REDUCI NG TIN SLUDGE IN ACID TIN PLATING . Technical Field The @¥3§bﬁ -
invention relates to el ectroplating solutions and associ ated net hods for i ‘
reduci ng the anmount of oxidation of stanrods tin ions in an el ectropl ating

sol utions containing sane.  Background Art El ectropl ati ng bat hs
cont ai ni ng di val ent t REDAJGIN : B nIN nAICER r PIN oPLATANGNng tin and/ or

tin alloys onto basis netals. These baths are acidic and are nmainly based

on acids such as sul furic, phenol sul phonic, fluoboric, methane sulfonic, or

a conbi nat i dBegiinkoaloFaedd ¢ and hydrofluoric. In all of these baths, a

comon probl em haghhegpekBatf AhRRNEIBOrel atlddid® EidderSPRiBingn t hat
results in a |loss, of divalent ti,n and excessive cl eaé1-$ﬁii0€lg ._This, sl udge
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occurs becaldRIUblPRfigande ageRcinkes: seddedsyifey &Hrdy %.?Qﬁﬁ@ﬁcy to

become oxi digedokDaselibavalfestannbuly tf datisoimtan hel ediocep Dat byg oxygen
which is |ntrqguced into the hath fromthe surrounding air. Tetravalent tin
thus becomesSYUREHPRSsCIRNAINILIY SHCech accunul ates in the bath to

eventual ly form[err] stannic acid which is not soluble and which
precipitates,to formith ndesirabl e sludge. In order to prevent the
formation O?B Jeafodh gf% in must remain in the divalent state. When
plating tin fromEhestreplatings baths sontpigtiew distakenhseinbiee anodes,
t.he problem,| hRhi,edne I S 414 th
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i nsol ubl e anodes to | er _oxi Vv nt tirnteo its tetraval enf state.
U S. Patent ®tosbasisspetadseri Bhesg paddssarea s APd13Fp B1ERlY using
i nsol ubl e angglesqadd aciBEhedchOhs! aRhgirSk, NpHdrib1fAMMSMc)in is

repl eni shed i n thes | ati ng i nstall at,i ons by separately dissolvin
p.: .fluoborfc? methgne sulfonic,'or'%.cg%binat on og g

hydrochloric and hydrofluoric. In all of these baths, a
common problem has been the formation of a sludge during
operation that-resultsyin a loss of divalent tin and
excessive clean-up costs. This sludge occurs because,
~during the plating process, divalent tin has a tendency
to become oxidized to tetravalent tin by oxidation at the
anode or by ongen which is introduced into the bath from
the surrounding air. Tetravalent tin thus becomes
soluble stannic acid which accumulates in the bath to
eventually form 8 stannic acid which is not soluble and
which precipitates to form the undesirable sludge. ‘'In
order to prevent the formation of this sludge, tin must
remain in the divalent state. _ .

When plating tin from these solutions onto strip
steel using insoluble anodes, the problem is multipliéd
even further. Oxygen is liberated at these insoluble
anodes to further oxidize divalent tin to its tetravalent
state. U.S. Patent No. 4,181,580 describes a process for
plating strip steel using insoluble anodes and a method
for repleﬂishing tin. Divalent tin is replenished in |
these plating inStallations by separately dissolving

‘metallic tin granules in a fluidized bed of acidic
‘plating bath into which oxygen is fed to dissolve the

0601351-14 o



*

metallic tin granules in a fluidized bed of acidic plating bath into which
oxygen is fed to dissolve the nmetallic tin. The tin enriched
solution is returned to the plating bath 4 hereby replenishing the tin which
has been pl ated out.-Excess oxygen in the tin, dissolving cell described in
this patent can also react with divalent tin to formtetravalent tin; '
therefore, tmet#®lhidcnginachithestbh ehrichepe salatpban iiculmturmadjtirt to
formati on of_tin sludge. I n rmal_plati i l &t ] : 1Si sol ubl e
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accel er at es?%iefoéé%%??%%&o Hd?(’/g?ehfg{:teﬁgogght ﬁgs(?i I{;eeér?ttmmlcdgpi,s present in
the air. Thedivabiept pebhl bm farnctefravrilend $dme nefar&mdliftin plating

i nstal | ati ong) at SnyohsERERes ok GhisPe9RePbid Rartitdlddly Hihjatd ¢
further worsened Ih strip steel machines that use insoluble anodes and tin
di ssol vi ng ckpymation ofit ¥tRpEludd@e been made in the art to nininize

