silver plated surface. They also result in excessive
consunption of the main constituent iith short bath Iife. Another problem
is the tendency that desilvering under high current density condition

causes nmanted aSSI tio irreqular _desilveri t he surface.
s i R et HRE PRI BT 8RR RBeBlechS BRRENn as die
bondi n r Die bonding is a step in which a sem conduct or
chip |§h \%$€¥i¥gﬁgﬁééﬁi frame with epoxy resin. If epoxy bl eedout

occurs durlng the process, the die pad will be contam nated with organic
matter to cause inferior ground bondi ng and make conduction to the
outside inpossible. Wre bonding is a step for attaching fine wre of Au,
A, etc. to sem conductor chips and frane inner |eads to interconnect

them Here aodyn aly: AMATLRALE 00T ot bR AT vELRGROL ot aggegﬂgf | eads or

a very rough surface ~cond permt con out si de.
o AT B UL B8, A0 [ s
removal of silver at a high current density while ensuring

long bath life with little hydrolysis of thé,principal
constituent and further without any deleterious effect upon
the bondability of the desilvered surface.

A prbblem common to the desilvering agents of the prior
art has been that, when the base is copper, copper alloy, or
the like, desilvering induces some dissolving of the base
matérial and activation of the surface. This in turn tends to
cause surface tarnishing or corrosion of the desilvered parts
during storage. Thus it is another object of fhis invention
to deyelop electrolytic desilvering agents and desilvering
method which, when the parts to be processed are based on
copper, copper alloy, or the like, render it possible to
preveﬁt the tarnishing or corrosion of the desilvered surface

during storage.

After our intensive investigations to realize the objects
it has now been found that specified nitrogen cyclic compounds
or their derivatives héving two or more N atoms in the ring

show electron polarized states unlike those with a single N



4 above-nenti oned agents of the prior art are unable to neet these
requiremnents. It is therefore an object of this invention to
devel op agents and a nmethod for electrolytic desilvering that permt
renoval of silver at a high current density while ensuring long bath life
with littlé hydrolysis of ‘the principal constituent and further without
any del eterious effect upon the bondabilsity of the desilvered surface.

A probl em conmon to the desilvering agents of the prior. art has been that,
when the base is copper, copper alloy, or the like, desilvering induces

di ing_of th i al and activagion of the surface. Thi
T turn ore 2aY BARE I R A r et vels et FReRtbtioc: | ver e

t dur] t T [t t .pbhiect of, this i t] to '
Govel op crebeed) ShEyalNeed ! BEutl SELRMLEGy By s WBERBA NI ch. when

the partsallsbeyPr 9685 SR’ ehda088: Ollon COPPE bof POPRE PlcbBYoufl, the |1 Ke,

render it possi
preclude adverse effects upon the bondability of desilvered

©

surfaces.

- On the basis of this discovery, the present invention
provides an electrolytic desilvering agents comprising a
desilvering component selected from the group coasisting of
hydantoin, 5,5-dimethyl-hydantoin, cyanuric acid,
6~methyl-3-pyridazone, 3-methyl-~5-pyrazolone, and allantoin

as a principal constituent and a pH buffer such as a boric

acid compound as an accessory constituent. A surfactant may

be added to the agents.

It has also been found that the addition of a certain
copper inhibitor to the electrolytic desilvering agént allows
it to be adsori:ed by the base surface, meking it possible to
prevent tarnishing or corrosion of the desilversd surface
during sto.rage_.

Based on this fin@ing, this invention provides electro-
lytic desilvering agents of the above compositions _further

containing one or more copper inhibitors, desirably comprising one
or more of the compounds selected from the group.consisting of
beniotriaiole, benzimidazole, thiouracil, thiobarbituric acid, '
benzothiazole, benzoxazole, indazole, indole, imidazole, imidazoline,

and their derivatives as a copper inhibitor and inhibitors.

This invention further provides an electrolytic

desilveriné method characterized by immersing of an



prevent the tarnishing or corrosion of the desilvered surface during

st'or age. After our intensive investigations to realize the

obj ect s it has now been found that specified nitrogen cyclic conpounds
or their derivatives having two or nore N atons in the ring. show

el ectron pol arized states unl ike thoge with a single N at om

and that they hardly undergo hydrolysis and thereby extend the bath life,
permt desilvering at_high current density, and, with the addition of a
boric @#@eéﬁhﬁébﬁdﬂlﬁ?@cP&%eﬁm%ﬁ%&@mrﬁ«km tseriided 14 @ of
desilvered surfaces. On the basis of this dlscovery, t he present

i nvent i IPLUBieRi 86sOBR efctPRoRPOVE MERtIRNehLIREHFALE i sing a

desil vering conponent selected fromthe group consisting of hydantoin,

5, 5- di eeRyvaydad: 8FR1LEy 3Rdr C@TA¥ iRy out the electrolysis using

said object as an anode. The electrolytic desilvering is
desirably performed with stirring under the conditions of: pH
of the agent: 7 to 14; bath current density: 0.1 to 50 A/dnf ;
and ‘bath temperature: 10 to 60C .

Under this invention the main coﬁstituent of the
desilvering agent, which hés two or more N atoms in the ring,
shows an electron p&larized state different from that with a
single N atom and seldom undergoes hydrolysis. That
presumably accounts for extended bath life and the
possibility of desilvering at high current density. It is
also preéumed tﬁat, according to this invention, the

_ adsorption of a copper inhibitor on a copper or copper alloy
base surface controls the activation of the base surface,
even though it may accompany some dissolution of the base,

and prevents the desilvered surface from tarnishing or

corroding whilé being stored.

