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PROTECTION OF LEAD-CONTAINING ANODES DURING
CHROMIUM ELECTROPLATING

BACKGROUND OF THE INVENTION

Cross-Reference to Related Application. This application is a continuation-in-part of
my copending United States Patent Application, Serial Number 431,963, filed
November 6, 1989. |

Field of the Invention. This invention is in the field of protecting lead anodes
from corrosion during metal-electroplating processes.  More particularly, this
invention provides a process and composition for electroplating chromium, using
lead or lead-containing anodes under conditions which produce adherent, bﬁght
chromium deposits at high efficiencies, where cathodic low-current-density etching
is substantially reduced in comparison with existing high-efficiency catalyst systems.
The invention further provides a composition for the replenishment of exhausted
or depleted plating baths while diminishing anode corrosion.

Description of the Prior Art.  Several advantages of certain short-chain alkylsulfonic
acids in chromium electroplating have been described for both decorative and
functional systems. U.S. Patent No. 3,745,097 to Chessin, assigned to the same
assignee as this invention, discloses decorative electroplating baths conteining
alkylsulfonic or haloalkylsulfonic acids in combination with certain carboxylic acids
to produce bright, iridescent chromium surfaces on the articles plated. In US.
Patent No. 4,588,481, Chessin et al. further disclose functional chromium
electropleting processes which use baths containing alkylsulfonic acids having a ratio
of sulfur to carbon of 1/3 or greater, but free of carboxylic acids; the processes
result in hard, adherent chromium deposits produced at elevated temperatures and
high efficiencies without cathodic low-current-density etching. However, the
chromium-plating baths taught by United States Patent 4,588,481, while yielding the
high-efficiency plating described in that disclosure, also resulted in severe problems
of scale buildup on, and etching and corrosion of the anode. The disclosure of
U.S. 4,588,481 specifies a variety of sulfonic acids, including methane-sulfonic acid
(MSA), ethane-sulfonic acid (ESA), methanedisulfonic acid (MDSA) and 1,2-ethane-

REPLACED SHEETS SG
i Description : paged 1 to paged ..M......
[l Claim(s) :paged..W. to paged .. K.....
] Drawing(s) : paged ....... to paged .......... ,
"] Abstract : paged ........ to paged .......... | | THIS SHEET HAS BEEN
DATH OF RECEIPT i I REPLACED
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5 As noted hereinabove, when chromium-plating processes using MSA have

been installed and utilized commercially, difficulty has arisen in functional plating
using lead or conventional lead-alloy anodes; investigation into the matter of anode
corrosion subsequent to the issuance of U.S. 4,588,481 has revealed that MSA in
the plating baths generally causes the excessive corrosion of those anodes after
10 extended operation, relative to the corrosion observed in conventional .plating

processes.
"Conventional plating processes’ or "conventional baths” are herein defined
as those which are conducted with a plating bath consisting of chromic acid and
sulfate ion as the. essential ingredients, the sulfate ion generally being provided by
15 sulfuric acid or sodium sulfate, although those are not limiting sources, the
requirement being solely that a soluble sulfate be provided. It has been found
that as a lead anode is used repeatedly in functional chromium electroplating with
baths containing MSA, the anode disintegrates at a faster rate than in conventional
baths, and it must therefore be replaced much sooner than the anode in an anal-
20 ogous conventional bath. In this specification, the term "lead anode" is intended
to define plating-bath anodes formed of lead or lead alloys commonly containing
varying percentages of tin or antimony, either alome or in combination with other
metals. Such materials are well known to those skilled in the art, and as such

form no part of this invention.
25 In my United States Patent 4,786,378, I introduced bismuth, arsenic or
antimony ion into the bath with MSA in an attemupt to reduce anode corrosion.
Thereafter, in U.S. 4,810,337, describing the use of sulfonic acids in electroplating
processes, I disclosed one treatment of the anode-corrosion problem described here
in connection with the use of MSA. In that patent, I noted that a heavy scale
30 deposit occurs in plating processes using MSA, and applied a relatively high voltage
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1/3 or greater, but free of carboxylic acids; the processes result in
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scale buildup and concomitant corrosion.

Another attempted solution to the problem has been the investigation of
materials which are resistant to attack by bath compositions containing MSA. For

5 instance, in German application 3,625,187A, filed on July 25, 1986, anodes made
of lead containing up to about 9% by weight of antimony or about 1% by weight
of palladium, with or without small amounts of tin, silver and/or selenium are
reported to show "good results® when used in functional chromium electroplating
processes carried out at 55°C, with a cathodic current density in the range of 30

10 to 32 amperes per square decimeter (as.d.) and an anodic current density of from
25 to 30 asd. -

I have also investigated the effect of the purity of MSA on anode corrosibn,
on the supposition that impurities accompanying MSA might be at least a part of
the problem. " As-noted in connection with Table I hereinbelow, this has been

15 found not to be the case.

The foregoing publications and experimental work indicate at least in part
the magnitude of the effect of anode scale and corrosion on plating, and the
variety of approaches to its solution. However, until the evaluations leading to
the present invention, workers in the art of chromium plating did not recognize

20 that alkylpolysulfonic acids used as 'plating catalysts could both improve plating
efficiency and decrease anode corrosion.

MSA and ESA have been generically identified as useful additives in plating
baths for functional chromium-plating processes. However, as discussed hereinabove,
the relevant references have indicated the problem of severe anodic corrosion when

25 chromium is functionally electroplated for an extended period of time with lead
' anodes in plating baths containing MSA, the industry standard. Significantly, those
references fail to suggest or disclose any particular means for an economical
solution to the problem without sacrificing cost or process efficiency, or the other
advantages obtained using baths containing MSA. |
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(EDSA) General y for “econonic reasons, MSA has become the agent of choice
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corrosion are encounE not ed herei nabove, when chrom um pl ati ng
processes using MSA al | ed and utilized comrercially,
difficulty has arisen in functional plati g using | ead or conventi onal

| ead-al | oy anodes; investigation into the matter of anode corrosion
subsequent to the issuance of U.S. -A-4,6588,481 has revealed that MBA in the
pl ating bat hs SUMMARY OF THE INVENTION

The present invention provides a process of and composition for functionally
electroplating chromium from a high-efficiency, etch-free plating bath onto a
basis-metal cathode with a lead anode under conditions which substantially reduce
5 or eliminate excessive corrosion of the anode by the plating bath after extended
use, which process comprises contacting the basis-metal cathode and the lead anode
with a plating bath consisting essentially of chromic acid and sulfate in amounts
sufficient to obtain a useful deposit of chromium, and at least one alkylpolysulfonic
acid, halogenated alkylpolysulfonic acid, or salt thereof, which acid or salt contains
10 from one to about three carbon atoms, and electrodepositing chromium at a
cathode efficiency of at least 20% at a current density of about 30 as.d. and a
plating temperature of from about 45 to about 70°C for a time sufficient to obtain
a desired functional chromium deposit, in the substantial absence of a corrosion-
producing monosulfonic acid, such that there is minimal cathodic low-current-density
15 etching. As used herein, the term "substantial absence of a corrosion-producing
.monosulfonic acid" is used to mean the inclusion in the plaung bath of amounts
of one or more monosulfonic acids or salts, whether added to the bath or formed
in situ, which acids or salts are insufficient to cause anode corrosion greater than
that encountered in conventional plating baths.
20 DESCRIPTION OF THE PREFERRED EMBODIMENTS
The preferred embodiment of the present invention is the composition for
securing chromium electroplated from an etch-free, high-efficiency, plating bath onto
a basis-metal cathode with a lead anode in the substantial absence of corrosion-
causing amounts of monosulfonic acids, which composition comprises chromic acid
25 and sulfate ion in amounts sufficient to obtain the desired deposit of chromium,
and at least one alkylpolysulfonic acid, halogenated alkylpolysulfonic acid, or salt
thereof, which acid or salt contains from one to about three carbon atoms. The
process of this invention comprises contacting a basis-metal cathode and a lead

anode with a plating bath consisting essentially of chromic acid and sulfate ion in
30 amounts sufficient to obtain a useful deposit of chromium, and at least one
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| ead al | ogtsowtodborg )abonﬂtmmlamd and at a plating temperature of about 45 to about
5 70°C for a time sufficient to obtain a bright, adherent chromium deposit.

In the course of attempting to reduce anode corrosion in chromium-plating
processes, it has surprisingly been discovered that substantial replacement of MSA
by certain alkylpolysulfonic acids in chromium electroplating baths for use with lead
anodes dramatically reduces the amount of anode corrosion without sacrificing

10 plating efficiency or chromium adherence. Specifically, the use of the
alkylpolysulfonic acids or salts thereof of the present invention- enables the
production of useful chromium-plated items; i.e., those whose characteristics are .at
least as good-as those obtained in the course of high-éfficiency baths of the prior
art. -

15 The benefits of the present invention may be realized by the use in the

_plating bath of at least one material selected from the group consisting of
alkylpolysulfonic acids containing from ome to about three carbon atoms,
halogenated alkylpolysulfonic acids, and salts of such acids and halogenated acids,
which acids or salts contain from one to about three carbon atoms. Halogenated

20 acids are those containing fluorine, chlorine, bromine or iodine bound to a carbon
atom; fluorine- and chlorine-substituted derivatives are preferred. Representative
acids and salts include MDSA, mono- and dichloro-methanedisulfonic acid,
1,1-ethanedisulfonic acid, and monochloro- or 1,2-dichloroethanedisulfonic acid and
their salts, provided that there is no precipitation of chromium or sulfate moieties

25  caused by the addition of the salt. Preferred cations are chosen from alkali
metals. Particularly preferred are sodium and potassium salts. The
alkylpolysulfonic acids or salts of the present invention have the formula

Ra"[Cn"(SOZOH)y]m

30 | X,
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where a and b are independently from 0 to 2, n is from 1 to 3, m and y are
independently from 1 to 3, provided that the total number of sulfonic groups in
the molecule is not less than 2, X is halogen or oxygen, R is unsubstituted lower
alkyl or substituted lower alkyl, where the substituents on R are halogen or
oxygen, and where hydrogen occupies any positions otherwise unaccounted for, i.e.,
to satisfy unfilled valences of carbon or oxygen. Those skilled in the art will
realize that the salts of this invention can be formed by the replacement of the
labile hudrogen of the sulfonic group by a metal, such as, e.g., sodium, potassium,
or the like.