sludge formati on 1R AbeRE1LdbYateny LhBtRalATiohsPaREMdsolublariddes
entitled "Oxidatio Caarac eris{:i s _of I n- Rlatin rI%I cetroé tes, " whi ch .
appeared i n 12 SHy° 96’6°‘%s§‘% ?ﬁc:lﬁ‘atl h& ﬁ&@‘?ﬂeng) RS RS udies of
tin oxidati anihimbzéddl i nBowaygep when rapidupunpinsplafl ithes sdlBidmt ent
ludge us: ngtaI BTa Tkl spb88 BI8yTRY AEtrdds,c'uld Hht e Be L 1D
reduci ng agesmbsbantihal oxndants of pirvéntoa the haih Gcaqlfratqs the
o e E LR MR G Mo i ey ot
| nstitute apbeakth@gair. The sludge problem therefore exists somewhat
in normal tin plating installations, is worsened in high
speed plating installations, and is further worsened in
strip steel machines that use insoluble anodes and tin
dissolving cells.
Attempts have been made in the art to minimize
- sludge formation in these divalent tin baths. A paper by
J. McCarthy entitled "Oxidation Characteristics of Tin-
Plating Electrolytes," which appeared in the July 1960
issue of Plating magazine, discussed studies of tin
oxidation by bubbling oxygen into various tin solutions.
U.S. Patent Nos. 5,094,726 and 5,066,367 disclose methods
and solutions for limiting sludge using alkyl sulfonic
acid based tin solutions in combination with reducing
agents or antioxidants to prevent a buildup of tintt.
Dihydroxybenzene reducing agents were disclosed to be
very effective for this purpose. A recent paper by Chi
Pong Ho of the Nanfang Metallurgical Institute appearing
in Vol. 24 #1 of Materials Protection (January 1991)
describes the use of-reducing agents based on vanadium
pentoxide in divalent tin sulfate-sulfuric acid solutions
to limit sludge formation.
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in Vol. 24 #1 of Materials Protection (January 1991) describes the use of
reduci ng agents based on vanadi um pentoxide in divalent tin

sul fate-sul furic acid solutions to limit $ludge formation.

- 3- Tin plating onto steel strip using acid solutions also results
in a continual build-up of iron in the plating bath. The iron content can
continue to buiIdTmﬂtbhathagc@m&@n&m@éﬂMQﬁnmpﬂuging;ddtﬁlsslwbbmms30 gll.
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sol ubl'e Conpgﬂﬂﬂary of the Invention

The present invention relates to a solution for use
in the electroplating of tin and tin alloys comprising a
basis solution which includes fluoboric acid or an
organic sulfonic acid or one of their salts, divalent tin
ions, and an antioxidant compound which includes a
transition metal selected from the elements of Group IV
B, VB or VI B of the Periodic Table in an amount
effective to assist in maintaining the tin ions in the
divalent state.

The preferred transition metals of the antioxidant
compound include vanadium, niobium, tantalum, titanium,
zirconium or tungsten, and the preferred amount of
antioxidant compound ranges from about 0.025 to 5 g/l.
Generally, the antioxidant compound is added to the
solution as an oxide or a solution soluble compound.

These antioxidant compounds are highly effective
when used in a basis solution which comprises an alkane
sulfonic acid; an alkanol sulfonic acid, an alkane
sﬁlfonate, an alkanol sulfonate, fluoboric acid, a
fluoborate, phenol sulfonic acid or a phenol sulfonate.
If desired, these solutions may also contain at least one
or more of a wetting agent, a brightener, or divalent
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These anti oxi dant conpounds are highly effective when used in a basis

sol ution which conprises an al kane sul fonic acid, an al kanol sul fonic acid,
an al kane sul fonate, an al kanol sulfonate, fluoboric acid, a fluoborate,
phenol sulfonic acid or a phenol sulfonate. If desired, these solutions may
al so contain at |east one or nore of a wetting agent, a brightener, or

di val ent lead ions to improve or enhance €lecth@3dtdiry L0 I nprove or
enhance electroglatlng performance or the resultant depaosit,

char act er i stP@&tormancenher| fhenresHlipng Aeposdd charaaherdstiss-
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into dival erelechreplating| sejublirps whighk postadmst ¢divalantd timting bat hs
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particularly true |n hi spee ating,installations that pu e

sol ution rapﬁ%lf?c?b"%r?)gi %I%gésﬁi SH EG?’?‘&PFEH"Hat & ﬁé‘bﬂf’ﬁ%t‘gdﬂ’c‘? ng air
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very 5'9“'f'éfi%tr&SiééfHé?éé¥u£Eon which contains iron ion

contamination.

Detailed Description of the Invention
It has been found that the addition of certain

multivalent metal compounds into divalent tin or tin
alloy alkyl or alkylol sulfonic acid plating baths

.» results in a substantially reduced rate of tin sludge
formation. This is particularly true in high speed
plating installations that pump the solution rapidly to
provide a high agitation rate thereby introducing air
into the plating bath. The improvement caused by the
above combination is very significant, particularly in
those installations that use insoluble anodes and a tin
metal dissolving cell. The multivalent compounds that
are effective are those based on the elements of

groups IV B, V B, and VI B in the Periodic Table of the

Elements.

The preferred metal compounds are those that are
readily soluble in the plating bath, are relatively
inexpensive, and readily available in commercial
quantities. Typical of the preferred compounds are those
of vanadium whose valences are 5%, 4%, 3%, and 2%*. Any
vanadium compound can be used provided it can form the
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celi. The nultival ent conmpounds that are effective are those based on the
el ements of groups IV B, V B, and VI B tn®the Periodic Table of the
El ements. - The preferred nmetal conpounds are those that are readlly
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soluble in the basis solution. The desired alloying
metals can be added in any form which is soluble in or

. compatible with the basis solution. When sulfonic acids
are used, the metals are preferably added in the form of
sulfonate or sulfonic acid salts.

