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1571 ABSTRACT

A method of 4nd an electrolyte for the bright electro-
plating tin-lead alloys which comprises using as the
plating solution a mixture which contains phenolsul-
fonates or cresolsulfonates of divalent tin and lead,
with the “reaction products of aliphatic aldehydes
with aromatic primary amines,” and acetaldehyde.

§ Claims, No Drawings
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ELECTROLYTE FOR AND METHOD OF BRIGHT
ELECTROPLATING OF TIN-LEAD ALLOY

This application is a continuation-in-part application .

of Ser. No. 199,396 filed Nov. 15, 1971, now aban-
doned.’

SUMMARY OF THE INVENTION

This invention relates to a method of and an electro-
lyte for the bright electroplating tin-lcad, which is char-
acterized by using phenolsufonates or.cresolsulfonates
of divalent tin and lead as the'commonly soluble com-
plex salts, and by using reaction products of aliphatic
aldehydes with aromatic primary-amines and acetalde-
hyde as additives to thc solution containing the above
complex salts. Itis an object to prevent the occurrence
of public pollution by using less poisonous salts than
borofluoric acid and its salts of tin and lead which are
now- used for the electroplating of tin-lead alloy. It is
also an object to provide a bright electrodeposit of a
tin-lead alloy whercin the ratio of metal components in
the plating solution is more nearly equal to that in the
deposit than in case of a plating solution using salts of
borofluoric acid, in the range of working condition and
with a stable electrolyte.

DETAILED DESCRIPTION OF THE INVENTION

This invention is characterized by providing tin-lead
alloy electrodeposits having excellent brightness and a
desired optional composition without the use of
strongly poisonous chemicals such as salts of boro-
fluoric acid, which have been used heretofore to obtain
electrodeposition of tin-lead alloys but are not desir-
able from the viewpoint of both environmental sanita-
tion and protection against public. endangerment. In
the conventional method of bright electroplating of a
tin-lead alloy onto a substrate, where salts of boro-
fluoric acid are used together, and when various addi-
tives necessary for bright plating are used, the ratio of
tin to lead is higher in the deposit than in the plating so-
lution, in the range of usual working conditions, be-
cause the electrical potential of lead in the solution is
very much higher than that of tin. It has been found
that the brighter the deposit is, the stronger this ten-
dency is. However, in the method of bright electroplat-
ing of tin-lead alloy, using phenolsulfonates or cresol-
sulfonates, and using as an additive; reaction products
of aliphatic aldehydes with aromatic primary amines,
and acetaldehyde, and supplementary additives as
mentioned in the following Examples, the deposit of
the desired composition can be obtained in the range
of usual 'working conditions only by controlling the
concentration ratio of metals in the plating solution,
without regard to the amount of additives, tempera-
ture, current density, state of agitation of the solution,
degree of brightness of the deposit, and other variables,
because the €lectric potentials of tin and lead in the so-
lution are made nearly equal.

It is not essential in this invention to usc the combina-
tion of the surface active agents as described in the ex-
amples, because phenolsulfonic acid and cresolsulfonic
acid per se, function as surface active agents. They,
thercfore, can be replaced by other surface active
agents which are expected to have similar effect. How-
ever, when the combination of phensolsulfonate or:cre-
solsulfonate of divalent tin and lead with the reaction
products of aliphatic aldehydes with aromatic primary
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amines is changed, the.above-described effects, mainly,
protection against public pollution, equality of the
metal composition in the solution to that in the bright
deposit over the wide range of working conditions and
so on, can not be expected. :

The reaction products of aliphatic aldchydes with ar-
omatic primary amines were prepared by reacting one
mol of an aromatic primary amine with one or more
mols of an aliphatic aldehyde, e.g., as disclosed in Brit-
ish Pat. No. 1,030,209.

Phenolsulfonic acid and cresolsulfonic acid prevent
divalent tin in the plating solution from being oxidized
by atmospheric oxygen to tetravalent tin, because they
function as antioxidants. Thercfore, they prevent the
formation of tetravalent-tin salt precipitates: which
have poor solubility,.and thus ensure clarity of the solu-
tion which is especially desirable in bright plating.