As set forth in the formula above, the alkylpolysulfonic acids of this
invention contain at least two sulfonic acid groups conmected to carbon, and any
one carbon atom can have up to three sulfonic acids groups attached thereto.

In the utility of the present invention, the polysulfonic acids or salts thereof
are incorporated ipto a functional chromium-plating bath in substantially catalytic
amounts.  Within the scope and spirit of this invention, and depending upon
plating conditions, that amount has been determined to be from about 025 to
about 40 grams per liter (g/l), and preferably from about 1 to about 12 g/l, of
an alkylpolysulfonic acid, halogenated alkylpoly-sulfonic acid or salt thereof.
Particularly preferred amounts range from about 2 to about 8 g/l. In a preferred
embodiment, the alkylpolysulfonic acid is MDSA.

As used in this specification, "excessive corrosion” is that amount of corrosion
perceptibly in excess of the corrosion observed in conventional plating processes.
"Extended” use is the amount of use of a lead anode in a conventional system
which leads to detectable corrosion of that anode.

The present invention further provides a functional chromium- plating system
comprising a lead anode, a basis-metal cathode and a plating bath consisting
essentially of chromic acid and sulfate ion, and at least one alkylpolysuifonic acid,
halogenated alkylpolysulfonic acid, or a salt thereof, which acid or salt contains
from one to about three carbon atoms, in amounts sufficient to obtain efficient
functional electrodeposition, the bath being capable of producing bright, adherent
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arsenic or antinony ion into the bath wi th MSA in an attenpt to reduce
anode.cdrrosion. Ther afﬁra I n U S. -A-4,810, 337, describing the use of -
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s' scri bed here in connection with the use

of the anode- corroqgi
of MSA. . In that ed that _a heavy scal e deposit occurs in

pl ati ng processes using MSA, and applied &-relatively high voltage across
the electrodes prior to the plating process in order to reduce the observed
scal e buil dup and concom tant corrosion. Anot her attenpted sol ution
to the prbboreinthadepesits twhile raintaiging mmnu:halnmadmchd: slommeméensayr etching

187" anodd® i OFORABARL o APS Heng chp FSHQBULEIS0, )0 gl EBISHT | AIRHOOA
about 1%e%megb§m@ﬁ" Pedcupsli FBR e Pleoraﬂ""éaﬂ%&e %'fﬁéxkné@?uélt @t Ofeakt 0% at
silver and/or seleniumare reported 0 show good results" when used in _
functiond0 as.d. and 55°C. A "corrosion-inhibiting amount” of added bath material is that

5 amount which provides enhanced plating efficiency over conventional plating baths
while avoiding electrolytic or chemical attack at an electrode.

The present invention provides a functional chromium electroplating bath
which is useful to produce bright, adherent chromium deposits at high efficiencies,
but which substantially avoids the excessive anode corrosion which is characteristic

10 of industrial baths containing MSA, the inventive bath consisting essentially of
chromic acid and sulfate in amounts sufficient to obtain efficient functional
electrodeposition, and at least one alkylpolysulfonic acid, halogenated alkylpolysn.ﬂfoﬁic
acid, or a salt thereof which acid or salt contains from one to about three
carbon atoms, and is substantially free of monosulfonic acids. As used herein, the

15 term "substantially free”, when applied to monosulfonic acids, is chosen to mean

. a concentration of monosulfonic acid low enough not to cause a detectable rate
of corrosion higher than that experienced in a conventional plating bath consisting
essentially of chromic acid and sulfate ion, in amounts sufficient to obtain a useful
deposit of chromium. :

20 The functional chromium electroplating baths of this invention consist
essentially of chromic acid, suifate ion and at least one alkylpolysulfonic acid,
halogenated alkylpolysulfonic acid or salt thereof. Useful chromic acid amounts
range from about 100 to about 450 g/l, preferred ranges being from about 200
to about 300 g/L. Sulfate ion is incorporated in amounts ranging from about 1

25 to about 5 g/l, and preferably ranging from about 15 to about 3.5 g/l

The electroplating baths may include other ingredients which do not
substantially affect process efficiency, chromium adherence or brightness in a
negative manner. Such additives may be incorp-orated to improve handling of the
baths, such as, e.g, fume suppressants, brightening agents and the like.
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chromi.um el ectropl ating processes carried out at 55[err]C, with a cathodic
current densgﬁ}/ I n tThés SheenBe Boén R3pladed 32 anperes per square deci neter
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al so investlgat ed the ll] pur| ty of I\/SA on anode corrosion, on
the supposition that inmpuriti'es acconpanygng m ght be at least a part
of the problem As noted in connectlon vm h Tabl e |l hereinbelow, this has
been found not to be the case The f oregoi ng publications and
experi nment al art fhe nmpgni tude of the effect of
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0 to about 100 as.d. at a plating temperature of from about 45 to about 70°C.

Current den-sities of from about 11 to about 230 as.d. are suitable in the process

S of this invention, while densities of from about 50 to about 100 as.d. are
preferred.  Plating efficiencies of at least 20% are easily achieved, with values of

from about 22 to about 28% being typical under the described most-preferred
conditions.

The functional electroplating system of the present invention includes a lead
10 anode, a cathode generally comprising a work-piece for plating, and the chromium
electroplating bath as described above. Typical cathode items include crankshafts,
piston rings and the like. As previously noted, typical anode materials include
substantially pure lead, but are more generally alloys containing lead in combination
with tin, antimony, tellurium and a variety of other metals, either singly or in
15 combination. In the nomenclature of the examples herein, a term such as
"Pb-7%Sn" is a tin-lead composition being primarily lead, and having about 7% tin
by weight as the alloying metal. In such compositions, there may further be
minor amounts of other materials present.
The utility of this_ invention is shown by the following examples, which are
20 illustrative rather than limiting: '
Example 1
Accelerated anode-corrosion tests were conducted using previously weighed
Pb-7%Sn anodes in several different chromium-plating baths as described here:
(8) a conventional chromium-plating bath (chromic-acid:sulfate-ion ratio of
25 100:1);
(b) an analogous bath containing chromic acid, sulfate ion and MSA; and
(¢) a bath according to the present invention, containing MDSA as a
representative disulfonic acid in place of MSA.
Extended bath usage was simulated by plating at 60°C at an anode current
30 degsity of 05 asd. for 30 minutes, followed by 30 minutes of non-plating. This
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identified as useful
process was conducted for about eight hours and the power turned off overnight,
during which time the bath was allowed to cool. These steps were repeated for
a period of several weeks; the anodes were occasionally removed, dried, weighed

and then re-inserted into the bath. The results are given in Table I

5 TABLE 1
Anode Weight Loss (g)
Electroplating Bath 600 amp-hrs 1605 amp-hours

(a) Conventional (250 g/l
chromic acid; 2.5 g/

I
1

10 sulfate ion) 13.32 i 3733
(b) MSA (bath [a] with {

3.0 g/l MSA) 16.29 i 4177
() MDSA (bath [a] with |

32 g/l MDSA/Na salt) 13.41 | 3731

15 It is seen that in bath (c), containing MDSA as set forth herein for use

in the process of this invention, anode corrosion remains substantially at the level
of a conventional chromium-plating bath (a), whereas bath (b), with MSA as the
plating-improvement medium, leads to corrosion at a substantially higher rate. In
bath (b), there was evidence of serious interfacial attack on the anode, while in
20 the conventional bath (a) and inventive bath (c), the appearance of the anode was
substantially unaffected by the plating process. The quality of the deposit obtained
with the inventive bath was at least as good as, and possibly somewhat harder
than, the plating achieved with either the conventional commercxal plating bath or
that containing MSA.
25 Example 2
In a second type of accelerated test, a measured direct current was applied
to the Pb-7% Sn anode in bath solutions deliberately kept low in chromic acid
and high in MSA or MDSA. The percentage of current which formed soluble
products (i.e., the percentage of current leading to corrosion) was determined by
30 measuring actual anode weight loss and dividing that value by the weight loss pre-
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el ectroplated for an of time with | ead anodes in plating
bat'hs cont ai ni ng MSA tand d Significantly, those
references fail to suggest or disclose a particul ar neans for an
economi cal solution to the problemw thout sacrificing cost or process
efficiency, or the other_advantages obtai ned using baths contai ni ng MSA.
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in a process in which a functional chrmmw Heposit is electroplated onto a
basi s-nmetal cathode at a current density of at |east 30 A/dnferr] and

temperature of from45[err]Cto Concentration, Moles/Liter
5 0.13 ' 0.25
: |
. Material _ Current, Percent
i
10 Chromic Acid, 100 g/! (control) 0.61 : 0.61
70% assay MSA 1.64 i 3.40
99.9% assay MSA, sample 1 1.72 ' 5.79
ESA 229 - 3.81
1-Propanesulfonic acid 3.18 | 5.76.
15 1-Butanesulfonic acid 6.30 ] 5.56
Methanedisulfonic acid 0.72 | 0.79
disodium salt ' H
1,2-Ethanedisulfonic acid 0.55 ' 035
sodium salt |
20 2-Propanesulfonic acid 1.90 ' 3.67
) sodium salt H
2-Chlorosulfonic acid - 155 i 3.19
sodium salt monohydrate !
2-Ketopropane-1,3-disuifonic 051 H -
25 acid dipotassium salt |

It will be observed from a consideration of the foregoing table that the
teaching of a sulfur-to-carbon ratio of 1/3 in Chessin et al. in U.S. 4,588,481 was
in fact overbroad. Both the ethane- and propanesulfonic acids, while adequate
plating catalysts falling squarely within the disclosed limits of Chessin et al, also

30 promote unacceptable levels of corrosion in chromium-plating baths.