The principal constituent pf the desilvering agent of the
invention is a specified nitrogen cyclic compound or its
derivative having two or more N atoms in the ring. It is
selected from the group consisting of hydantoin, 5,5-dimethyl-
hydantoin, cyanuric acid, 6-methyl-3-pyridazone, 3-methyl-5-

pyrazolone, and allantoin. The chemical formulas of these



6- net hyl - 3- pyri dazone, 3-methyl -5-pyrazolone, and allantoin, as a
piti nci pal constituent and a pH buffer such as a boric acid conpound as an

accessory constituent. A surfactant nay be added to the agents. I t
has al so been found that the addition of a certain copper inhibitor to the
efectrolytic desilvering agent allo It to be adsorbed by the base
surface, nmaking it possible to prevent tarnishing or corrosion of the
desil vered surface during storage. Based on this finding, this

I nvent pohnpipal desnst] idtientrs albyt igG vdes el Toragerbsede I he above
conpositions further containing one or nore copper inhibitors, desirably
conprising one or nore of the conpounds selected fromthe group consisting

of benzotri-azqgl [ hi ouracil, thiobarbituric acid,
benZOthIaZO|eqq§§ﬁ?§§§Z ?%%a% |ndole i m dazol e, i mdazoline, and
their derivatives as-a copper |nh|b|tor and inhibitors. Thi s

I nvention further ﬁﬁ&gidﬁs.an el ectrolytic desi | vering net hod
characterized by i Bt an S,5-dlimethyl Cyanuric 6

excessi'vely silver plated copper BYdEBﬁBéP al | oy obJQdel n a
0 N

= . Y Y

\fo CH,. N » HN\WNH
SR s °

0O
6-Methyl-3- 3-Methyl-5~ Allantoin
pyridazone pyrazolone

H; O R, NCONE_N_o
o’ ch o” IJH

The concentration of such a principal constituent in a
bath ranges from 5 to 200 g/¢ , preferably from 15 to 100
g/2 . A too low concentration tends to cause silver
passivation, while a too high concentration is undesirable
because it can pose a prqblem of the desilvering agent
(solution) being wastefully carried out.

As an accessory constituent, bas;cally as a pH buffering
agent, a boric acid compound such as'potassium.ﬁetraborate,
(ortho)boric aéid, potassium diborate, sodium borate, sodium
pentaborate, or other borate, diborate, tetraboraée, or
pentaborate is added. fhe concentration of the boric acid

compound is in the range of 5 to 100 g/¢ , preferably 10 to

50 g/2 . If the concentration is too low the PH buffering



solution of one of the above nentioned electrolytic desilvering agents and
carrying out the electrolysis using said object as an anode. The

el ectrolytic desilvering is desirably perforned with stirring under the
conditions of: pH of the agent: 7 to 14; bath current density: 0.1 to 50
Adnferr]; and bath tenperature: 10 tg 60[err]C Under this invention
the main constituent of the desilvering agent, which has two or nore N
atons in the ring, shows an electron polarized state different fromthat

with a e Nsal ofiesd, SbhdoTEURHEr goeTditdial i Sis T nilfheSwenbl y
accounts for extended bath |life and the possibility of desilvering at high
current &efect yislhore thhfAosptasdied thano asel) Mghid dddessioryent i on,
the adsorption of a copper inhibitor on a copper or copper alloy base
sur f ace emmétbtsenbecantribtutes grehltd ybase the fhmedabidvialy dougle it may
acconpany sone dissolution of the base, and prevents the desilvered

surf ace destlvaredssunfiace. corrodi ng whil e being stored. The
princi pal constituent of the desilvering agent of the i nvention is a
speci fi ed niFupghercyeherecnapessdryr, ia Surfriamnt i e ddd4q1g A or nore N

atonms in the ring.. It is
anionic, cationic, or nonionic type or their mixture may be
used. The concentration range of the surfactant is between
0.1 2 g/2 and 10 g/¢ , preferably between 10 p g/¢ and 1
g/2 . Inadeéuate concentration does not produce a surfactant
effect whereas excessive concentration wastefully saturates
its effect.

As a copper inhibitor, any one or more selected from the
group consisting of benzotriazole, benzimidazole, thiouracil,
thiobarbituric acid, benzothiazole, benzoxazole, indazole,
indole, imidazone, imidazoline, and their derivatives may be
used. The concentration of the copper inhibitor ranges from
1 to 1000 mg/¢ , preferably from 5 to 500 mg/£ . Too low a
concentration is not effectivefin preventing tarnishing while
Eoo high a concentration is no more effective beyond
saturation. The'above-méntioned copper inhibitors have the

following structural formulas:



sel ect ed ffon1the'group consi sting of hydantoin, 5,5-dinethyl- hydant oi n,

eyanuric acid, 6-nethyl-3-pyridazone, 3-nethyl-5- pyrazol one, and
allantoin. The chem cal fornulas of these '

7 principal constituents are given below for reference. (Chem ca
Formul as 1] Hydant oi n 9 5, 5-di net hyl Cyanuric

hydant oi n aci d H

[err] 6- Met hyl -3-  3- Met hyl - 5- Al l antoi n

pyri dazone pyr azol one [err] The concentration of such a

princi pal constituent in a bath ranges from5 to 200 g/[err] , preferably
from1l5 to 100 g/[err] . Atoo low concentration tends to cause silver

[Chemiéal Formulas 2}

Benzotriazole Benzimidazole Thiouracil

s We=Nes

Thiobarbituric a. Benzothiazole Benzoxazole
O

Y s 0
AU e @q

{ .

S
Indazole Indole Imidazole Imidazollne

T
QARNS 0

Using such a desilvering agent, desilvering is carried
out under pfedetermined conditions. The desilvering agent is
adjusted with a pH adjuster such as sodium hydroxide or other
alkali metal hydroxide or alkaline earth metal hydroxide to
PH 7 to 14, preferably pH 7 o 12. If the pH is below the |
range the desilvering rate is so low that the silver surface
tends to become uneven, and poor selective desilver;ng

results. On the other hand, a pH above the range brings no

merit.