EXAMPLE 1
Divalent tin 15 g/l
(used in the form of stannous phenolsulfonate)
Lead 10 g/
(used in the form of lead phenolsulfonate)
Free phenolsulfonic acid 100 g/l
Brightening ugent 20 mi/l
(20% by weight solution of the precipitate
which was extracted with isopropyl alcohol
after the reaction of 5 mols of acetaldehyde
with 1 mol o-toludine at a pH 10.0 - 10.5 at
15°C for 10 days)
Surface-active agent 5 mijt
(sulfopropylized addition product of 1 mol
of nonylphenol with 13 mols of ethylene oxide)
Acetaldehyde (20% solution) 10 mi/l
Temperature 20°C
Current density 3 A/dm?
EXAMPLE 2
Divalent tin 27 gn
(used in the form of stannous cresolsulfonate)
Lead 3 gt
(used in the form of lcad cresolsulfonate)
Free cresolsulfonic acid 80 g/l
Brightening agent (same as in Example 1) 25 mijl
Surface active agent R g/l
(sulfonized addition product of 1 mol
of nonylphenol with 14 mols of ethylene oxide)
Acetaldehyde (20% solution) 10 mif1
Temperature 25°C
Current density 5 A/dm?
EXAMPLE 3
Divalent tin 15 g/l
(used in form ‘of stannous,phenolsulfonate)
Lead . 15 g/l
(used in form of lead phenolsulfonate )
Free phenolsulfonic acid . 150 g/
Brightening agent (same asin Example 1) 25 mifl
Surface active agent 5gn
(addition product of 1 mol of isooctyl
alcohol with 15 mols of ethylene oxide) |
Acetaldchyde (209%. solution ) S mi/l
Temperature 25°C
Current density R A/dm?
EXAMPLE 4
Divalent tin Lo 20 /1
(uscd in the form of stannots phenolsulfonite)
Lead B 25 g/l
(used in the form of lead phenolsulfonate )
Free phenolsulfonic acid 8O g/l
Brightening agent (same as in Example 1) 40 mlfi
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Surfdu.. active’ agent 10 g/
(addition product of | mol ()t nnn)lpthol :
with 14 mols of Llh)ILnL oxide)
Acctaldehyde (204 solution) 5 mli
Temperature 30°C
Current density 10 A/dm*

EXAMPLE 5
Divalent tin 15 g/t
(used in lorm of stdnnnus phcnolsultondu,)
l.ead: 10 g/l
(used. in f()rm of |Ld(l phcnnlsulmndtc)
Free phcnnlsulfnnu. aud 100 g/l
Brightening agent’" IS mi/l
(20%- of solution of the, precipitation
which was extracted with isopropyl alcohol
after the Féaction of 4-mols of acetaldehyde
with 1 mol of o-chloroaniline). . -
Surface active agent (same as in Example 1) 15 g/l
Acetaldehyde (20% solution) 10 mi/l
Temperature 18°C
Current density 3 A/dm?

"EXAMPLE 6
Divalent tin 15 g/l
(used in the form of stannous phenolsulfate)
Lead 10 g/l
(used in the form ol lead phunolsullondtu)
Free phenolsulforic acid 100 g/l
Brightening agent 15 mijl
(20% of solution of the precipitation which
was extracted with isopropyl alcohol after
the reaction of 3 mols of propion aldehyde - -
with 1 mol of aniline)
Surface active agent (same as in Example 1) 15.¢11
Acctaldehyde (20% solution) 10 mi/t
Temperature 18°C
Current density 3 A/dm?

Generally, both operative concentration range and
preferred concentration range of the components of
the both are as fol]ows

(operative range). -« (preferred)
Ce range)
Total Metal (divalent .
tin and Lead) F10-60 g/l 15-50 g/i
Frece cresolsulfonic acid oo :
or phenolsulfonic acid 50--200 g/l T5-150-g/1

Brightening agent 5-40 g/t F0-30 g/l
tor 15-50 ml/1)

Surface active agent 2-30 g/l 3-15 g/l

Acetaldehyde (20% 2 "() mI/I 3-15 ml/t

solution )}

When the electroplating was carri¢d out with moving
the anodc slowly under the condition of the solution
compositions as shown in the above exdamples, bright
deposition of tin-lead alloy was obtained in every case
of the examples without lapsing or preliminary electrol-
ysis. As the result of tests where the plating was carried
out in various current densitics, bright deposits were
obtiined respectively in the range of current density of
0.5-10 A/dm? in Example 1, 0.1-15 A/dm? in Example
2. 1-10 A/dm? in Example 3, and 3-20 A/dm? in Exam-
ple 4. Also when phenolsulfonate and free phenolsul-
fonic acid in the above examples were substituted with
cresolfulfonate and free cresolsulfonic acid, substan-
tially the same result was obtained.

The acctaldehyde is conveniently added in the form
of a 20% solution (in water). The use of acetaldehyde
in place of formaldchyde has the advantage that the
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bdlh is mou stable und does not tend to form precipi-
tates as do such baths containing formaldehyde.