These results also demonstrate that corrosion of the anode in the presence
of MDSA is substantially the same as the conventional bath, whereas the presence
of MSA caused substantially increased anode corrosion.

The present invention has further utility as a replenishment composition for

35 existing operations. Specifically, a composition 'consisting essentially of chromic acid
in amounts sufficient to replenish what has been consumed in plating, and at least

. utk‘l
ms SHEET HAS.
T REPLACLD




70[err] C using the |ead anode in plating bath free of anode '

corrosion-inhibitin sSpfrfletd@uth, arsenic or antinony ions and
cont aiwx) 9g/0669OM C e ion and said sul phonpet/esis/bé4se.
which is an al kylgz‘(m hal ogenat ed al kvl sul phoni c acid or
salt thereof having ree C gbon atons and giving a cat hode
efficiency of at |east 20% A cdﬁi— Sition for securing chrom um
el ectroplated froman etch-free, high-efficiency, plating bath onto a

basi s- net aI cat hod | ead anode in the substantial absence of
corrosi oPRe AL lﬁfﬁ%tagxd onaloganased, allodpelysulfande acid, or salt thereof is useful

for addmon to a functional chromium-plating installation to improve plating
efficiency with concomitant decrease in anode corrosion, even where the existing
installation is operating with baths of the prior art.

5 In particular, utility in accordance with this invention has been found in a
replenishment composition for a chromium-plating bath having chromic acid and at
least ome alkylpolysulfonic acid, balogenated alkylpolysulfonic acid or sait thereof
in amounts from about 1 to about 40 g per kilogram (kg) of CrO, and
preferably from about 2 to about 25 g per kg, of replenishment composition. This

10 composition can be either a solid mixture or a solution. Those skilled in the art
will realize that the chromium can be present as the oxide, the acid or a salt,
and that the amount of chromium is calculated and expressed for convenience as
CrO,, irrespective of the exact nature of the chromium-containing material present.

Modifications and improvements to the preferred forms of the invention

15 disclosed and described herein may occur to those skilled in the art who come
to understand the principles and precepts hereof. Accordingly, the scope of the
patent to be issued hereon should not be limited solély to the embodiments of
the invention set forth herein, but rather should be limited only by the advance
by which the invention has promoted the art.
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5- .conpri ses chromc "aci d and sulfate lon in amounts sufficient to

obt ain ed depesk and at | east one al kyl pol ysul fonic
aci d, hgﬁﬁm 2d al kyl hectlia or salt thereof, RET/AIS9M6I2Dr
salt contains from one mmm n atoms The process conpri ses
contacting a basis-net a leaghanode with a plating bath
consisting essentially of chrom ¢ acid. and suI fate ion in anmounts
sufficient to obt a| n a useful deposit of chromium and at |east one

al kyl pol ys @Poggnat ed al kyl pol ysul fonic acid, or salt
t her eof , i C aC| d or sa htains from one to three carbon

at ond, and L The process of electroplating chromium from a high-efficiency, etch-free
2 Jlating bath onto a basis-metal cathode with a lead anode in the substantial
3 absence of a corrosion-producing monosulfonic acid, which comprises contacting a
4 basidxmetal cathode and the lead anode with a plating bath consisting essentially
S of chromic acid and sulfate ion in amounts sufficient to obtain the desired deposit
6 of chromiym, and at least one alkylpolysulfonic acid, halogenated alkylpolysulfonic
7 acid, or salt\thereof, which acid or salt contains from one to about three carbon
8 atoms, and eledrodepositing chromium at a cathode efficiency of at least 20% at
9 a current density \of at least 30 as.d. and at a plating temperature of abouf 45
10 to about 70°C for atime sufficient to obtain a bright, adherent chromium deposit.
2, A process \according to claim 1 wherein the plating temperature- is
from about 50 to about ®¥°C.
3. A process according to claim 1 wherein the cathode efficiency is from
about 22 to about 28% and the current density is between about 45 and about
90 as.d.
4. A process according to clim 1 wherein the amount of chromic acid
in the plating bath is from about 100 i about 450 g/l |
5. A process according to claim 4 wherein the amount of chromic acid
is from about 200 to about 300 g/l
6. A process according to claim 1 whedgin the alkylpolysulfonic acid or
salt is selected from the group consisting of methanedisulfonic acid, mono- and
dichloroethane 1,2-disulfonic acid, 1,1-ethane opic acid, and mono- and
dichloromethanedisulfonic acid and salts thereof. o
7. A process according to claim 6 wherein the ,;H:yl}iisul.fonic acid or salt
is present in the bath in an amount ranging from about—05 t& about 20 g/l
8. A process according to claim 7 wherein the amount 1, from about 1
to about 12 g/l ‘
9. A process according to claim 8 wherein the amount is from_about 2
to about 8 g/l
) O O .




el ectrodepositing.chromumat a cathode efficiency of at |east 20% at a
current ‘density of fromabout 11 to about 230 as.d., and at a plating
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sacrificing pl@tind drPresseaesprdingc o oclhimm 6 awhereimctbe alkyipadysuifonid 1agid is

the use %! _ laEm ysul fonic acids or salts thereof enables the
pr oduct i DR -6 eggg}tg'bﬁghrorﬁ umplated itens; i.e., those whose

characteristi®h ar A girotessshccurdligodo agaimhos® Rhérinedel Mdthansdisiilfchi®f acid
hi gh-effjciency baths of the prior art.

Is present 1o an amount from about 2 to about 8 g/l

12. A process according to claim 1 wherein the sulfate amount is from
about 1 to abouwt S5 g/l |

13. A prodess according to claim 12 wherein the sulfate amount is from
about L5 to about 3§ g/l

14. A process according to claim 1 wherein the current density is from
about 15 to about 100 as.d. '

15. A chromium ‘plating process which comprises a lead anode, a

1

2 basis-metal cathode and a pliting bath consisting essentially of chromic acid and
3 sulfate in amounts sufficient to obtain efficient functional electrodeposition in the
4 substantial absencs of a corrosion-producing monosulfonic acid, and at least one
S alkylpolysulfonic acid or salt having the formula

; R,~{C,~(SO0H),],

8 )'c,, '

9 where a and b are independently from 0 to 2, n is from 1 to 3, m and y are
10 independently from 1 to 3, provided that the total number of sulfonic groups in
11 the molecule is not less than 2, X is halogen or Qxygcn, R is unsubstituted lower
12 alkyl, or substituted lower alkyl where the sybstityems -on R are halogen or
13 oxygen, and where hydroan occupies any positiojs otherwiss unaccounted for on
14

carbon or oxygen, the bath producing bright, adhéent chromium deposits.

16. A process according to claim 15 wherein the amount of chromic acid
in the plating bath is from about 100 to about 450 g/l

17. A process according to claim 16 wherein the¢ amount of chromic acid
is from about 200 to about 300 g/l | -

L
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"18. A process according to claim 15 wherein the alkylpolysuifonic acid or
salt is selected from the group consisting of methanedisulfonic acid, monmo- or
dichloro  methanedisulfonic  acid, 1,1-ethanedisulfonic acid, mono- or
dichlorcethanedisulfonic acid, and alkali-metal salts thereof.

19. A process according to claim 18 wherein the alkylpolysulfonic acid or

,5>_ salt is present in the bath in an amount from about 0.5 to about 20 g/l
20. A process according to claim 19 wherein the amount is from about
o about 12 g/l

21\ A process according to claim 20 wherein the amount is from about
2 to about\§ g/l |

2. A\process according to claim 18 wherein the alkylpolysulfonic acid is
methanedisulfonic “\acid.

8. Apr
2 to about 8 g/i.

24. A process aceqrding to claim 15 wherein the suifate amount is from
-about 1 to about 5 g/L

25. A process accordind\ to claim 24 wherein the sulfate amount is from
about L5 to about 3.5 g/L

26. A process according to
about 30 to about 100 as.d. '

27. A reduced-corrosion chromium “¢lectroplating bath for use with lead

according to claim 22 wherein the amount is from about

aim 15 having a current density of from

t4

halogenated alkylpolysulfonic acid or salt thereof, which\acid or salt contains from
one to about three carbon atoms, said bath being capable of producing bright,
adherent chromium deposits
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28. A bath according to claim 27 wherein the amound/of chromic acid
is from about 100 to about 450 g/l
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three carbon atons. ---I—la-l--ogena_t__eq'aCi ds are those contining fluorine,
chlorine, brom ne 27 i odi ne bound“to a carbon atom fluorine- and

chl or W 9s/08693 t ut €0 Flitaabdcy g are preferred. Represenpefiyspoasdagds and
salts include MDSA, d

chl or o- met hanedi sul fonic acid, 1, 1-
et hanedi sul foni ¢ ﬂ nonochl or o- or 1, 2-

di chl or oet hanedi sul fonic a thei r- §arts, provi ded that there:is no
precipitation of chromumor sulfate noieties caused by the addition of the
salt. Preferred cations are chosen fromalkali netals. Parti.cularly
prefered are 8ddi ui daghpaccosdingmte atlasn B ewhetejn prhey soidui ofafiirdatioracid
salts hayeqte [t 560 erarb]out 300 g/L . -

30. A bath according to claim 27 wherein the alkyl-polysdlfonic acid or
salt is selected from the group consisting of methanedisulfonic acid, mono- or
dichloromethanedisulfonic acid, 1,1-ethanedisulfonic acid, mono- or dichloro-
ethanedisulfonic acid, and alkali-metal salts thereof. .

31. A bath according to claim 30 wherein the alkylpolysulfonic acid or salt
is present in the bath in an amount ranging from dbout 0.5 to about 20 g/l

.32, A bath according to claim 31 wherein the amount is from about 1
to about 12 g/L | :

33. A bath according to claim 32 wherein the amount is from about 2
to about 8 g/l .

34. A bath according to claim 30 wherein the alkylpolysulfonic acid is
methanedisulfonic -acid.

35. A bath according to gfaim 34 wherein the acid is present in the bath
in amounts ranging from about 2 to about 8 g/l .