The acids which can be used in the invention are
mentioned above and illustrated in the following
examples. Alkane sulfonic acids containing 1-7 carbon
atoms, alkylol sulfonic acids containing 1-7 carbon.
atoms, aromatic sulfonic acids, such as phenol sulfonic
acid, or fluoboric acids, alone or in combination, are
suitable for use as the basis solution. Methane sulfonic
acid, "Ferrostan" (i.e., phenol sulfonic acid) and
fluoboric acid are the most preferred. Salts or other
derivatives of these acids can also be used, provided
that the solution is sufficiently acidic and can retain
all necessary components in solution. The pH range of
these solutions will generally -be less than 5, preferably
2-3 or 1less.

_ Any of a wide variety of surfactants can be included
in the electroplating solutions of the invention. Since



atons, al kylol sulfonic acids containing 1-7 carbon. atons, aromatic

sul fonic acids, such as phenol sulfonic acid, or fluoboric acids, alone or
i n conmbination, are suitable for use as- téhe- basis sol uti on. Methane

sul fonic acid, "Ferrostan" (i.e., phenol sulfonic acid) and fluoboric acid
are the nost preferred Salts or other derivatives of these acids can al so
be used, prowcee®of Hehet adestradepasitsedytineiisnaogorpldishes #sd9 ret ai n
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generally be less than 5, Ere era

variety of RFSERIEAsteaN belFﬁcWﬁgEangnaﬁﬁQ IéEiﬁ&ﬁﬁ%ﬁﬁﬁ?ﬁﬁﬁurf%hs of
the inventi Gire $WSStantially non-foaming. Typical surfactambtshodf the

el ectrodeposited tin is a I d
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I's type can be foun t ent 4,994,155, th

di scl osures %ﬂcﬁfﬁ%ﬁag?éngﬁﬁ?égs ¥y fﬁ FSBF&tg%eﬁergﬂn by referencg

thereto. Whewhén ghighespeelicel eoprapilading st nedc aesessarany asfy t he

wetting ageris Ghospblethanigefslod kel elbRdfl Landemsed. O

those surfacta Int materials are preferred. In
addi tion, tHe B®)124éneanf b@héseﬂvenﬂfoﬁh@éﬁ @b‘ﬁtfé’rﬂaé?q%htt@?e@gneéﬂ/el i ng

agents or arﬁ/l&l@%oﬁﬂé'ﬁrhiﬁéﬁéiﬂcﬂrés %&e&trréaqorrrz@ummnoagetmi&ehyde)
whi ch are known to those gers ons ski ed in t art .tq i ove the
per f or mance $R1uktoRs et BPa%PH@nEFBE‘é?nOFQ'%@ r%’ &F° +t he

resul ting elepsfspiRosybntdher’ 24¢ péhent aaale)we@ssdsudmw nirsatueth heer ei n
for its disclosure of such sg ig # ? t her drtr%es o The -
amounts of t‘T'fE‘%l%méﬁ‘S?a‘BFaﬁFg Br-96 XQF aﬁg‘rlf’g‘\/ 3@%& & 88  and
opti num anoyéssehs| skalyedepanthagart to improve the performance of
the electroplating process or the properties of the
resulting electrodeposit. The '244 patent is expressly
incorporated herein for its disclosure of such
surfactants and other additives.

The amounts of these surfactants or other additives
are not critical and optimum amounts will vary depending
on the particular agent selected -for use and the
particular bath in which it is used. Generally, about
0.05 to 10 ml/1 of the wetting agents give excellent
results with pure tin and 60/40 tin-lead alloy baths.
Higher amounts could be used but there is no particulqr
reason to do so. As the lead content of the bath is
increased, additional amounts of these wetting agents may
have to be employed. '

The electroplating solution can be prepared by
placing tin and/or lead compounds in an excess of the
selected acid, adjusting the acid content to the required
pH, adding the appropriate wetting agent and antioxidant
compound, removing undissolved matter by filtration, and
then diluting with water to the final desired volume.

The electroplating solution is generally operated at
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on the particul ar agent selected-for use and the particular bath in which
it IS used. Generally, about 0.05 to 10 mM/1 of the wetting agents give
excellent results with pure tin and 60/40,tin-1ead alloy baths. H gher.
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in the solutions. For platin

60-40 tin-lead all anpl 20 g/ 1
of tin metal FRAQHIYS ML rbfachﬁlm]é?g c,’%ﬁlt‘b]e ’i%fe’a"s £°¥§é gg g&ﬁ'
routinely dekeaiitiethdly @wr gilatitigad YeGkid |tim-1é®d aalloy, Efanpl es
example, 20 g/1 of tin metal and 10 g/l of lead metal can
be used. Other ratios can be routinely determined by one

of ordinary skill in the art.