The relative proportion of tin to the total dissolved
tin plus lead in the electrolyte is preferably between

about 40 and 99%.
In the above examples, the composition of deposits

obtained when using a current density of more than 3
A/dm?, were nearly equal to the proportions of metals
in the solutions. When using a current density of less
than 3 A/dm?, it was observed that the proportion of
lead in-the deposit increased as the current density de-
creased. However, the rate of said increase was almost
equal to that in case of non-bright deposition of the
alloy which was obtained from a plating soultion with-
out the brightening agent. Therefore, when the concen-
tration of metals in the plating solution and the current
density utilized were known, it was able to predict ex-
actly the composition of deposited alloy irrespective of
whether. it was bright or non-bright, and also the degree
of brightness.

It is known that in the conventional industrial method
of bright plating of tin-lead alloy where salts of boro-
fluoric acid is used, the content of tin relative to lead
in the deposit obtained at a current density of less than
10 A/dm? is much higher than in the plating solution.
Furthermore, it is also known that the composition of
the deposit is very variable with both the concentra-
tions of various additives and the degree of brightness.

The surface active dgent and acetaldehyde are used
as components of our plating solution in order to en-
large the range of current density which could provide
good, bright plating of alloy. There has been a gereral
teadency that the range of current density to provide
bright plating becomes higher as the amount of added
acetaldehyde becomes less. Although the compositions
of the solution and their conditions in the above-
mentioned examples were illustrated for rack plating,
this invention ‘can be applied to continuous plating and
barrel plating.

In this specification and claims, the 20% solution of
acctaldehyde is percent by weight.

- We claim: o

1.:An aqueous tin-lead alloy electroplating bath elec-
trolyte consisting essentially of an acidic aqueous solu-
tion of (i) at least one sulphonate salt selected from the
group consisting of the phenolsulfonate and cresolsul-
fonate salts of divalent tin and lead, the total of divalent
tin and lead being between 10 and 60 g/], and the total
of free phenolsulfonic acid and free cresolsulfonic acid
being between 50 and 200 g/, (ii) between 15 and 50
ml/l of a 20% by weight solution of a brightening agent
prepared by reacting an aliphatic aldehyde with an aro-
matic primary amine under alkaline conditions, and
(iii) betwecen 2 and 20 ml/l of acetaldehyde calculated
as a 20% by weight aqueous solution, said divalent tin
being between 40 and 99% of the total of divalent tin
and lead in the electrolyte, said brightening agent being
prepared by reacting 5 moles of acetaldehyde and one
mole of toluidine for 10 days at a pH between 10.0 and
10.5 and at a temperature of 15°C, and then extracting
the reaction product with isopropyl alcohol.

2. The eléctrolyte of claim 1 whercin (a) said total
divalent tin and lead is present in an amount between
15 and 50 g/l. and (b) said total of phenolsulfonic and
cresolsulfonic free acid is in an amount between 75 and
150 g/l.. (c¢) said rcaction product is present in an
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amount between 10 and and 30 g/, and (d) containing
between 3 and 15 ml/l of said acetaldehyde solution.

3. The electrolyte of claim 2 wherein said aromatic
primary amine is selected from the group consisting of
o-toluidine, o-chloroaniline and aniline.

4. A method of electrodepositing bright tin-lead alloy
comprising positioning an anode and a cathode in the
electrolyte of claim 1 and passing a current from the
anode to the cathode to electrodeposit tin-lead alloy on
said cathode, the ratio of tin to lead in said tin-lead
alloy electrodeposit corresponding to the ratio of tin to
lead in said electrolyte.

S. A process for the bright electroplating of a sub-
strate comprising the steps of:

positioning said substrate in an electroplating bath

electrolyte containing tin and lead and electrode-
positing tin and lead on said substrate from said
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electrolyte in a bright electrodeposit, said electro-
Iyte consisting of at least one salt selected from the
group consisting of the phenolsulfonate and cresol-
sulfonate salts of divalent tin and lead, the total of
divalent tin and lead being substantially 10 to 60 g
per liter, the divalent tin being between 40 and
99% of the total divalent tin and lead in the electro-
lyte, the total free phenolsulfonic acid or cresolsul-
fonic acid being between 50 and 200 g/liter, be-
tween 10 and 30 g/liter of a brightening agent pre-
pared by reacting 5 moles of acid acetaldehyde for
each molc of toluidine for 10 days at a pH between
10.0 and 10.5 at a temperature of 15 C and extract-
ing the reaction product with isopropyl alcohol,
and between 2 and 20 ml/liter of acetaldehyde cal-

culated as a 20% by weight aqueous solution.
* * * * *