36. A bath according to- claim 27 wherein the sulfate amount is from
about 1 to about S g/L

37. A bath acgording to claim 36 wherein the sulfate amount is from
about LS to about 35 g/L |

38. A bath according to claim 27 with a current density from about 30
to about 100 asd.

39. A replenishment composition for use in a chromium-plating bath with
lead anodes in the substantial absence of a corrosion-producing monosuifonic acid,
which composition consists essentially of chromic acid and at least one
alkylpojysulfonic acid, halogenated alkylpolysulfonic acid or salt thereof, which acid
or sgit contains from ome to about three carbon atoms, said composition being
capable of replenishing a plating bath to produce bright, adherent chromium
deposits.
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where a_and b are indépendently-fromO0 to 2, nis froml to 3 mand y are
mdepwﬁjgm,mg,fro 0 3 provi ded t hat the total numberpof

groups in the nole n?'hi]'sSLee “Reﬂmdthan 2, X is hal ogen or oxygen #I S
unsubsti tut ed Iovver tltut ed | over al kyl, where the
substituents on R ar oxyge.n 16and where hydrogen occupi es any

positions otherw se unaccount e .e., to satisfy unfilled val ences of
carbon or oxygen. Those skilled |n the art will realize that the salts can
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forth i fromhabsuf dr rtol abounkidvg/kg ofhe&r@,kyl pol ysul foni ¢ aci ds cont ain at

can have. up @3-t hiébCUHPRRPE S6EPHEE) 0. R, Th TSR oAUy POSUtoRE acd
is from about 2 to about 25 g/kg of CrO,. :

42. A compesition according to claim 39 wherein the alkylpolysulfonic acid
or salt is selected from the group consisting of - methanedisulfonic acid, mono- or
dichloro methanedisulfonic acid, 1,1-ethanedisulfonic acid, mono- or dichloro-
ethanedisulfonic acid, and alkalivmetal salts thereof.

43. A solid composition ascording to claim 39.

44. A liquid composition accoxding to claim 39.

45. A composition according to claim 39 wherein the alkylpol?sulfonic acid
is present as a liquid and the CrO; is presemt as a solid.
| 46. A composition according to claim 39 ‘wherein the alkylpolysulfonic acid
is methanedisulfonic acid.

47. A composition according to claim 39 wherein the alkylpolysulfonic acid
.is ethanedisulfonic acid.

48. A composition according to claim 39 wherein the chromium-plating
bath is a high-efficiency, etch-free bath.
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PROTECTION OF LEAD-CON ANC ‘CHRC IUEWEEM

Description

This invantion is in the field of protecting lead anodes from corrosion during metal-elactroplating pracesses. Mora
particularly, this invention provides a process and composition {or alectroplating chromium, using lead or lead-contain-
ing anodes under conditions which produce adherent, bright chromium deposits at high efficiencies, where cathodic
low-current-density etching is substantiaily reduced in comparison with ‘existing high-efficiency catalyst systems.

Several advantages of certain short-chain alkylsulfonic acids in chromium electroplaling have been described for
both decorative and functional'systems. Our US-A- 3,745,097 discloses decorative electroplating baths containing
alkylsulfonic or haloalkylsultonic acids in combination with certain carboxylic acids to produce bright, iridescent chro-
mium surfaces on the articles plated, In US-A- 4,588,481, we further disclose functional chromium electroplating proc-
essas which use baths containing alkyisulfonic acids having a ratio of sulfur to carbon of 1/3 or greater, but free of
carboxylic acids; the processes result in hard, adherent chromium deposits produced at elevated temperatures and
high efficiencies without cathodic low-current-density etching. However, the chromium-plating baths taught by US-A-
4,588,481, while yielding the high-efficiency plating described in that disclosure, also resulted in severe problems of
scale buildup on, and etching and corrosion of the anode. The disclosure of U.S.-A- 4,588,481 specifies a variety of
sulfonic acids, including methane-suifonic acid (MSA), ethane-sulfonic acid (ESA), methanedisulfonic acid {(MDSA)
and 1,2-ethanedisulfonic acid (EDSA). Generally for economic reasons, MSA has becoms the agent of choice in a
number of commercial embodiments for chromium piating which have appeared in the marketplace, even though severs
scale buildup and anodic corrosion are encountered.

As noted hereinabove, when chromium-piating processes using MSA have been installed and utilized commer-
cidlly, difficulty has arisen in functional plating using lead or conventional lead-alloy anodes; investigation into the matter
of anode corrosion subsequent to the issuance of U.S.-A- 4,588,481 has revealed that MSA in the plating baths gen-
erally causes the excessive corrosion of those ancdes after extended operation, relative to the corrosion observed in
conventional plating processes.

"Conventional plating processes" or "conventicnal baths" are herein defined as those which are conducted with a
plating bath consisting of chromic acid-and sulfate ion as the essential ingredients, the sulfate ion generally being
provided by sulfuric acid or sodium sulfate, although those are net limiting sources, the requirement being solely that
a soluble sultate be provided. It has been found that as a lead anode is used repeatedly in functional chromium elec-
troplating with baths containing MSA, the ancde disintegrates at a faster rate than in conventional baths, and it must
therefore be replaced much sooner than the anaode in an analogous conventional bath. In this specification, the term
“lead anode” is intended to define plating-bath anodes formed of fead or lead alloys commonly containing varying
percentages of tin or antimony, either alone or in combination. .wnh other metals. Such matanals are well known to
those skilled in the art, and as stich form no part of this invention:

In US-A- 4,786,378, we disclosed introducing bismuth, arsenic or antimony ion into the bath with MSA in an attempt
to reduce anode corrosion. Thereafter, in U.S.-A- 4,810,337, describing the use of sulfonic acids in electroplating
processes, we disclosed another treatment of the ancde-corrosion problem described here in connection with the use
of MSA. n that patent, we noted that a heavy scale deposit occurs in plating processes using MSA, and applied a
relatively high voltage across the electrodes prior to the plating precess in order to reduce the obsarved scale buikdup
and concomitant corrosion.

Ancther attempted solution to the problem has been the investigation of materiais which are resistant to attack by
bath compositions containing MSA, For instance, in DE-A- 3 625 187 anodes made of lead containing up 1o about 8%
by weight of antimony or about 1% by weight of palfadium, with or without small amounts of tin, silver and/or selenium
are reported to show “good results® when used in functional chromium electroplating processes carried out at 55°C,
with a cathodic current density in the range of 30 to 32 amperes per square decimeter (as.d.) and an anodic current
density of from 25 to 30 a.s.d.

| have also investigated the effect of the purity of MSA on anode corrosion, on the supposition that lmpurmes
accompanying MSA might be at least a part of the problem. As noted in connection with Table Il hersinbelow, this has
been found not to be the case.

The foregoing publications and experimental work indicate at least in part the magnitude of the effsct of anode
scale and corrosion on plating, and the variety of approaches to its solution. However, until the evaluations leading to
the present invention, workers in the art of chromium plating did not recognize that alkylpolysuifonic acids used as
plating catalysts could both improve plating efficiency and decrease ancde corrosion.

MSA and ESA hava been generically identified as useful additives in plating baths for functional chromium-plating
processes. However, as discussed hereinabove, the relevant references have indicated the problem of severe anodic
corrosion when chromium is functionally electroplated for an extended period of time with lead anodes in plating baths
containing MSA, the industry standard. Significantly, those references (ail 1o suggest or disclose any particutar means
for an economical solution to the problem wuhout sacrmcmg cosl or process afficiency, or the other advantages obtained
using baths containing MSA.
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corrosion-inhibiting amounts of bismuth, arsenic or antimony ions and containing chromic acid and sulphate ion and
said sulphonic additive, which is an alkylsulphonic acid, halogenated alkylsulphonic acid or salt thereof having from
one to three carbon atoms and giving a cathode efficiency of at least 20%.

A composition for securing chromium electraplated from an atch-free, high-efficiancy, plating bath onto a basis-
metal cathode with a lead anode in the substantial absence of corrosion-causing amounts of monosulfonic acids,
comprises chromic acid and sulfate ion in amounts sufficient to obtain the desired deposit of chromium, and at least
one alkylpolysulfonic acid, halogenated atkylpolysuifonic acid, or salt theraof, which acid or salt contains {from one to
three carbon atoms. The process comprises contacting a basis-metal cathode and a lead ancde with a plating bath
consisting essentially of chromic acid and sulfate ion in amounts sufficient to obtain a usetul deposit of chromium, and
at least one alkylpolysulfonic acid, halogenated alkylpolysulfonic acid, or saft thereof, which acid or salt contains trom
one to three carbon atoms, and electrodaepositing chromium at a cathode efficiancy of atleast 20%, at a current density
of from about 11 to about 230 as.d., and at a plating temperature of about 45 to about 70°C for a time sufficient to
obtain a bright, adherent chromium deposit.