Examples
The scope of the invention is further described in

connection with the following examples which are set
forth for the purpdses of illustration only and are not
to be construed as limiting the scope of the invention in
any manner. g

In order to determlne whether a material is capable
of reducing. sludge in a given tin solution, a laboratory
setup of the tin dissolving cell utilizing oxygen with a
fluidized bed of tin granules described in U.S.
Patent 4,181,580 was constructed. The solution
containing the antioxidant is pumped at a rapid rate
through a bed of metallic tin granules and oxygen is fed
into the solution. The rate of pumping was adjusted to a
level capable of keeping the bed fluid with no settling
of the metallic tin granules. The result is very rapid
mixing of the oxygenated solution with the tin. This
method of test is similar to that used by J. McCarthy
described above except that a vastly increased oxygen



The _scopé of the invention is further described in connection wth the

follow ng exanples which are set forth for the purposes of illustration
only and are not to be construed as |limtgdng the scope of the invention in
any manner. In order to determ ne whether a material is capable of

reduci ng sludge in a given tin solution, a |laboratory setup of the tin

di ssol vi ng cElowuis| ugsedgwakthgweryi thoaoughi diizeichdesf dfhe | oxygemated

descri bed igséié%igﬁgent 4,181, 580 was constructed. The sol ution containi ng
the antioxidant 1s punped at a rapid rate through a bed of netallic tin
granul es and oxygBhei tinegolntadonkeusedutinoFheTabovs capparaiys ey

adj usted to gendepgiisapaghe of keeping the bed fluid with no settling of
the netallic tin granules. The resylt is very r%pid m xj ng of the
oxygenat ed sol uti®&idith the tin. RS Pl hod o a | ar to that

used by J. Mifartgyigaesgei bed above exeept that al\@stly | (s Eeses) oxygen
- 8- flowis, used mﬁt?ﬁﬁi%ﬁgagorough m xi ng of the oxygenated sol ution.

The tin sol #) onsPReRE bove apfaratus were®he fol {FRUERFEaN)  Acid

Tin[err] o) Methygeudcodig/l 1) 30Sul furic 15 (MKR) 15
(Sul fate) 2) Phenol sul foni c 30 15 (Ferrostan) 3) .
Met hyl sul foni c 30 15 (VBA) Al tests were made

at anbi ent tenperallrbeswust ezecnadeant oujog em tf ltempraumey, Withta. at 50
Came amount Soir et SryBenPe Tl fr S00ERUFR VIS ST 90 B Ldhd e TN
vol ume of scsameokevied g@fepgumping to produce the same fluidized bed.
' The same amount and size of tin granules was used to
begin each test, the same volume of solution was used
each time in the same apparatus, and the time for each
test was 16 hours.

Examples 1-16
A number of electrolytes containing various

antioxidants were prepared and tested as noted above.

The sulfate baths, those baths which did not contain an
antioxidant, and those baths which contained conventional
antioxidants (i.e., examples 1-3 and 8-16) were included
for comparison purposes. The test results appear in
Table 1.
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each time in the same apparatus, and the tinme for each test was 16 hours.
Exanpl es 1-16 A nunber of electrolytes containing various anti oxidants
were prepared and tested as noted above. dhe sulfate baths, those baths.

whi ch did not contain an antioxidant, and those baths whi ch contai ned
conventional antioxidants (i.e., exanples 1-3 and 8-16) were included for
conpari son purposes. The test results Bgypariin Table 1.
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0 lLS. 83sulfafe |vBpne V[err](err] |- 0.5 &/ 1. 5406
0 5 - NBPA Vlerr]dgrr] - 0.5 g/l 5 0 6
- MBA V[|er r EpudEpte 0. |5V@s1— 0.5 g/1 10 0 0.3¢g  39-5 \BA
Verr]gerr]f - 0.5 20 7.83 8 - | MBA
Cat echol - 1 gllé) QﬁéA dnone 0 0 5.83
4 -~ MSA V,03 - 0.5 g/l 0 0
5 - MSA V,0, ~ 0.5 g/1 5 0
6 - MSA |V,0, - 0.5 g/1 | 10 0.36
7 - MSA | V,0, - 0.5 g/1 1 20 7.83
8 - MSA Catechol - 1 g/1 . o 0
9 - MSA Catechol - 1 g/l , S 1.35
. 10 - MSA catechol - 1 g/1 10 2.80
11 - MSA Catechol - 1 g/1 20 9.90
12-Ferrostan None 0 o
13-Ferrostan | None 3 1.35
l4-Ferrostan None 5.7 2.89
15~-Ferrostan None 13 2.91
16-Ferrostan None 20 " 28.7

The sulfate bath used by the Nanfang Metallurgical
Institute described earlier, developed tin** at a
disastrous rate in this tést and an unusually high amount
of sludge was formed. When 0.5 g/l of V,0; was added to
this bath, there was an improvement; however, the amoﬁnt
of sludge and amount of tin** generated was still
completely unacceptable. Iron was not added to the bath
in this test since it would only have made matters worse,
as indicated by all other tests containing iron.
~Although the use of V,05 in the Nanfang sulfate bath
.showed improvement in their tests, its use in strongly
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9 - MSA' Catechol - 1 g/l 5 1.35 10~ MBA

Cat echol - 1 g/l 10 _ 2. 80 11 - MBA Catechol - 1 -
g/l . 20 9.90  12-Ferngstan None

0 ' 0 13- Ferrost an None . . 3

1.35 14- Ferrost an None : 57 : 2..89:

15- Fer r ost anoxygenated\@flutions was of lBittle value. 2. Rdte &ﬁeFerrostan
None