The objects to be processed in accordance with this



passivation, while a too high concentration is undesirable because it can
pose a probl em of the desilvering agent (solution) being wastefully
carried out. As an accessory constituent, basically as a pH buffering
agent, a boric acid compound such as potassiumtetraborate, (ortho)boric
acid, potassium diborate, sodium bofpate, sodium pentaborate, or other
borate, diborate, tetraborate, or pentaborate is added. The concentration
of the boric acid conpound is in the range of 5 to 100 g/[err] ,

pr ef eriairentilon ;car&kigddeerednsistindnecf oacbase abf ovopped,0@woppert he pH

buffering 8 actionis limted,
but ifakkeyecobcemtnigkeoh akleyosiilyhas hé2 alleyt staimless Isdredaturated to
no avail. This accessory constituent contributes greatly to the

bondatri¢k§l Rrllele, Aether aaetal i afermed withrehsilvesh@moatdegessary, a
surfactant is added. An anionic, cationic, or nonionic type or their
m xt urelkmyopcthe suirfagr konebhventPbatindgges bl venesaldemiaganeties bet ween

0.1 [err /[err and 10 g/[err] , preferably between 10 [err /[err] and 1
[ ] gn[object haviég[a sllveE coatingxfilm thus fogﬁed LngtLe ]

surface is immersed into a bath of the electrolytic
desilvering agent prepared as above, and electrol&éis is
conducted making the object an anode. The material of the
cathode is not specially limited but stainless steel is
usually used. 'The current density is between 0.1 and 50
A/d nf , preferably between 0.5 and 10 A/n? , with respect to
the area of the silver plated surface to be removed. A too
low current density slows down the desilvering process thle
a too high current density can frequently cause passivation
of silver. The bath temperature for electrolysis ranges f£rom
10 to 60°C , preferably from 15 to 40C . Too low and too high
bath temperatures are undesirable because they retard
desilvering and make the bath unstab;e, respectively.
Agitation of the baﬁh during e;ectrolysis is advisable and in
order to avoid passivation especially wheh the current
density is high, the faster the agitation the better..

When the object to be desilver consists of a base of
.copper or a copper alloy having a silver coating £film fdrmed
by silver plating, silver soldering, or the like, it is
immersed in a bath which further contains a copper inhibitor
and is electrolyzed as an anode under the above-mentioned

conditions. Alternativély, the same effect is attained by



g/[err] . Inadequate concentration does not produce a surfactant effect

whe¥ eas ‘excessi ve concentration wastefully saturates its effect. As a
copper inhibitor, any one or nore selected fromthe group consisting of
benzotri azol e, benzim dazole, thiouracil, thiobarbituric acid,
benzot hi azol e, benzoxazol e, indazole, .. ndole, imdazone, ‘i m dazoline, and

their derivatives may be used. The concentration of the copper inhibitor
ranges from 1 to 1000 ng/[err] ,- preferably from5 to 500 ng/[err] . Too
| ow a caneeinkgattiien disjerd iaf fecidpred Nk eAbicngotlatabahbagovki be t 00
high a concentration is no nore effective beyond saturation. The
" above- nafitiean athec @ipert dallythid cles Hlaxeerimg. Dappbdwgndgost atclansk énenul as
9 (Chemi cal Fornul as 2] Benzotri azol e Benzi m dazol e
Thi our acskcond in the solution proves effective for protecting copper
against tarnishing.
When the silver coating film of &n object is to be partly
removed by a desilverxing bath, it is possible to either mask
the silver plated surface portions to be retained or locally
immerse the portions to be desilvered into the bath. If the
silver film in the portions to be retained is thick enough to
survive the desilvering of the unwanted portions, the whole
object may be immersed in the bath. In the case of a lead
frame, the silver coating film in its pad and other necessary
portions usually becomes a low current density region during
electrolytic desilvering while the silver film in the
surrounding unnecessary portions becomes a high current
density region. Thus, the object can be directly desilwvered
electrolytically without masking the necessary silver plated

portions and only the unnecessary silver plated f£film portions

are selectively removed.

EXAMPLES
The invention will now be described in further details in
connection with its working examples, reference examples, and

comparative examples.

Example Series I

Desilvering baths of different compositions were prepared



Thi obarbituric a. Benzothiazole Benzoxazole | [err]

Usi ng" such a desilvering agent, desilvering is carried out under
predet erm ned conditions. The desilvering agent is adjusted with a pH

adj uster such as sodi um hydroxi de or other alkali metal hydroxide or

al kaline earth netal hydroxide to pH7 to 14, preferably pH 7 o 12. If the
pH is below the range the desilvering rate is so low that the silver

E;rzﬁgegﬁi (ﬁ% cﬁygggﬂﬁ% g&Q%eaﬁgsper gel%p&giﬁ dggllverlng resul ts.

e range brings no merit. The objects

to be proce%ég laé:&?r%ﬁgs M:'tfzh'tﬁez.r pads partly silver plated

to a thickness of 5 p m each (the portions around the pad
being likewise silver plated unnecessarily), were used as
test specimens. They were immersed into the desilvering baths
and were electrolytically desilvered under the conditions
given 5150 in Table 1; That is, the unnecessary portions were
removed by an electrolysis performed at pH 8~ 11, current
‘density of 3.0~ 5.0 A/d of , bath temperature of 25 <€, and
stirring rate of 1.0 m/sec for 30 seconds.

The desilvered specimens were evaluated by observation
under a microscope (x100) of the outward appearances of the
silver plated and base surfaces and also of the appearances
of the bases after boiling. At the same time, the desilvered
£ilm thicknesses were determined by fluorescent X-ray
analysis. Both die bonding_and wire bonding were done, and
the specimens were inspécted for any trace of epoxy bleedout
after the former and for the wire bond conditions after the
latter.

The same electrolytic desilvering was repeated 42 days
after the preparation of the baths, and the results were
evaluated in the same manner.