In the course of attempting to reduce anode corrosion in chromium-plating processes, it has surprisingly been
discovered that substantial replacement of MSA by certain alkyipolysulfonic acids in chromium electroplating baths for
use with lead anodes dramatically reduces the amount of ancde corrosion without sacrificing plating efficisncy or chro-
mium adherence. Specifically, the use of the alkylpolysulfonic acids or salts thereof enables the production of usetul
chromium-plated items; i.e., those whose characteristics are at least as good as those obtained in the course of high-
efficiency baths of the prior art. '

The benefits of the present invention may be realized by the use in the plating bath of at least one material selected
from the group consisting of alkylpolysulfonic acids containing frorn one to about carbon atoms, halogenated alkyi-
polysulfonic acids, and salts of such acids and halogenated acids, which acids or salts contain from one to three carbon
atoms. Halogenated acids are those containing flurine, chlorine, bromine or iodine bound to a carbon atom; flucrine-
and chlorine-substituted derivatives are preferred. Representative acids and salts include MDSA, mono- and dichloro-
methanedisulfonic acid, 1,1-ethanedisulfonic acid, and monochiore- or 1,2-dichloroethanedisulfonic acid and their
saits, provided that there is no precipitation of chromium or sulfate moieties caused by the addition of the salt. Preferred
cations are chosen from alkali metals. Particularly preferred are sodium and potassium salts. The alkylpolysulfonic
acids or salts have the formula

Rn-[.cn—(SOZOH)y]m

X,

where a and b are independently from 0 to 2, n is from 1 to 3, m and y are independently from 1 to 3, provided that
the total number of suifonic groups in the molecule is not less than 2, X is halogen or oxygen, R is unsubstituted lower
alkyl or substituted lower alkyl, where the substituents on R are halogsn or oxygen, and where hydrogen occupies any
positions otherwise unaccounted for, i.e., to satisfy unfilled valences of carbon or oxygen. Those skilled in the art will
realize that the salts can be formad by the replacement of the labile hydrogen of the sulfonic group by a metai, such
as, e.g., sodium, potassium, or the like. .

As set forth in the formula above, the alkylpolysulfonic acids contain at least two sulfonic acid groups connected
to carbon, and any one carbon atom can have up to three sulfonic acids groups attached thereto.

The polysulfonic acids or salts thersof ara incorporated into a functional chromium-piating bath in substantially
catalytic amounts. Depending upon plating conditions, that amount has been determined to be usuaily from about 0.25
to about 40 grams per liter (g/l), and preterably from about 1 to about 12 g/, of the alkylpolysulfonic acid, halogenated
alkylpoly-sulfonic acid or salt thergof. Particularly ‘prefarred amounts rangs from about 2 to about 8 gl. In a preferred
ambodiment, the aikylpolysuifonic acid is MODSA.

As used in this specification, “excessive corrosion” is that amount of corrosion parceptibly in excess of the corrosion
observed in conventional plating procasses. "Extended" use is the amount of use of a lead ancde in a conventional
systam which leads to detectable corrosion of that anode.

The prasent invention enables a functional chromium electroplating bath which is useful 1o produce bright, adherent
chromium deposits at high efficiencies, but which substantially avoids the excessive anode corrosion which is charac-
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baths, such as. €.g., fume suppressants, brightening agents and the like.

In a preterred embodiment, current density is trom about 50 to about 100 A/dm2. Plating temperature is of from
45 to 70°C. Plating efficiencies of at least 20% are achieved, with values of from about 22 to about 28% being typical
under the described most-praferred conditions.

The functional elactroplating system includes a lead anode, a cathode generally comprising a work-piece for plat-
ing, and the chromium electroplating bath as described above. Typical cathode items include crankshailts, piston rings
and the like. As previously noted, typical ancde materials include substantially pure lead, but are more generally alloys
containing lead in combination with tin, antimeny, tellurium and a variety of other metals, either singly or in combination.
In the nomenclature of the examples herein, a term such as "Pb-7%Sn" is a tin-lead compasition being primarily lead,
and having about 7% tin by waight as the alloying metal. In such compositions, there may further be minor amounts
of other materials present.

The utility of this invention is shown by the following examples, which are illustrative rather than limiting:

Example 1

Accelarated ancde-corrosion tests were conducted using previously weighed Pb-7%Sn anodes in several ditferent
chromium-plating baths as described here:

(a) a conventional chromium-piating bath (chromic-acid:suifate-ion ratio of 100:1);
(b) an analogous bath containing chromic acid, sultate ion and MSA; and
(¢} a bath according to the present invention, containing MDSA as a representative disulfonic acid in place of MSA.

Extended bath usage was simulated by plating at 60°C at an anode current density of 0.5 A/dm?2 for 30 minutes,
followed by 30 minutes of non-piating. This process was conducted for about eight hours and the power turned off
overnight, during which time the bath was allowed to cool. These steps wera repeated for a period of several weeks;
the anodes were accasionally removed, dried, waighed and then re-inserted into the bath. The results are given in

Table i.
TABLE |
Ancde Weight Loss (@)
Electroplating Bath . 600 amp-hrs | 1605 amp-hours
(a) Conventional (250 g/l chromic acid; 2.5 g/ sulfate ion) 13.32 : 37.33
(b) MSA (bath [a] with 3.0 g/ MSA) 16.29 | 41.77
{c) MDSA (bath {a] with 3.2 g/ MDSA/Na salt) 13.41 37.31

It is seen that in bath (c), containing MDSA as set forth herein for use in the process of this invention, ancde
corrosion ramains substantially at the level of a conventional chromium-plating bath (a), whereas bath (b}, with MSA
as the plating-improvemant medium, leads to corrosion at a substantially higher rate. In bath (b), there was evidence
of sarious interfacial attack on the anode, while in tha conventional bath (a) and inventive bath (c), the appearance of
the anode was substantially unaffected by the plating process. The quality of the deposit obtained with the invention
was at least as good as, and possibly scmewhat harder than, the plating achieved with either the conventional com-
mercial plating bath or that containing MSA.

Example 2

in a second type of accelerated test, a measurad direct currant was applied to the Pb-7% Sn anode in bath solutions
deliberately kept low in chromic acid and high in MSA or MDSA. The percentage of current which formed soluble
products (i.e., the percentage of current laading to corrosion) was determined by measuring actual ancde waeight loss
and dividing that value by the weight loss pradicted by Faraday's Law. this calculation assumed that ail weight loss
resulted from the corrosion reaction Pb - Pb(ll). The rasults are presented in Table Il
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TABLE Hl
' Concentration, Moles/Liter

013 1 025
Material _ Current, Percent
Chromic Acid, 100 g/! (control) 061 r 061
70% assay MSA 1.64 ' 3.40
99.9% assay MSA, sample 1 1.72 : 5.79
ESA 229 | 3.81
1-Propanesulfonic acid 3.18 ' 5.76
1-Butanesulfonic acid 6.30 E 5.56
Methanedisulfonic acid disodium salt 0.72 ! 0.79
1,2-Ethanedisulfonic acid sodium acid 0.55 : 0.35
2-Propanesulfonic acid sodium salt 1.90 : 3.87
2-Chlorosulfonic acid sodiumn sait monchydrate 1.85 ' 3.19
2-Ketopropane-1,3-disulfonic acid dipotassium salt 0.51 : -

~ It will be observed from a consideration of the foregoing tablie that the teaching of a sulfur<to-carbon ratio of 1/3 in
U.S.-A- 4,588,481 was in fact overbroad for present purposes. Both the ethane- and propanesulfonic acids, while
adequate plating catalysts falling squarely within the disciosed limits of Chessin et al., aiso promote unacceptable
levels of corrosion in chromium-plating baths.

These resuits also demonstrate that corrosion of the anode in the presence of MDSA is substantially the same as
the conventional bath, whereas the presence of MSA caused substantially increased ancde corrosion.

Utility in accordance with this invention has been found in a replenishment composition for a chromium-plating
bath having chromic acid and at least one alkylpolysulfonic acid, halogenated alkylpolysuifonic acid or sait thereof in
amcunts from about 1 to about 40 g per kilogram (kg) of CrO,, and preferably from about 2 to about 25 g per kg, of
replenishment composition. This composition can be either a solid mixture or a solution. Those skilled in the art will
realize that the chromium can be present as the oxide, the acid or a salt, and that the amount of chromium is calculated
and expressed for convenience as CrO,, irrespective of the exact nature of the chromium-containing material present.

Modifications and improvements to the preferred forms of the invention disclosed and described herein may occur
to those skilled in the art who come to understand the principles and precepts hereof.

Claims

1. Use of an alkylpolysulphonic acid, halogenated alkylpolysulphonic acid, or salt thereof as a sulphonic additive, in
order to keep down the extent of corrosion of a lead anode, —
in a process in which a functional chromium deposit is electroplated onto a basis-metal cathode at a Gurrent
density of at least 30 A/dm?2 and temperature of from 45°C to 70°C using the lead anode in a piating bath tree of
anode corrosion-inhibiting amounts of bismuth, arsenic or antimeny ions and containing chromic acid and sulphate
ion and said suiphonic additive, which is an alkylsulphonic acid, halogenated alkylsuiphonic acid or salt thereof
having from one to three carbon atoms and giving a cathode efficiency of at least 20%.

2. Use according to claim 1 in which the sulphonic additive is selected from

methanedisulphonic acid,
monochlorethane 1,2-disulphonic acid,
dichloroethane 1,2-disulphonic acid,
1,1-ethanedisuiphonic acid,
monochloromethanedisulphonic acid,
dichloromethanedisulphonic acid, and
saits thereof.