2 . 28. 7 . su fat bath he
Nanf ang N@ta??ﬁFSW?ﬁV high make fs i dbgaiﬁ.gp lﬂe 3¥ rhat a
]Eil saséI r O\L/I\z raésti ﬁ;alishjltsi estern i tan u}rm%midildtyhckngdnfavgm;h Et 'ﬂhesiﬁedgetms
or ne en.0.5 nr e is bath, .t was an
i mpr ovenent ; Pigf’vggg'ﬁ %}Wg'[ %ﬁéj%ue"otg V\ﬁffg‘%‘ %t ’B?r?f:ﬁfg?i] %agnerat ed
was still coupketial higheapasditim glanings exaedn amlevllotsmshadﬂadh in this
test since it would on] ave smde > £T8) he ted by all other
tests contai ni ng Jlrggn %k{}%g’hoq IR §é &l%d‘%@‘l‘n ?}ﬁ%nﬁ%ggagf ul fate bath
showed i npr oskawet anndmankahiﬁsgmpHQNQMEntJ1sﬂhxmg¢qmb1natlon was

- 10 - oxyggﬁ?i)g% Ig,gl Al t rqu n%g&rt @l 2+ Nat dtutﬂ,et@(trerrel y high

rate of tin[er test results"even with the .
addi ti on of &Feentdpddy] zerThe rvﬂr;an tls'qmm&tﬁat%idmttw heheubathe Bhid woul d

be | mpracti cghiigty ngse-elnalmé‘dﬂ v%‘i:gﬁ%ltdéé Slidity &YER Wil ghl LELRIT] 1

added. he ‘co nation of V| err w th MSA (exanples 4-7
content of 10 he bath containing a very high iron
content of 20 g/l showed an increase tin** build-up which
shows the harmful effect of iron in the bath, even with /
vanadium present.

The prior art tin baths containing MSA plus a
catechol antioxidant (examples 8-11) behaved similarly to
the MSA bath with vanadium, but was much worse than the
MSA-vanadium bath when iron was added. These improved
results with vanadium,compafed with catechol in the iron-
containing MSA baths proved the unexpected superiority of
vanadium as an antioxidant in the MSA bath.

The Ferrostan bath containing stannous sulfate and
phenolsulfonic acid does not normally contain an
additional antioxidant since phenolsulfonic acid is-
itself known to be a reducing agent or antioxidant.

These baths behaved similarly to the MSA plus catechol
bath when iron was added in increasing amounts up to
10 g/1. When 20 g/l iron was present in the tests of
both the MSA and Ferrostan baths, the build-up of tin'* in
the Ferrostan bath became excessive by comparison to the
MSA. The Ferrostan bath thus remains commercially
feasible only when iron.is periodically removed from

* production baths to minimize its harmful effects relating
to sludge formation.



showed a‘remarkabl e i nprovenent. This conbi nati on was capabl e of reducing
the- anobunt of tin[err] buildup to essentially zero. When iron was added to
the bath, this build-up remained very clgge_to zero even with an iron
content of 10 g/l. The bath containing-a very high iron content of 20 g/l
showed an increase tin[err] build-up which shows the harnful effect of iron

in the bath,EggﬁPlggtﬂ7ugﬂadiun1present The prior art tin baths
cont ai ning MSA plus . a, catech nti oxi dant xanpl es 8-

simlarly to the MALEIPR 2esh ny&rwe&#ﬁﬁf?ﬁﬁ&?%éﬁ S 0t
I\/BA-vangdi urmba&hth@en Chothese tdeded., Thesesamepramoathtr e:sﬁjlctwqen twagnadi um
conpared wt hol ,in _the i 1905 co | 8 d the

unexpect ed s€B§$#S§ %VtSfe95ﬁa§r g% |ox¥§%4£¥¢$w£ A bat h.

The Ferrost agrédauhesoplasniche slodmtrmqm smumg é:m%heﬂ&l%maf'mﬁc aci d does
not_normel | YagepLaLioanpaddebiontle 4 PANsnRe At HAAN Goacid s

itsel f known agent or anti oxl ese baths behaved .
simlarly tooxﬁeewshupb&anaﬂ-e@boIthlﬁiattlﬁiﬂmé?@]ﬂ’fﬁir?nﬁasﬂtﬂj&é@ itinec?®asi ng

amounts up tpedp. g JI‘heVWEE'a%QBg/ {te%rto’ﬂ:a‘@%tﬁf FNt7 idhyidat elsidde both the
MSA and Ferrostan bat hs erlriJe in th Ferrostan bath

becamne exces§PWEe§9tB§ﬁpaPﬂsGﬁyﬂ@nt F?b§#arrbath thus renains
commer ci al |y .f easqél Qnaﬂb}it\é/ﬂehatr @he S.rﬁﬁnﬁjdte:&ldt;idmmtﬁrh famen also

production baths _to,m ni,m ze it f.f ect | t
f or mati on. beneficia &Hpngefidglfa e%cs. eota‘%gt r{é’r E%g%orrred
usi ng the neybpd alsatﬁarfbxmeanushmgetmﬂﬂin adigdisafdwimmatef oxygen was
bubbl ed i nto eiﬁg%?gask?§”§§3t52§%ﬁ§T8§EA“'Eiﬁ'ﬁhéﬂ*ﬂﬁééﬁséHLB t he

e

sol ution belﬁg
hydrofluoric and hydrochlorlc acids, both used in present

day production for high speed plating. Without an
antioxidant, both baths exhibited the same sludge
problems exhibited by MSA and Ferrostan solutions.
Tantalum, titanium, tungsten, zirconium, chromium, and
molybdenum were also used as additional examples of
multivalent ions which perform similar to vanadium and
which demonstrate antioxidant gualities when iron was
present in the plating solution.