The outward appearances of-the silver and base surfaces
were all good. Boiling caused some farnishing of the bases
but not to the extent that the bases were unusable. The
desilvered film thicknesses were 0.9~ 1.6 p m, indicating

adequate desxlverlng performance. Bondability ratings were



10 I nvention are those consisting of a base of copper, copper all oy,

i r-on-ni ckel alloy such as 42 alloy, stainless steel, nickel alloy, or
other nmetal, formed with a silver coating filmon the surface by silver
plating, silver soldering, etc. An object having a silver coating film

thus forned on the surface is innera;d into a bath of the electrolytic
desi.lvering agent prepared as above, ‘and electrolysis is conducted nmeking

t he obj ect an anode The material of the cathode is not specially limted
but st ai n S st

i II d Th . b
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15 to 40[err]C . Too |low and too high bath tenperatures are undesirabl e
because they retard desilvering and make the bath unstable, respectively.

Agitaticn1cﬁe§£¥%£5%rh§%mﬁfgselectrolysis i s advisable and in

As Reference Example Nos. 1 and 2 in Table 1 shows,

similar electrolytic desilvering tests were conducted using a
bath of hydantoin alone and a bath of hydantoin and-potassium
pyrophosphate, in place of a boric acid compound, as the pH
buffering agent of accessory constituent.

With the bath of hydantoin alone, the outward appearances
of both silver and base surfaces were good but the base
appearance changed due to tarnishing on boiling. The 5ath of
hydantoin and potassium pyrophosphate as the pH buffering
agent deteriorated the both appearances of silver and base
surfaces, impairing the bondability of the desilvered surface
either. This means the importance of the combination of the
desilvering agent such as hydantoin and a boric acid compound
according to this inyention. Tests conducted 42 ﬁays after

the preparation of the bath gave exactly the same results.

Comparative_Eiamples

A desilvering bath compbsed mainly of-sﬁccinimide, a
conventional desilvering agent and another bath of succinimide-
plus'péﬁassium tetraborate were'pfepared, as represented by
Comparative Example Nos. 1 and 2 inTTable 1. In the manner

described in Examples, lead frames of copper whose pad



order to_avoi d passivation especially when the current density is high,
the Taster the agitation the better. When the object to be desilver
consists of a base of copper or a copper alloy having a silver coating
filmfornmed by silver plating, silver soldering, or the like, it is

i mersed in a bath which further contains a copper inhibitor and is

el ectrol yzed as an anode under the above-nentioned conditions.
Alternatively, the sane effect is attaPfned by di ppi ng the
object in a copper inhibitor solution before or after the electrolytic

i Tect | RETHHOBY obad: PROCBBBELT SOAVAS HAVRANIAG Thickagtgh A 5 ver
T s paerd) €ed e hEF E niBR o TPRBSL AL A AT & VI For) S Lo be
o oS L BELLY. phITRLSECIT RO LS L Pendoatier sl (ke (e bat
survive tingdesh! ¥85109:97 rhiie Y0URRL ¢ RO O Bund Vs "B unwantea
portions by electrolysis at pH 9j: current &ensity of 3.0
A/d of , bath temperature of 25C , and stirring rate of 1.0
m/sec for 30 seconds.

The desilvered specimens were evaluated in the same way
as above. Tests with freshly prepared baths showed that both
the silver and base surfaces of the specimens had good outward

- appearances. The base surface tarnished upon boiling. The
desilvered film thickness was 0.8'u m. Tests with the baths
42 days after their preparation gave the silver and base
surfaces uneven and poor outward appearances. The specimens

showed poor bondabilities too. The desilvered film thickness

sharply decreased to 0.4y m indicating that the bath life had

already-éxpired.



t he

frane,
pl ated portions and

el ectrolytic desilvering while

necessary portions usually

In the case of a | ead

t he objléct can be directly desilvered

surroundi ng unnecessary portions beconmes a high
Thus,

density region.

electrolytically w thout masking the necessary silver

si‘tver ‘coating filmin its pad and ot her
becones a | ow current density region during

obj ect may be imersed in the bath.
the silver filmin the
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Copper lead frames, with their pads partly silver plated to a thickness of
5.[err] meach (the portions around the pad being |ikew se silver plated
unnecessarily), were used as test. specinens. They were imersed into the
desilvering baths and were electrolytically desilvered under the
conditions given also in Table 1. That is, the unnecessary portions were
renoved by an electrolysis perforned1&t pH 8- 11, current density of 3.0-
5.0 A/’d nferr], bath tenperature of 25[err]C, and stirring rate of 1.0

m sec for 3Qx§§§PQd§er1es IIhe desi |l vered speci nens were eval uated by

observatio (xICI» of the outward appearances of the

silver plat ffﬂléngepﬁgs égé&aegap@&dl J]qa‘oﬁéw BPPRERT N CRpdd il Pases

.after boilin At t sane time, the desilvered f|In1th|cknesses wer e

det erm P%\gr2¥ Lkgar6§6§ﬂam§1ea)«osana'w'ﬁ 1ok db i €2 handi g e

bondi n one and € speci mens were I nspected for any trace of epoxy

bl eedou&opﬁéEe%eBﬁefEQﬁ@Er Aty Gheliie plde Donch £00Mi V0N Adred he

I sane electrolytic desilvering was repeated 42 days after

th t I th
oo - CAiEKA320be! 07 HaRAEy Tihd HRORAS SIRIE SR e e e

he silver and aces were

al | ‘goods . BRiLkng1§3Used1 SQMRY tAHAE UG Of v} hewdRSC8sed as test

specimens. They were immersed into the desilvering baths and
were electrolytically desilvered under thé conditions given
in Table 2. Thét is, the unnecessary silver plated portions
were removed by an electrolysis performed at pH 8 ~ 12,
current density of 3.0~ 5.0 A/daf , bath temperature of 25°C ,
and stirring rate of 1.0 m/sec for 30 seconds. The desilvered
specimens were evaluated in the manner described in Example
Series I.

The silver and base surfaces of the specimens after the
electrolysis looked fine. The desilvering performance was
satisfactory with the desilvered £ilm thickness ranging f£rom
0.9 to 1.6p m. The desilvered specimens, even after 10
minutes of immersion in boiling pure water, showed good
silver and base appearances. Their béndabiliﬁies were
favorable too. Tests cénducted 42 days after the preparaﬁion:
of the baths gave quite the same results. This meant that the

baths stiil had service life after the tests.