3. Use according to claim 2 in which the sulphonic additive is methanedisulphonic acid or salt thereof.




The functional electroplating systemincludes a | ead anode] n’?ﬁf;ﬂb rote
general |y conprising a work-piece for plating, and the chr EMENT SHEET
el ectropl at i ngThicthéet B Bdaskepladted above.  Typi cal cathode i

i ncl ude

crankshafts, pi the |iKke. As previously no e ,2tynuga1
anode materials antially pure |l ead, but are re genera %
all oys containing Tead i I nation th tin, antinony, jte '

variety of other netals, either singly or in conbination. In the

nomencl ature of the exarrpl es hterel N, athREM S such as "Pb-7%8n" 1s a

tin-1ead conpositiomrberng primartyt+ead—and—tayim bout—79 i n by
. . Q ratian, Males/Liter
wei ght as the alloyling netal. In such conpositi an.;,_ihe:-,é_ma?-ie t her be
m nor anounts of otther naterials present. The'Sut i i tY%%of fthis
i nvention is shown [byaédae foll owi ng exanpl es, whi ch areuiPbkasst r dti ve rat her
than limti ng: . Chromic Acid, 100 g// (control) ' 0.61 :' 0.61
' 70% assay MSA ' 1.64 ! 3.40
99.9% assay MSA, sample 1 1.72 : 5.79
ESA 229 3.81
1-Propanesulfonic acid . 3.18 E 5.76
1-Butanesulfonic acid 6.30 ! 5.56
Methanedisulfonic acid disedium sait 0.72 ! 0.79
1,2-Ethanedisulfonic acid sodium acid 0.55 ) 0.35
2-Propanesulfonic acid sodium salt 1.90 : 3.67
2-Chiorosulfonic acid sodium salt monohydrate 1.55 . 3.18
2-Ketopropane-1, 3-disulfonic acid dipotassium salt 0.51 : -

= It will be observed from a consideration of the foregoing table that the teaching of a sulfurto-carbon ratio of 1/3 in
U.S.-A- 4,588,481 was in fact overbroad for present purposes. Both the ethane- and propanesulfonic acids, while
adequate plating catalysts falling squarely within the disclosed limits of Chessin et al., also promote unacceptable
leveis of corrosion in chromium-plating baths.
These results also demonstrale that corrosion of the anode in the presence of MDSA is substantially the same as
the conventional bath, whereas the presence of MSA caused substantially increased anode corrasion.
Utility in accordance with this invention has baen found in a replenishment composition for a chromium-plating
bath having chromic acid and at least one alkylpolysulfonic acid, halogenated atkylpolysulfonic acid or salt thereof in
~ amounts.from about 1 to about 40 g per kilogram (kg) of CrOa, and preferably from about 2 to about 25 g per kg, of
replenishment composition. This composition can be either a solid mixturs or a solution. Those skilled in the art will
realize that the chromium can be present as the oxide, the acid or a salt, and that the amount of chromium is calculated
and expressed for convenience as CrO,, irrespective of the exact nature of the chromium-containing material present.
Modifications and improvements to the preferred forms of the invention disclosed and described herein may occur
to those skilled in the art who come to understand the principles and precepts hereof.

Claims

1. Use of an alkylpolysulphonic acid, halogenated alkylpolysulphonic acid, or salt thereot as.a sulphonic additive, in
order to keep down the extent of corrosion of a lead anode,
in a process in which a functional chromium deposit is electroplated onto a basis-metal cathode ata gurrent
density of at least 30 A/dm? and temperature of from 45°C to 70°C using the lead anode in a plating bath free of
anode corrosion-inhibiting amounts of bismuth, arsenic or antimony ions and containing chromic acid and sulphate
ion and 'said sulphonic ‘additive, which is an alkylsulphonic acid, halogenated alkylsulphonic acid or salt thereof -
"having from one to three carbon atoms and gsvmg a cathode efficiency of at Ieast 20%. : :

2. Use according to claim 1 in which the sulphonic additive is selected from

methanedisulphonic acid,
monochlorethane 1,2-disulphonic acid,
dichioroethane 1,2-disulphonic acid,
1,1-ethanedisuiphonic acid,
monochloromethanedisulphonic acid,
dichloromethanedisulphonic acid, and
salts thareof.

3. Use according to claim 2 in which the sulphonic additive is melhanedisulphonic acid or salt thereof.

\\\\\\\\ \\\\\\\\\\\\\\\\\\\\\\




Exanple 1 - Accel er.at.ed--anede-corrosi on tests were conducted using

'preV| ously wei ghed Pb- 7%Bn anodes |n several different chromumplating
aths as descrlrhieshebtéiaeBeenReplaced (a) a conventional chrom. urﬁﬁBLAEEMEmbgHEET

(chrom c- mmniﬂu m)at e-ion ratjo of 100:1); By —=am

anal‘ogous bat h m c acid, | fate I gn . an
(c) a bath ac to the present invention, : fqg%qggpﬂ n
MDSA as a representative disulfoni c

e |

4. Use according to any one of the preceding claims in which the sait is alkali metal salt.

Use according to any one ol the praceding claims in which the amount of sulphonic acditive 1s from 0.5 to 20 gA.

o

8. Use according to claim 5 in which the amount of suiphonic additive is from 1 to 12 g/l.

7. Use according to any one of the praceding claims in which the temperature is from 50°C to 60°C.

8. Use according to any one of the precading claims in which the current density is from 30 to 100 Aidm?2.
9. Use according to claim 8 in which the current density is from 45 to 90 A/dm2.

10. Use according to any one of the praceding claims in which the amount of chromic acid in the piating bath is from
100 to 450 g/l.

11. Use according to any one of the preceding claims in which the amount of sulphate in the plating bath is irom 1to 5 g/.

[T

§ THIS SHEET HAS BEEN
| REPLACED
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-9- acid in pl ace of IVBA. Ext-ended..hath_usage was

simul ated by plating at ‘.t an anode cyrr ﬁ?aén§wFVHbSPE B3 SG
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process was cond el ght hours and th 4

over ni ght, durldg T2§35$é%293§

repeated for a

PROTECTION OF LEAD-CONTAiNING ANODES DURING
CHROMIUM ELECTROPLATING

Description

This invention is in the field of protecting 1lead
anodes from corrosion during metal-electroplating processes.
More particularly, this invention provides a process and
composition for electroplating chromium, using lead or lead-
containing anodes under conditions which produce adherent,
bring chromium deposits at high efficiencies, where cathodic
low-current-density etching 1is substantially reduced in
comparison with existing high-efficiency”catalyst systems.

Several advantages of certain short-chain alkylsulfonic
acids in chromium electroplating have been described for
both decorative and functional systems. Our US-A-3,745,097
discloses decorative electroplating baths containing
alkylsulfonic or haloalkylsulfonic acids in combination with
certain carboxylic acids to produce bright, iridescent
chromium surfaces on the articles plated. In US-A-
4,588,481, we further disclose functional chromium
electroplating processes which wuse baths containing
alkylsulfonic acids having a ratio of sulfur to carbon of
1/3 or greater, but free of carboxylic acids; the processes
result in hard, adherent chromium deposits produced at
elevated temperatures and high efficiencies without cathodic
low-current-density etching. However, the chromium-plating
baths taught by US-A-4,588,481, while yielding the high-
efficiency plating described in that disclosure, also
resulted in severe problems of scale buildup on, and etching
and corrosion of the anode. The disclosure of U.S.-A-
4,588,481 specifies a variety of sulfonic acids, including
methane-sulfonic aicd (MSA), ethane-sulfonic acid (ESA),
methanedisulfonic acid (MDSA) and 1,2-ethanedisulfonic acid




anodes were occasionally renoved, dried, weighed and then re-inserted into
‘the bath. The results are given in Table 1

TABLE 1 Anode Wi ght Loss (0)| geecinLont-atrma—HBat h
600 anp-hrs 1605 anp-hours (a) Conventional (250 g/l RACEMENT SHEET g/ |
sul fate ion) 13.32 37.33 (b) MSA (bath [a] with 3 O g/l MSA)

16. 29 41.77 (c) MDSA (bath [a] with 3.2 g/| NMDSA/ S22 §EP1 1
37.31 It is seen that in bath 4c¢), containing SA as set tofth
herein for use in the process of this invention, anode corrosromr—Trenailns
substantially at the level of a conventional chramumplating bat$

(a),

O-.

wher e th (b), .
ESDQE). (Géneraly for economic reasons, MSA has become the
agent of choice in a number of commercial embodiments for
chromium plating which have appeared in the marketplace,

even though severe scale buildup and anodic corrosion are
encounted.

As noted hereinabove, when chromium-plating processes
using MSA have been installed and utilized commercially,
difficulty has arisen in functional plating using lead or
conventional lead-alloy anodes; investigation into the
matter of anode corrosion subsequent to the issuance of
U.S.-A-4,588,481 has revealed that MSA in the plating baths
generally causes the excessive corrosion of those anodes
after extended operation, relative to the corrosion observed
in conventional plating processes.

"Conventional plating processes" or ‘"conventional
baths" are herein defined as those which are conducted with
a plating bath consisting of chromic acid and sulfate ion as
the essential ingredients, the sulfate ion generally being
provided by sulfuric acid or sodium sulfate, although those
are not limiting sources, the requirement being solely that
a soluble sulfate be provided. It has been found that as a
lead anode is used repeatedly in functional chromium
electroplating with baths containing MSA, the anode
disintegrates at a faster rate than in conventional baths,
and it must therefore be replaced much sooner than the anode
in an analogous conventional bath. In this specification,
the term "lead anode" is intended to define plating-bath
anodes formed of lead or lead alloys commonly containing
varying percentages of tin or antimony, either alone or in
combination with other metals. Such materials are well

known to those skilled in the art, and as such form no part
of this invention.



with, MSA as the plating-inprovenent nedium |eads to corrosion at a

substantially higher rate. In bath (b), there was evi ¢&f —SerTous
interfacial attack on the anode, while in the conventioréﬁgﬁéﬁﬁwkyy HIETt

i nventive bath (c), the appearance of the anode was subgtgntially

unaffected by the plating process. The quality of theldepgsptsEtigege
with the invention was at | east as good as, and possibly g$onmewhat harde
than, the plating achieved with either3the convetional ¢ommercrat—ptat+hg
bat h or that containing MSA. Exampl e 2

e

In US-A-4,786,378, we disclosed introducing bismuth,
arsenic or antimony ion into the bath with MSA in an attempt
to reduce anode corrosion. Thereafter, in U.S.-A-4,810,337,
describing the use of sulfonic acids in electroplating
processes, we disclosed another treatment of the anode-
corrosion problem described here in connection with the use
of MSA. In that patent, we noted that a heavy scale
deposit occurs in plating processes using MSA, and applied
a relatively high voltage across the electrodes prior to the
plating process in order to reduce the observed scale
buildup and concomitant corrosion.