The Halogen bath contained the following components:

Stannous chloride 75 g/l

Sodium fluoride 30 g/1

Sodium bifluoride 45 g/1

Sodium chloride 50 g/1

pH 3.2 - 3.6

The fluoborate bath contained the following
components:

Tin fluoborate 200 g/l
Fluoboric acid (free) 150 g/1

Boric acid 30 g/1

Each bath was formulated with an antioxidant in
_accordance with the present invention. Titanium was
.added as titanium chloride, tantalum was added as



di fference between the two test nethods is the anpbunt of oxygen bubbling
intothe test solutions and the tinme of test. The McCarthy test was run for
7 days at anbient tenperature and oxygenihbl awed at. 0.2 cu ft/hr. To

i ndicate that the inventive antioxidants are al so beneficial in other
divalent tin acid solutions, tests were also perfornmed using tin in acidic

fluoborate seantsDas andoriddle varnldigan'ad varhdiurbassrFdre hytungsteni c

and hydrochlorlc CIdS bot sed |n resent__da roductl hi gh speed
pl ating. Wt%Lﬁ; fum, trngs 3::933 %Ht% A& TR Hhe ‘EI]éErrér;E%f udge
pr obl ens exmmré@ﬂuhyayséhmmm rsmﬂifat&soland mtnél.ybﬁarmaum titanium

t ungst en, rC r and ddi t I
exanpl es of %ﬁ&i’@%"é c?‘?ﬁ% fi'ch per%‘%%%{hgnﬁ%ﬁg“%% vana ??J%Saﬁd :/vh: gﬂa
denonstrat e amtioxidant dualeachesodvdrion sirswds 28 @/end in the plating

sol uti on. hfn&'abg%g,gi%}f B QIR Erd it | i € OpROBRS! S

St annous chlorid Sodium fluorid 30 g/l-
Sodi um bi f | uprévibous testys g/I Sodlun1chlor|de 50 g/l

pH Ten g/1 ®f2 dishPved irbif vdd et cdasdmeopéstned the
foll owi ng components: Tin f]uobqrate, 200 g{l
Fl uoboric acfelytieps and 2@ g/l of disso Vgt iiragitp others”in ordgy ./

Each bath “ﬂﬁofQiﬁuhatédp@ddmdﬁldmﬂbaﬁHSkﬁﬁnﬂaiﬁﬂnqﬂkame wrhé the present
o O arbub kLB Brden FeRtuRARALR At Al P R A on ae
sodi um t ungst at e, Résules whoas thatc orsnadisw f dtamtalum, tltanlum,

. zirconium, -and tungsten are effective as antioxidants to
reduce tin*t buildup in the presence of oxygen. Chromium
and molybdenum are far less effective. The baths in
~which the antioxidants are effective are organic sulfonic
acid based baths such as methyl sulfonic acid and
phenolsulfonic acid, and in fluoboric acid based baths.
Results with the Halogen bath were poor, showing that the
antioxidants are not effeéctive in these baths when they
contain iron. The Halogen baths are successful in
production since iron, which accelerates tin** buildup, is
constantly being removed from solution and is not
permitted to build up to any appreciable amount.

The useful quantities of these multivalent metal
antioxidants can vary from about 0.025 g/l of metal in
solution to about 5 g/l.” Their effectiveness is apparent
in very low concentrations with increasing effectiveness
with increasing concentration until about 1 g/l1. Above
1 g/1, there is only slight improvement. Generally, the
multivalent metals either do not cb—deposit at all with
the metal being plated or they may only be detected in
the deposit in trace amounts.



chrom um as chrom um sul fate,
used as an anti oxi dant
The Ferrostan bath was the same as that-ipzthe previous test.
of dissolved iron was added to sone test solutions and 20 g/l
iron to others in order to sinulate production baths containing iron.
results are shownTabl&al2 e 2.

anmount of netal

bubbl i ng oxygen test

and nol ybdenum as nDbedenUn1chIoride.
in each solution was 0.28 g/l.

The

Ten g/ |
of dissol ved
The
Resul ts show t hat

vanadi um tantalum titanium zirconium and tungsten are effective as

ant j oxi dants
and nol ybden
are effectiv
acid and phe
wi th the Hal

mare far Iess

ar EXgPgagi ¢ su
ol sul fgxee aci d
gen bath were p

to reduce tin err] bui | dup in t he presence of oxygen.