Reference Examples

Electrolytic desilvering was carried out in the same

manner as above with the exception that a bath of hydantoin



but not, to the extent that the bases were unusable. The desilvered film

t hi cknesses were 0. 9- 1.6 [err] m indicating adequate desilvering
performance. Bondability ratings were

13- high too. Exactly the same results were obtained in the tests
conducted 42 days after the preparagjyon of the baths. This signifies that
the baths had outlived the tests. - Ref erence Exanpl es As

Ref erence Exanple Nos. 1 and 2 in Table 1 shows, simlar electrolytic

desi | ' d

bath o ﬁb&%a%%?%ﬁa S5, SO G B 0B RO L IR B D R gheld 2,
J%ya t. Wth

fﬁgpg;?% o%%h ant0|n a‘%ﬁ%ﬁn& e ogﬁmggg%%%gg é€$2nsgbaggPh silver and

base s rfrr]%%ec%e SR Pubo dlspérbi\ﬁﬁl 2e8ealAMEC uSRANgRdLdYg ! gst ar ni shing

on boi antoi n an pot assi um pyrophosphafe as the pH

buf f er igGe QGRNY Ekgﬁﬁiéwﬁggg i hgnlobhsappegianees of silver and base

As stated already, the bath of hydantoin alone gave both.
good silver and base surface appearances but the bése
.tarnished upon boiling. With the bath of hydantoin, potassium
pyrophosphate as an accessory constituent as a pE buffering
agent, and benzotriazole as a copper inhibitor, the
appearances of the silver and base surfaces were poor. The
bondability too was undesirable. These demonstrate the
importance of the combination of the desilvering cﬁnstituent
such as hydantoin, a boric acid compound, and a copper
inhibitor as taught by this invention. Tests repeated 42 days

after the preparation of the baths gave just the same resulté.

Comparative Examples

A desilvering bath containin§ éuccinimide as a principal
constituent and a bath containing sudcinimide, potassium
tetraborate as a pH buffering agent, and benzotriazole as a
copper inhibitor were prepared, as shown in Comparative
Example Nos. 1 and 2 in Table 2. In the manner described in
Examples, lead frames of copper whose pad portions had been
partly silver plated to a thickness of Sy m were used as
test specimens and they were immersed in the above baths for
electrolytic desilvering under the conditions shown in Table

2. That is, silver was removed from unwanted portions by



surfaces, inpairing the bondability of the desilvered surface either. This
means the inportance of the conbination of the desilvering agent such as
hydant oin and a boric acid conpound according to this invention. Tests
conducted 42 days after the preparation of the bath gave exactly the sane
results. Conpar ati ve Exanpl es A desil vering bath conposed

mai nly of succinimde, a conventionq% desilvering agent and anot her bath
of succini m de pl us potassiumtetraborate were prepared, as represented
by Conparative Exanple Nos. 1 and 2 in Table 1. In the manner descri bed

in Ex I I : f Who
14 por P ERERAABEaR pRR % Srrer e h LA UMAT P 1) m

' ' hey ; | ' hs f
o et 1 of Ve PR AE I o R R A str oPhe ol T bree Ehotn o B4R 5 7L o

silver mggcr%ggved fromunwanted portions by electrolysis at pH 9, current
density 0 ch "ANd nferr], bath tenperature of 25[err]C, and stirring

rate of 1.0 The desilvered specimens were likewise evaluated. Tests
with freshly prepared baths showed that both the silver and
base surfaces'of the specimens had good outward appearances.
Boiling tarnished the base in the desilvering bath of
succinimide as a chief constituent, but the base surface
looked good in the bath of succinimide that contained also
potassium tetraborate and benzotriazole. The desilvered f£ilm
thickness was 0.8 p m. Tests with the baths 42 days after
their preparation gave the silver and base surfaces uneven
and poor outward appearances. The specimens showed poor
bondabilities too. The desilvered film thickness sharply
decreased to 0.4y m, indicating that the baths had no longer

be useful.



The desil vered speci nens were eval uated in the

30 seconds.
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16 Exanple Series II° This series used. copper inhibitors. Baths
of »conpositions represented by Exanple Nos. 1- 7 in Table 2 were prepared.
Copper lead frames, with their pads partly silver plated to a thickness of
S[err] meach (the portions around the pad being |ikew se silver plated
unnecessarily), were used as test specinens. They were imersed into the
desilvering baths and were electrolyti8l1y desilvered under the
conditions given in Table 2. That is, the unnecessary silver plated
portions were renoved by an electrolysis performed at pH 8 - 12, “current
density of 3.0- 5.0 A/ d[errPPVANIARE: ﬁp€ﬁ§t§N¥5¥T§9Herr]C, and stirring
rate of 1.0 m sec for 30 seconds. The desilvered specinens were eval uated
in the manner TBéScipBERtiANES#MPECLCRE| 5 1ife ofmn seleekrdittase
surfaces of the specinmens after the electrolysis |ooked fine. The

desi | ver i @gs pevesingnadends magkedivacomppifid Wit theispere®fiim

t hi ckness ranging from 0.9 to 1.6%grr] m The desil vered speci nens, even
after 10 erigbing agenkser Jitopempils Kesd lyerinmtat highvearzgfd  sil ver
and base appearances. Their bondabilities were favorable too. Tests
conduct eddegsdiys adser iithdas Asacdverse sffigat bapes thecbopdakility sane

results. This neant that the
of the workpieces. This invention renders it possible to
protect workpieces of copper, copper alloy, or the like from
tarnishing or corrosion during étorage after their
electrolytic desilvering. fhus,'the life of the electrolytic
desilvering agent is by far the longer than those of
conventional agenfs, and tarnishing ér corrosion of copper,
copper alloy, or other similar base can be pravented while

performing desilvering at greater current density.