Another attempted solution to the problem has been the
investigation of materials which are resistant to attack by
bath compositions containing MSA. For instance, in DE-A-3
625 187 anodes made of lead containing up to about 9% by
weight of antimony or about 1% by weight of palladium, with
or without small amounts of tin, silver and/or selenium are
reported to show "good results" when used in functional
chromium electroplating processes carried out at 55°C, with
a cathodic current density in the range of 30 to 32 amperes

per square decimeter (as.d.) and an anodic current density
of from 25 to 30 a.s.d.

I have also investigated the effect of the purity of
MSA on anode corrosion, on the supposition that impurities
accompanying MSA might be at least a part of the problem.

As noted in connection with Table II hereinbelow, this has
been found not to be the case.

The foregoing publications and experimental work
indicate at least in part the magnitude of the effect of
anode scale and corrosion on plating, and the variety of
approaches to its solution. However, until the evaluations
leading to the present invention, workers in the art of

—




10 . In a second type of accelerated test, a neasured direct current
‘'was applied to the Pb-7%Bn anode in bath solutions deliberately kept lowin

chrom ¢ acid and hi.gh in MSA or NDSA. the percentage f y h
formed soluble products (i.e., the percentage of current |§§§1i.4{-{§ﬁ1 @T Mﬁ
corrosion) was determ ned by nmeasuring actual anode wei ght} ljoss and
di viding that value by the weight |oss predicted by Faradgy'|s 2.8EP M998
cal cul ation assuned that all weight 4o6s-resulted fromthg dorrosion
reaction Pb [err] Pb(Il). The results are presented in bre11"

chromium plating did not recognize that alkylpolysulfonic
acids used as plating catalysts could both improve plating
efficiency and decrease anode corrosion.

MSA and ESA have been generically identified as useful
additives in plating baths for functional chromium-plating
processes. However, as discussed hereinabove, the relevant
references have indicated the problem of severe anodic
corrosion when chromium is functionally electroplated for an
extended period of time with lead anodes in plating baths
containing MSA, the industry standard. Significantly, those
references fail to suggest or disclose any particular means
for an economical solution to the problem without
sacrificing cost or process efficiency, or the other
advantages obtained using baths containing MSA.

The present invention provides the wuse of an
alkylpolysulphonic acid, halogenated alkylpolysulphonic
acid, or salt thereof as a sulphonic additive, in order to.
keep down the extent of corrosion of a lead ancde,

in a process in which a functional chromium deposit is
electroplated onto a basis-metal cathode at a current
density of at least 30 A/dm® and temperature of from 45°C to
70°C using the lead anode in plating bath free of anode
corrosion-inhibiting amounts of bismuth, arsenic or antimony
ions and containing chromic acid and sulphate ion and said
sulphonic additive, which is an alkylsulvhonic acid,
halogenated alkvlsulvhonic acid or salt thereof having from

one to three carbon atoms and giving a cathode’efficiency of
at least 20%.

A composition for securing chromium electroplated from
an etch-free, high-efficiency, plating bath onto a basis-
metal cathode with a lead anode in the substantial absence

of corrosion-causing amounts of monosulfonic acids,



TABLE || Conc dnRERLAGEMENT SHEE
‘Mol es/ Liter

Mat eri al Current Petc ,
100 g/l (control) 0.61 0.61 701 assay

1.64 3.40 99.9% assay MSA, sanple 1 - 5.79
ESA 2.29  3.841 -

1- Propanesul fonic acid ' -5 - 3.18 5. :
1- But anesul foni ¢ aci d 6. 30 5.56

Met hanedi sul foni ¢ acid di sodi um salt 0.72 0.79

1, 2- Et hanedi sul foni ¢ .aci d, sodi, aci d 0. 55, 0. 35 L
2- Pr opanesSTRnt 32 S FRF LU Ghichppd sulfate joggin amoungs suEE G| f oni ¢
aci d sodi wms setbtaimnohy ded tred . ddposit ol hibddatmwpraaphng: Ledtdicd f oni c
acid dipOtgf@§ﬂ83f§£&lfgn§g acid, halogenated alkylpolysulfonic acid,
or salt thereof, which acid or salt contains from one to
three carbon atoms. The process comprises contacting a
basis-metal cathode and a lead anode with a plating bath
consisting essentially of chromic acid and sulfate ion in
amounts sufficient to obtain a useful deposit of chromium,
and at least one alkylpolysulfonic acid, halogenated
alkylpolysulfonic acid, or salt thereof, which acid or salt
contains from one to three. carbon atoms, and
electrodepositing chromium at a cathode efficiency of at
least 20%, at.a current density of from about 11 to about
230 as.d., and ag a”plating temperature of about 45 to about
70°C for a time sufficient to obtain a bright, adherent
chromium deposit.

In the course of attempting to reduce anode corrosion
in chromium-plating processes, it has surprisingly been
discovered that substantial replacement of MSA by certain
alkylpolysulfonic acids in chromium electroplating baths for
use with lead anodes dramatically reduces the amount of

anode corrosion without sacrificing plating efficiency or

chromium adherence. Specifically, the wuse ©o©of the
alkylpolysulfonic acids or salts thereof enables the
production of useful chromium-plated items; i.e., those

whose characteristics are at least as good as those obtained
in the course of high-efficiency baths of the prior art.

The benefits of the present invention may be realized
by the use in the plating bath of at least one material
selected from the group consisting of alkylpolysulfonic
acids containing from one to three carbon atoms, halogenated
alkylpolysulfonic acids, and salts of such acids and
halogenated acids, which acids or salts contain from one to



It will be observed froma consideration of the foregoing table that the
‘teaching of a sulfur-to-carbon ratio of 1/3 in U S.-A-4,588,481 was in f

over broad for present purposes. Both the ethane- and j ONSWEET
acids, while adequate plating catalysts falling squarely EE%FWM@,‘?FB}E

disclosed limts of Chessin et al., also pronote unacceptialll e | evel s of
corrosion in chromumpl ating baths. These resul tls jal 8@ SERDN8r 3t ¢
t hat corrosion of the anode in the -preesence of MDSA is sjubstantial ly the

sane as the conventional bath, whereas the presence of A—caused
substantially increased anode corrosion.

three carbon atoms. Halogenated acids are those contining
fluorine, chlorine, bromine or iodine bound to a carbon

atom; fluorine- and chlorine-substituted derivatives are

preferred. Representative acids and salts include MDSA,
mono- and dichloro-methanedisulfonic acid, 1, 1-
ethanedisulfonic acid, and monochloro- or 1,2-

dichloroethanedisulfonic acid and their salts, provided that
there is no precipitation of chromium or sulfate moieties
caused by the addition of the salt. Preferred cations are
chosen from alkali metals. Particularly prefered are sodium

and potassium salts. The alkylpolysulfonic acids or salts
have the formula

R"’ [lCn- (SOon) Y] m

)
X

where a and b are independently from 0 to 2, n is from 1 to
3, m and y are independently from 1 to 3, provided that the
total number of sulfonic groups in the molecule is not less
than 2, X is halogen or oxygen, R is unsubstituted lower
alkyl or substituted lower’alkyl, where the substituents on
R are halogen or oxygen, and where hydrogen occupies any
positions otherwise unaccounted for, i.e., to satisfy
unfilled valences of carbon or oxygen. Those skilled in the
art will realize that the salts can be formed by the
replacement of the labile hydrogen of the sulfonic group by
a metal, such as, e.g., sodium, potassium, or the like.

As get forth in the formula above, the
alkylpolysulfonic acids contain at least two sulfonic acid
groups connected to carbon, and any one carbon atom can have
up to three sulfonic acids groups attached thereto.

The  polysulfonic acids or salts thereof are

incorporated into a functional chromium-plating bath in
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and at | east one al kyl pol ysul fonic acid, hal ogenated al
or salt thereof in amounts fromabout 1 to about 40 g p
CrJerr], and preferably from about 2 to about 25 g per
repl eni shnent conposition. This conposition can be eithef a solid mxtur

or a solution. Those skilled in the art-

substantially catalytic amounts. Depending upon plating
conditions, that amount has been determined to be usually
from about 0.25 to about 40 grams per liter (g/l), and
preferably from about 1 to about 12 g/l, of the
alkylpolysulfonic acid, halogenated alkylpoly-sulfonic acid
or salt thereof. Particularly preferred amounts range from

about 2 to about 8 g/l. In a prefered embodiment, the
alkylpolysulfonic acid is MDSA.

As ugsed in this specification, "excessive corrosion" is
that amount of corrosion perceptibly in excess of the
corrosion observed in conventional plating processes.
"Extended" use is the amount of use of a lead anode in a

conventional system which leads to detectable corrosion of
that anode.

The present invention enables a funcational chromium
electroplating bath which is useful to produce bright,
adherent chromium deposits at hiéh efficiencies, but which
substantially avoides the excessive anode corrosion which is
characteristic of industrial baths containing MSA.

Useful chromic acid amounts range f£rom about 100 to
about 450 g/l. preferred ranges being from about 200 to
about 300 g/l. Sulfate ion is incorporated in amounts
ranging from about 1 to about 5 g/l, and preferably ranging
from about 1.5 to about 3.5 g/l.

The electroplating baths may include other ingredients
which do not substantially affect process efficiency,
chromium adherence or brightness in a negative manner. Such
additives may be incorporated to improve handling of the

baths, such as, e.g., fume suppressants, brightening agents'
and the like.



will realize that the chrom um can be present as the oxide, the acid or a

salt, and that the anount of chromiumis calculated and XPTE T ol
conveni ence as O(Jerr], irrespective of the exact nat réﬁ8¥§§§%$NT gHEET
chrom um contai ning material present. Modi fi cations| and i nprovenentts
to the preferred forms of the invention disclosed and descyipegd HhgEP 1998a
occur to those skilled in the art who cone to understand the} principles and
precepts hereof. - 8 -

In a preferred embodiment, current density is from
about 50 to about 100 A/dm®’. Plating temperature is of from
45 to 70°cC. Plating efficiencies of at least 20% are
achieved, with values of from about 22 to about 28% being

typical under the described most-preferred conditions.