Chrom um

eciive,
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bor, show ng t
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sedPIBgRved

DI iTG-oACi(g/RASE

ch

hat t he anti ox

h the _anti.oxi dants
as *mPtfaLend (i ¢
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i dant s e 1P
ogen ba?%% are

effective inflthese baths whep they contain|iron. The Hal
successful i production_singe rron, whichjaccelerates tfinferr] buildup, TS
constantly bdi nglfemov rofn sol #OM&h and|is notO%ernitlted to BBPt3 up to
any appreci aljl e amount. . The useful qugntities of t ese mul tival ent .
met al antioxidanﬁ can % ry from_abaut 0.0p5 g/l .af net in soI#é gn to
about 5 g/l. {|Thei et f & 've1es¥aP§%§ﬁBhre1t in ry-Iow concenttati ons
with increasiflng effectivenesg with increasfing concentratf on until about 1
g/1. Above 19/l gt hergghns o1|yt35 kalnp ovene b Gengral ly, t?@ g
mul tival ent tal's either do eposit at all with fthe metal” bei ng
plated or thdy may only be datected in the dep03|t in trface anounts.
- 13 - 20 - MSA tithdihf 2 10 13.4
21-Ferrostan none 10 28.2
22-Ferrostan .vanadium_ 10 15.5
23-Fluoborate none 10 12.4
24-Fluoborate vanadium 10 3.6
25-Halogen none 10 95
26-Halogen vanadium 10 95
27 - MSsA zirconium 20 31.8
* 28 - MSA vanadium 20 30.7
29 - MSA tungsten 20 40.4
30 - MsaAa molybdenum 20 95
31 - MSA chromium 20 68
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Exanpte— AntTOXi dant Di ssol ved % Di val ent Sn Bat h

(one ) |l ost to form
Sn |_vr. IH“IH “ﬁ‘l | none o 130- 20. 9 18 - MBA
vanad c L * 16.4 19 - MSA t ant.al um

10 15.9 - 20 - MBA titani um 10

13.4 21-Ferrostan none The tQaims 28. 2 22- Ferrost an
vanadi um 10 15.5 23-Fl uoborate none

10 12. 4 24- Fl uobor at e vanadi um 10

3.6 25-Hal @=mt is claimed is: 10 95  26- Hal ogen
vanadi um 0 5 N@ﬁ n 20
31.8 o8 - NE?#' A §g%g§10n fo% use %& the ectr&ﬁ%é#%ﬁ# £ tln VEA
tungsten and tip alloys comprising: a be@is goAution r?mly%enum

20. includts one of fluoboric acid, an organic sulfonic acid

or one of their salts; divalent tin ions; and an
antioxidant compound which includes a transition metal
selected from the elements of Group IV B, VB or VI B of.
the Periodic Table in an amount effective to assist in
maintaining the tin ions in the divalent state.

2. The solution of claim 1 wherein the amount of
antioxidant compound ranges from about 0.025 to 5 g/l.

3. The solution of claim 1 wherein the transition
metal of the antioxidant compound is vanadium, niobium,
tantalum, titanium, zirconium or tungsten.

4. The solution of claim 3 wherein the antioxidant
compound is an oxide or a solution soluble compound.

5. The solution of claim 1 wherein the basis
solution comprises an alkane sulfonic acid or alkane
sulfonate. '

6. The solution of claim 1 wherein the basis
solution comprises fluoboric acid or fluoborate. |

7. The solution of claim 1 wherein the basis.
solution comprises phenol sulfonic acid or a phenol
sulfonate. : ;

8. The solution of claim 1 further comprising at
least one of a wetting agent, a brightener, or divalent
lead ions. ’

9. The solution of claim 8 wherein the wetting
agent is one which is substantially non-foaming.

10. The solution of claim 1 which further includes
iron ion contamination.

11. The solution of claim 1 wherein the oxygen
oxygen content is maintained at or near its maximum
concentration in the solution, .and the antioxidant is
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20 C
ﬂ!l'“\l ‘I “I“ l l“‘ The Claine Wiat is clained is: 1.
A sol the electroplating;gf_tin and tin alloys conprising:

a basis solutlon whi ch includes one of f}uoboric acid, -an.organi c sul fonic
acid or one of their salts; divalent tin ions; and an anti oxi dant conpound

whi ch i ncl U‘iﬁ%s%r{ﬁ 151 4 CAmoBh | e fLLEEEGE thoEBENSteliammatintalinGroup |V B,
V Bor VI B the Periodjc Tab l%'i an, a t effective to assist in
mai nt ai ni ng i, iopR 1h the divatenr g?& 2. The sol ution of

clégn1}|mherein i, amoummlutlamthM|daet1notpeuadec&ngp§atdmm\aﬁbdﬁiﬂ 025
to agl/l. solutio aim r t tion netal of
€ 0150 OB L6 B ballier BfukiBa’ (SN

the antioxi §&Aft n|o |un1 antarum _titanium
2|rcon|un1oannlqﬁﬁsnnne of fluohbricohgidenanf adkanm sulfendicn actal,

ant 1 oxt dant GOTARING] SsdleG81 deaBla o OaH! h?Bmﬁ@ll’ébEﬁl‘fﬁ?f}i%U%@nd or 5

The sol utioff ere n e basis solution conprises an al kane
sul foni ¢ ammeNOﬁﬂﬂnﬂmrs%ﬁlbﬁﬂi@lvalent tin jrasgopnd; ap antdoxigdant

wherein the é&@&rﬁ?'d&? | PAn&QIRN | SREobhuRhOLhGtatusm, Ot ithugher,at e. 7.
The solutio {

claim1l wherein the basis sol n c rise enol
sul foni ¢ acizd XOTH Whetio| tuRg$ bR &0 an amoynt TH% QS%gE %glﬁlﬂ%P
further conprising At teasésDee Oh Radathingnagehe, tadnbiogist dnertheor
di val ent | ead i 9. The solution of claim8 wherein the wetting

ns
agent is on (iﬁP?s§§ﬁE%tant|ally non- f oani ng.