baths still had service life after the tests. - Reference Exanpl es
El ectrol'ytic desilvering was carried out in the same  nmanner as above-w th

t he exception that a bath of hydantoin

17 alone and a bath of hydantoin, potassium pyr ophosﬂmw mﬂmmw“m
accessory constituent as a pH bufferlng agent, and. be

copper inhibitor were used instead, as Reference Exampfe Nost 1 and 2 in
Tabl e 2. As stated already, the bath of hydant oi n al one gave both
good silver and base surface appearances dut the base tarnished upon
boiling. Wth the bath of hydantoin, potassium pyrophosphate as an
accessory constituent as a pH buffering%éi@$$t, and benzotriazole as a
copper inhibitor, the appearances of ver and base surfaces were
poor. The bondability too was undesirable. These denonstrate the

L;fgg 't glan] °f bor é(ﬁ?fddig% Bgmﬁfﬂgﬁﬁ'&? Jo%ﬂ&%g%%%déeﬂ%c %b&‘h*izo‘?xid

Apoun
whose ring contains a group represented by

-C-N-C- ' -C-N-N-

I or I or
0 HO 0 HH
-C-N=N- N-C-N

| or [T |

) H OH

and which has two or more N atoms in the same ring or a derivative thereof.

2. An agent according to claim 1 wherein said nitrogen cyclic compound or
derivative thereof is one or more members selected from the group consisting
of uracil, barbituric acid, hydantoin, 5,5-dimethylhydantein, cyanuric acid, 6-
methyl-3-pyridazone, 3-methyl-5-pyrazolone, and allantoin.

3. An agent according to claim 1 or 2 wherein the agent contains said
nitrogen cyclic compound or derivative thereof at a concentration of from 5 to

200 g/t.

4. An agent according 1o any of claims 1 to 3 wherein the agent comprises a
pH buffering agent and/or a surfactant.

S. An electrolytc desflvering method which comprising immersing a
workpiece such as copper or a copper alloy silvered on the surface into a bath of
an electrolytic desilvering agent according to any of claims 1 to 4 and thereby

carrying out electrolysis using the work piece as an anode.
_ This Sheet Has Been Rei
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i nhi bitor as taught by this invention. Tests repeated 42 da _,aLLe.r__Lhe
preepar ati on of the baths gave just the sane results. Conparative

Exanpl es Si | ver| ng bat h cont ai ni ng succinim “)u
constituent and % BbealRla uibgd succi ni m de, pot assm“m mm&m “as a
pH buf feri ng agent azol e as a copper inhi*bi fortwete ® prepar ed,
as shown in Corrpar d 2 in Table 2. In the manner
described in Exanples Iea nes of copper whose pad portions had been
partly silver plated to a thlckness of 5[err] mwere used as test

speci nens and they were inmmersed in the above baths for electrolytic

desi | veri 8g undemethed accoddingtsclaimviwhereiahthe ele’htro'[jﬂﬁt dbﬁﬂv@iﬂg/iy was

curront dPREePpe WS RiE RaeP g copdtians.ef pfl Toto, F SR et o1

stirring ﬂahatp,fo 1.16 20 AAdmf;cludSPathSteegpetature, 10 to 60°C.,

7. An electrolytic desilvering agent subsfintlally as hereinbefore described.

8. An electrolytic desflvering method substantially as hereinbefore
described.

0. An electrolytic desilvering agent comprising:

(@  atleast one desilvering constituent selected from the group consisting
of hydantoin, 5, 5-dimethylhydantoin, cyanuric acid, 6-methyl-3-pyridazone, 3-
methyl-5-pyrazolone, and allantoin, as a principal constitunt; and

(M)  a pH buffer such as a boric acid compound as an accessory constituent.

10. An electrolytic desilvering agent comprising: .

(a)  atleast one desilvering constituent selected from the group consisting of
hydantoein, 5, 5-dimethylhydantoin, cyanuric acid, 6-methyl-3-pyridazone, 3-
methyl-5-pyrazolone, and allantoin, as a principal cohstituent;

(b) a pH buffer such as a boric acid conipmmd as an accessory constituent;
and

© a surfactant.

11.  An electrolytic desilvering agent according to any of claims 9 or 10, in_
which one or more copper inhibitor(s) is provided.

12,  An electrolytic desilvering agent comprising:

(a) atleast one desilvering constituent selected from the group consisting of
hydantoin, 5, 5-dimethylhydantoin, cyanuric acid, 6-methyl-3-pyridazone, 3-
methyl-5-pyrazolone, and allantoin, as a principal constituent;

()  aboric acid compound as an accessory constituent; and

()  atleast one selected from the group consisting of benzotriazole,
benzimidazole, thiouracil, thiobarbituric acid, benzothiazole, benzoxazole,



The desilvered specinens were |ikew se evaluated. Tests wth freshly
pr.epar éd bat hs showed that both the silver and base surfaces of the

speci nens had good outward appearances. Boiling tarnished the base in the
desilvering bath of succinimde as a chief constituen m mlﬁ“l
surface | ooked good in the bath of succinimde that CH“‘WN‘I lll

pot assi umtetraborate and benzotriazole. The desilvered*fifmt®tHicRneds was
0.8[err] m Tests with the baths 42 dayssafter their preparation gave the

silver and base surfaces uneven and poor outward appearances. The
speci nens showed poor bondabilities too. The desilvered filmthickness

sharply SetP&9ddbl, ﬁnﬂﬁdl& imidazeliee tandothiehederiviaivea) 4ssa bappearo | onger
be useful , 9
inhibitor or lnhlbltors.

13. . An electrolytic desilvering agent comprising: |
(a) . atleast one desilvering constituent selected from the group consisting of
hydantoin, 5, 5-dimethylhydantoin, cyanuric acid, 6-methyl-3-pyridazone, 3-
methyl-5-pyrazolone, and allantoin, as a principal constituny;

(b) a boric acid compound as an accessory constituent; and

() asurfactant; and

(d)  atleast one selected from the group consisting of benzotriazole,
benzimidazole, thiouracil, thiobarbituric acid, benzothiazole, benzoxazole,
indazole, indole, imidazole, imidazoline, and their derivatives, as a copper
inhibitor or inhibitors.