The functiocnal electroplating system includes a lead
anode, a cathode generally comprising a work-piece for
plating, and the chromium electroplating bath as described
above. Typical cathode items include crankshafts, piston
rings and the like. As previously noted, typical anode
materials include substantially pure lead, but are more
generally alloys containing lead in combination with tin,
antimony, tellurium and a variety of other metals, either
singly or in combination. In the nomenclature of the
examples hterein, a term such as "Pb-7%Sn" is a tin-lead
composition being primarily lead, and having about 7% tin by
weight as the alloying metal. 1In such compositions, there
may further be minor amounts of other materials present.

The utility of this invention is shown by the following
examples, which are illustrative rather than limiting:

Example 1

Accelerated anode-corrosion tests were conducted using
previously weighed Pb-7%Sn anodes in several different
chromium-plating baths as described here:

(a) a conventional chromium-plating bath (chromic-
acid: sulfate-ion ratioc of 100:1);

(b) an analogous bath containing chromic acid, sulfate
ion and MSA; and

{c) a bath according to the present invention,

containing MDSA as a representative disulfonic
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al kyl pol ysul phoni ¢ aci d, hal ogenat ed al kyl poly

salt thereof as a sul phonic additive, in order tol kKedp ottt
of corrosion of a | ead anode, in a procésg 1 n which

functional chrom um deposit is electroplated ontoja bagﬂsﬁﬁ%t

cat hode at

a current density of at least 30 Aldnfer apd t enpe

of from 45[err]Cto 70[err]C using the. lead anode.in al plett1ig

free of anode corrosion-inhibiting anounts of bi s
antinony ions and contai ning

acid in place of MSA.

Extended bath usage was simulated by plating at 60°C at
an anode current density of 0.5 A/dm* for 30 minutes,
followed by 30 minutes of non-plating. This process was
conducted for about eight hours and the power turned off
overnight, during which time the bath was allowed to cool.
These steps were repeated for a period of several weeks; the
anocdes were occasionally removed, dried, weighed and then

re-inserted into the bath. The results are given in Table
1.

TABLE 1

Anode Weight Loss (g}

Electroplating Bath 600 amp-hrs : 1605 amp-hours
L

{a) Conventional (250 g/l chromic acid; 2.5 g/l sulfate ion) 13.32 : 37.33
(b) MSA (bath {a] with 3.0 g/1 Msa) 16.29 1 41.77
-{c) MDSA (bath (al with 3.2 g/l MDSA/Na salt) 13.41 ! 37.31

It is seen that in bath (¢), containing MDSA as set
forth herein for use in the process of this invention, anode
corrosion remains substantially at .the level of a
conventional chromium-plating bath (a), whereas bath (b),
with MSA as the plating-improvement wmedium, leads to
corrosion at a substantially higher rate. In bath (b),
there was evidence of serious interfacial attack on the
anode, while in the conventional bath (a) and the inventive
bath (c¢), the appearance of the anode was substantially
unaffected by the plating process. The quality of the
deposit obtained with the invention was at least as good as,
and possibly somewhat harder than, the plating achieved with

either the convetional commercial platihg bath or that
containing MSA.

Example 2




chrom c acid and sul phate ion and said sul phonic additive, which is an
‘al kyl suphoni ¢ aci d, hal ogenat ed al kyl sul phoni ¢ aci Cde-—sai-t

g ot CIic| CUI
having fromone to three carbon atoms and giving a i REFCACENENT, 5“%&1@
of at | east 20% 2. Use according toclaim 1jifrwnhrch the
sul phoni c additive is selected from met hapedi hgggacl d,
nmonochl or et hane 1, 2-di sul phoni c aci d, di chl or opt 1a?zé 8Ewm
1, 2-di sul phoni c acid, 1, 1-ettlvaredi sul phoni c ac|d
nmonochl or omet hanedi sul phoni c acid, - di chl or onet hanedi sul phoni c
acid, and salts thereof 3. Use according to—ttarm™m Z in
which the sul phonic additive i s nethanedi sul phonic acid or salt
t her eof . In a second type of accelerated test, a measured direct

current was applied to the Pb-7%Sn anode in bath solutions
deliberately kept low in chromic acid and high in MSA or
MDSA. the percentage of current which formed soluble
products (i.e., the percentage of current 1leading to
corrosion) was determined by measuring actual anode weight
loss and dividing that value by the weight loss predicted by
Faraday’s Law, this calculation assumed that all weight loss
resulted from the corrosion reaction Pb - Pb(II). The
results are presented in Table II. .

TABLE II
Concentration, Moles/Liter

0.13 ! 0.25
Material Current Percent
Chromic Aecid, 100 g/l (control) 0.61 0.61
70% assay MSA 1.64 3.40
99.9% assay MSA, sample 1 1.72 5.79
ESA . 2.29 3.81
1-Propanesulfonic acid 3.18 5.76
1-Butanesulfonic acid 6§.30 5.56
Methanedisulfonic acid disodium salt Q.72 9.79
1,2-Bthanedisulfonic acid sodium acid 0.55 0.35
2-Propanesulfonic acid sodium salt 1.90 3.67
2-Chlorosulfonic acid sodium salt monohydrate 1.55 3.19
2-Ketopropane-1l, 3-disulfonic acid dipotassium salt 0.51 -~-

It will be observed from a consideration of the
foregoing table that the teaching of a sulfur-to-carbon
ratio of 1/3 in U.S.-A-4,588,481 was in fact overbroad for
present purposes. Both the ethane- and propanesulfonic
acids, while adequate plating catalysts falling squarely
within the disclosed limits of Chessin et al., also promote
unacceptable levels of corrosion in chromium-plating baths.

These results also demonstrate that corrosion of the
anode in the presence of MDSA is substantially the same as
the converitional bath, whereéas the presence of MSA caused
substantiaily increased anode corrosion.



4. Use according to any one of the preceding clains in whi ch the salt
is alkali netal salt. 5. Use according to any one of tfh rﬁww% ~—
clains in whi ch the anount of sul phonic additive is fir : ~Hf:f

20 g/l . -
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Utility in accordance with this invention has been
found in a replenishment composition for a chromium-plating
bath having chromic acid and at least one alkylpolysulfonic
acid, halogenated alkylpolysulfonic acid or salt thereof in
amounts from about 1 to about 40 g per kilogram (kg) of CrO,,
and preferably from about 2 to about 25 g per kg, of
replenishment composition. This composition can be either
a solid mixture or a solution. Those skilled in the art
will realize that the chromium can be present as the oxide,
the acid or a salt, and that the amount of chromium is
calculated and expressed for convenience as CroO,,
irrespective of the exact nature of the chromium-containing
material present.

Modifications and improvements to the preferred forms
of the invention disclosed and described herein may occur to
those skilled in the art who come to understand the
principles and precepts hereof.



6. Use according to claim5 in which the amount of sul phoni c
‘additive is from1l to 12 g/l. 7. Use according to any one of the
pr ecedi ng clainB in which the tenperature is fromb50[err]J]Cto
60[err] C B. "~ Use according to any one of the precedlng,clalns in
which the current density is from30 to 100 A/dnferr]. Q.o s

to claim8 in which the current density Is from45it
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Claims

1. Use of an alkylpolysulphonic acid, halogenated
alkylpolysulphonic acid, or salt thereof as a sulphonic
additive, in order to keep down the extent of corrosion
of a lead anode,

in a process in which a functional chromium
deposit is electroplated onto a basis-metal cathode at
a current density of at least 30 A/dm® and temperature
of from 45°C to _70°C using the. lead anode.in a plating
bath free of anode corrosion-inhibiting amounts of
bismuth, arsenic or antimony ions and containing
chromic acid and sulphate ion and said sulphonic
additive, which is an alkylsuphonic acid, halogenated
alkylsulphonic acid or salt thereof having from one to

three carbon atoms and giving a cathode efficiency of
at least 20%.

2. Use according to claim 1 in which the sulphonic
additive is selected from

methanedisulphonic acid,
monochlorethane 1,2-disulphonic acid,
dichloroethane 1,2-disulphonic acid,
1,1l-ethanedisulphonic acid,
monochloromethanedisulphonic acid,
dichloromethanedisulphonic acid, and
salts thereof

3. Use according to claim 2 in which the sulphonic
additive is methanedisulphonic acid or salt thereof.

4. Use according to any one of the preceding claims in
which the salt is alkali metal salt.

5. Use according to any one of the preceding claims in
which the amount of sulphonic additive is from 0.5 to

o



10. Use according to any one of the preceding clains in whi ch the

~anpunt of chromc acid in the plating bath is from 108-+6-450-g/ 17"
11. Use according to any one of the preceding clainms in | RtFudiEh:t he-="
anount of sulphate in the plating bath is from1l to}5ygrt. -
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6. Use according to claim 5 in which the amount of

sulphonic additive is from 1 to 12 g/l.

7. Use according to any one of the preceding claims in
which the temperature is from 50°C to 60°C.

8. Use according to any one of the preceding claims in
which the current density is from 30 to 100 A/dm®.

9. Use according to claim 8 in which the current density
is from 45 to 90 A/dm?.

10. Use according to any one of the preceding claims in
which the amount of chromic acid in the plating bath is
from 100 to 450 g/1l.

1l1. Use according to any one of the preceding claims in
which the amount of sulphate in the plating bath is
from 1 to 5 g/l.

T
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PROTECTION OF LEAD-CONTAINING ANODES DURING
CHROMIUM ELECTROPLATING

ABSTRACT

The present invention ©provides a process for
electroplating chromium using lead anodes while achieving
the advantages of using methanesulfonic acid without
suffering... the excessive anode-corrosion characteristics
associated with that acid. Accordingly, chromium is
electrodeposited from a bath containing chromic acid,
sulfate and an alkylpolysulfonic acid containing from one to
about three carbon atoms. . The invention also provides a
plating process chromium electrodeposition, a plating bath
for use in the inventive process, and a replenishment
composition for existing plating baths.