14. An agent according to claim 13 wherein the desilvering constituentas a

principal constltuént is used in a bath at a concentration of from 5 1o 200g/%,

the boric acid compound as an accessory constituent at a concentration of from

5 to 100 g/£, the surfactant at a concentration of from 0.1 i g to 10 g/, and the
" copper inhibitor or inhibitors at a concentration of from 1 1o 1000mg/?,

15. An electrolytic desilvering method which comprises immersing a work
pieée' such as copper or a copper alloy silvered on the surface into a bath of an
electrolytic desilvering agent according to any of claims 9 to 14 and thereby
carrying out electrolysis using the work piece as an anode.

16. A method according to claim 15 wherein the electrolytic desilvering is
performed with stirring under the conditions of pH; 7 to 14; bath current
density: 0.1 10 50 A/d m? and bath temperature: 10 to 60°C.

17. An electrolytic desilvering agent substantially as hereinbefore described.

18. An electrolytic desilvering method substantially as hereinbefore

This Sheet Has Been RTlaced
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[err] :

[err] | 4'

o I

described.

19. Anay novel subject matter or combination including novel subject matter
disclosed herein, whether or not within the scope of or relating to the same
invention as any o_f the preceding claims. B

Has Been Re‘laoed .

\\\\\\\\ \\\\\\ \\\\ Tl



20 ADVANTAGE OF THE | NVENTI ON This invention can
prolong the life of an electrolytic desilvering agent markedly conpared
with the spans of existing agents. It permts desilvering at high current
density. Also it has no adverse effect upon the bondability of the

wor kpi eces. This invention renders itngossible to protect workpieces of
copper, copper alloy, or the like from3tarnishing or corrosion.during
storage after their electrolytic desilvering. Thus, the life of the

el ectrolytic desilvering agent is by far the |longer than those of
conventional agents, and tarnishindﬂéilﬁﬂllosion of copper, copper all oy,

or other simlar base can be prevented while perform ng desilvering at

greater current denméﬁ@ctrolyéfﬁréesilvering Agents and

Electrolytic Desilvering Method

An electrolytic desilvering ‘agent comprising: (a) at least
one desilvering constituent selected from the group
consisting of hydantoin, 5,5-dimethylhydantoin, cyanuric
acid, 6-methyl-3-pyridazone, 3-methyl-5-pyrazolone, and
alléntbih, as a principal constituent; and (b) a boric acid
compound as an accessory constituent. Desirably, the aéent
-further comprises (¢) a surfactant and (d) one or more
selected £rom the group consisﬁing of benzotriazole,
benzimidazole, thiouracil, and the-like, as a copper inhibitor
or iphibitors. A workpiesce 0f copper or a copper alloy
silver platad on fhe surface is immersed into a bath of the
eléctrolytic desilvering agent and electrolysis is carried
out using the workpiece as an anode, with stirring uhder the

conditions.of pPE: 7 to 14; bath current density: 0.1 to S50

A/d o ; and bath temperature: 10 to 60C .

(&)




1.. Antelectrolytic desilvering agent conprising.a.nitrogen.c
conpound whose ring contains a group represented {by REPLAL f
-GN : [err] and which has two or norleiN:
or a deri vative thereof 2. An agent accor di ng¥

ni trogen cyGigd [ derivative thereof is on
sel ect ed frﬁ ﬂﬂmm’ Hml sting of uracil, barbit ACl 1
5, 5-di met hyl'hydantol m, syanuric acid, M hyl - 3- pyri dazone,
3-net hyl - 5- pyrazol one, and al |l antoin , An agent .according..to C&k*ﬁjc 1
‘or 2 wherein the agent contains said nitrogen cyclic. conpound. af. derrvative I

t hereof at_a conceptratiqn pf.from5 to 200 g/lerr]: 4. An _agen
accordi ng bo an@n e@FﬂVﬁE d(%s %e&ﬁ/ﬁﬁ?%ti W@Bﬂ_s%%{u%%‘fyﬂlg ¢ E&?—?"&‘d
buf feri ng wHesE rl%@fh’dﬂﬁaiﬁsmﬁtl&ﬁiesentéﬁby An el ectrolytic desilvering
met hod whi ch conprising i mersing a workpi ege such as copper or a copper
alloy silvered on the surface into a bath of an electrolytic desilvering
agent accordi ng_t@_my@i clains 1 tq4pnuagythereby carrying out

el ectrol ysis usi nug tl e work piece as an anode.

1 or | I or
O HO OHH
“ . _C-N=N- -N-C-N-
i or [ 1 1
(0] H OH

and which has two or more N atoms in.the same ring or a derivative thereof.

2. An agent according to claim 1 wherein said nitrogen cyclic compound or
derivative thereof is one or more members selected from the group consisting
of uracil, barbituric acid, hydantoin, 5,5-dimethylhydantoin, cyanuric acid, 6-
methyl-3-pyridazone, 3-methyl-5-pyrazolone, and allantoin,

3. An agent according to claim 1 or 2 wherein the agent contains said
nitrogen cyclic compound or derivative thereof at a concentration of from 5 to

200 g/f.

4, An agent ac’cdrding to any of claims 1 to 3 wherein the agent comprises a
pH buffering agent and/or a surfactant. -

5. An electrolytic desflvering method which comprising immersing a
workpiece such as copper or a copper alloy silvered on the surface into a bath of
an electrolytic desilvering agent according to any of claims 1 to 4 and thereby

| carrying out electrolysis using the work piece as an a.node.

Afebs2r\3-6
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[err]” ! [errj] wpﬁit ﬁ,erAfma{ hoth according to claim5 wherein the
elegctrolytic deSI,I gf‘i‘s p_’@l’fbf pd with stirring u ml l“;lﬁﬂummrfns

of :i:pH, 7 to 14; btg urrent density, 0.1 to 20 A/d “

tenperature, 10 o 6 SJAN | el ecteal ytic desilvering tagént ®
substantial ly as| hgrei nbefore dgsqri bed. 8. An eI ectrolytic desilvering
met hod substanti@ally as here| noef gr e descrl bed. An el ectrol ytic

desilvering age Ieast e de5| ve onst.i t uent
sel ected ffom t AdPHHY &?’F "ﬂéﬁ W&a‘ﬁtoi n,

cyanuric agdforfiedwitly lsnﬁ-:wunaaiﬂmmﬁdmmtsmfi pﬁ P)tball?bﬁﬂﬁcuﬁ'@ﬁt

al I ant oi n, asaprlnc Oantléﬁr%él and es'al)uf H.buffer such as a boric .
add conpouﬂ%P-%B’szﬂl é‘t‘, asd Jemp ®. 10 6@7%0t rol ytic
deslivering agent corrprl sing (a) at | east one desilvering constituent
selected fromthe roup con5| sting of hydantwin, 5, 5-dinethyl hydant0| n,
cyanuric aéid, @r& mxamagemsumﬂbz v hereinbefore desrribed.

al lantoin, as a princi paI constituent; (b) a pH buffer such as a boric
acid corrpound as an accessory constltuent and (c) a surfactant. 11.
An el ectro8yti cAlledMWdVﬁngieagmn&mhndrﬁbewh}chﬁs hereinhefereor 10, in
whi ch one copper inhibitor(s) is provided. 12. An electrolytic
desi |l veri n@éﬁ%@ conprising: (a) at | east one desilvering constituent
selected fromthe group consisting of hydantoin, 5, 5-dinethylhydantoin,

cyanur e 2610 QB BB G R cffEblid Py 220 one, and
accessory @nst at least oneddsilvering constituent selected from the group consisting
of hydantoin, 5, 5-dimethylhydantoin, cyanuric acid, 6-methyl-3-pyridazone, 3-
methyl-5-pyrazolone, and allantoin, as a principal constitunt; and
()  a pH buffer such as a boric acid compound as an accessory constituent.

10. An electrolytic desilvering agent comprising: _
(a)  atleast one desilvering constituent selected from the group consisting of
hydantoin, 5, 5-dimethylhydantoin, cyanuric acid, 6-methyl-3-pyridazone, 3-
methy!-5-pyrazolone, and allantoin, as a prmapal constituent;
(b)  a pH buffer such as a boric acid compound as an accessory consutuent

R and
(c) a surfactant.

11.  An electrolytic desilvering agent according to any of claims 9 or 10, in
which one or more copper inhibitor(s) is provided.

12. An electrolytc desilvering agent comprising:

@ at least one desilvering constituent selected from the group consmting of
hydantoin, 5, 5-dimethylhydantoin, eyanuric acid, 6-methyl-3-pyridazone, 3-
methyl-5-pyrazolone, and allantoin, as a principal constituent;

(b)  aboric acid compound as an accessory constituent; and

()  atleast one selected from the group consisting of benzotriazole,
benzimidazole, thiouracil, thiobarbituric acid, benzothiazole, benzoxazoie;



(¢) ~at least gne selected fromthe group consistin benzotr| azol e,
benzi'm' dazol e, t hi our aci |, thiobarbituric acid, ben @ﬂﬂ’ m&m xazol e,
23 ; [err] indazole, indole, im daz M” and
thel r deri vat i ves, as a copper inhibitor Qr i nhi bitors. An

electrolytic de5|lver|ng agent conpr|5|ng (a) at | east one de5|lver|ng
constituent selected fromthe group consisting of hydantoin, 5,

5- di et hyl; o] aghih t

met hyl - 5- gﬁgﬁa&bir#ehdgﬁfﬁmﬁglﬁfm n azg%ﬁg i%&?t{,iﬁlg?]gﬁ]%ﬁggﬁgéfﬁs%cogfer a boric
aci d conpdnhibitor eminkdbitersory constituent, and (c) a surfactant and (d)
ai | east one selected fromthe group consisting of benzotriazol e,

benzi m dazol e, thiouracil, thiobarbituric acid, benzothiazole, benzoxazole,
i ndazol e, 131dolAn eledmbiyncdgsﬂvmage'me,omﬂsingei r derivatives, as a

comper TP o Bhed O Bk Prgsnburd AR Bk Bt bR,

bath at a JepnEfe,, Isqnmvéthizmynaitm epiphiendl, 6hethydRinyrithizénepdpound as
an accessory caqnstitueqt aagﬁagfncentratlon off{romS to 100 g/t, the

sur f act antmgthy--B ODfsi antpify, a8 aprincippl eoORAMBL g/ 1 err], and the

copper i nhgyi tO:beﬁc'aQ{H Emhgbanatas%pmsﬁvyaéoheﬂnﬁnﬁmn 1 to 1000my/ [err]
15.. An electrolytic desilvering nethod whi ch conprises inmersing a work

- pi ece suchlchs coppefactnt @’ pper al | oy silvered on the surface into a bath

of an el ectg ol 288 9 to 14 and
t her eby ca@yl #@f %ﬁgﬁéﬁlée%fargg@am S %e%ﬁﬁggo&glr Sl ece&'ggﬁléﬁiﬁode 16.
met hod chenzitiidgzele, thienmlb thieberhimuricacid, bmmh}azde.dmmqﬂng i s

o e g P i B0 St

inhibitor or inhibltors.

14. An agent according to claim 13 wherein the desilvering constituentas a

principal constituent is used in a bath at a concentration of from 5 to 200g/%,

the boric acid compound as an accessory constituent at a concentration of from

5 to 100 g/f, the surfactant at a concentration of from 0.1 p g to 10 g/, and the
" copper inhibitor or inhibitors at a concentration of from 1 to 1000mg/f.

15. An electrolytic desilvering method which comprises immersing a work
pieéé such as copper or a copper alloy silvered on the surface into a bath of an
electrolytic desilvering agent according to any of claims 9 to 14 and thereby
carrying out electrolysis using the work piece as an anode.

16. A method according to claim 15 wherein the electrolytic desilvering is
performed with stirring under the conditions of pH; 7 to 14; bath current
density: 0.1 to 50 A/d m* and bath temperature: 10 to 60°C.
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