13. The solution of claim 12 whereln the oxygen
‘oxygen content is maintained at or near its maximum
concentration in the solution, and the antioxidant is
present in an amount effective to assist in maintaining
the tin ions in the divalent state. .

14. A method for preventing, redu01ng or minimizing
the oxidation of tin ions in an acid electroplating
solution which comprises adding an antioxidant compound
which includes a transition metal selected from the
elements of Group IV B, V B or VI B of the Periodic Table
to an acid electroplating solutions which contains
divalent tin ions, said antioxidant compound being added
in an amount effective to assist in maintaining the-tin
ions in the divalent state.

15. .The method of claim 14 which further comprises
'selecting the transition metal of the antioxidant -
compound to be vanadium, niobium, tantalum, titanium,
zirconium or tungsten.

16. The method of claim 15 which further comprises
selecting the antioxidant compound to be  in the form of
an oxide or a solution soluble compound.

17. The method of claim 14 which further comprises
selecting the amount of antioxidant compound to be in the
range of from about 0.025 to 5 g/l.



¥ .

10. The solution of claim1 which further includes iron ion contam nation.
11.- °Th mm Hw(lmﬂum'ml:m 1 wherein the oxygen oxygen content is naintained
at or a H oncentration ip {pe_-solution, and the antioxi dant

i * bresent in an anount effective to assist in

malntalnlng thetlnlonsmthe di val ent state. 12. A solution

for use in the elﬁ:trométﬁeehaa bENclaidngdat WRidh! gustherpdaipises basi s
sol ution which I ncludes. one of ﬁdligo or%i §C| d, .an_al kanelk I fonl c acid,
£8 Pt

an al kanol &f¥eskingcthepagis, teng fi ghgcPf g 2 € of their
sal'ts; di valsarntfdniblamﬁ,aad alhkanbilosuldiiohic . acmdpoandadﬂcanmadu um

ni obi um tant titaniu Qr i unt of

bet ween abomﬁa:'oérj e %’ﬁdan%kaﬂ) 83?8 %?!Tglgggig?ﬁl r%g inions in
t he di valﬂruohzirzritae, phenol salfwnecsacmdu on af pbenioh @lmaém t he
oxygen oxygen e'ﬁe{}ﬁbat gtnﬁm{n Rk Qgéi'ehhstﬁ@“afﬂﬁﬂoxn.dant

concentration in e sorut1 on, e anti oxi present in an
anount ef f ectampound atsi added ‘F?Ql anapArR§roplakdng; folytdam WhHehyi val ent

state. oneaﬁnsﬁfsﬁhﬂanfebneaﬁaﬁatthaa,. reduci ng or mninizing  the
oxi dati on of tini1ons 1nh an acid elecé Iatlng % %ﬁlon whi ch, corrprlses
Fdpl ich fpx

addi ng an anti oxi%nt EaepBghBod ofn néfu &5 ST
sel ected fromdheaing cAENE8ASLObNE Olﬁpal WeBti¥gBagen¥l, B dfrigretdiesy odi ¢

Tabl t I | at h t di val ent t
abl e cai doﬁl‘i’i e gc rog ﬁﬂhggﬂﬁg %h%ngo\f’{]ﬂ:% cont ai ns ivalent tin

i ons, °Bn anmount effective to
assist in mint almng The tnethod bfinsladmt B whighefurthen comprises 15,

Th t hod of 14 l;egt the t t
mtal of thEIPERdae Yorhibl AeFSTER P& one SRER A "ot alom

titani um substantlally non-foaming.
22. The method of claim 14 which further comprises

conducting -the electroplating step under conditions which
result in maintaining the oxygen content at or near its

. maximum concentration in the solution, and providing the
antioxidant in an amount effective to assist in
maintaining the tin ions in the divalent state.
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zi rconi um or tungsten. 16. The method of claim 15 which further

conpri ses sel ecting the anti oxi dant compound to be in the form of an
oxi de or a sol ution sol ubl e conmpound. _ 17. The method of claim 14
whi ch further .conprises selecting the anDunt of anti oxi dant cenpaqund to
be in the range of : (@) GE -

18. The nethod of cIa|n114‘mh|ch further conprlses sel ecting the basis
solution to be one of an al kane sul fonic acid, an al kanol sulfonic acid, an
al kane sul fonate, an al kanol sulfonatépéﬂﬂﬂﬁﬁbric acid, a fluoborate,

phenol sulfonic aghd fhredcpiteNveriticiaiSlates td% JBquEéﬂoﬁonugéa' m 14
wherein the anti oxidant conpound is added to_an el ectroplating solution

whi ch cont ai #8 FhgneilsFtroplahing iof tin andgtinnleadi#dblC¥F claim 14

whi ch furthetopptiREings al Msli@ rﬂ:laitlcﬁas&hme DhcPud®st £DgoBgeiE, adid
brightener, or divalent. nto(ihe sol uti The met hod of

clai m 20 whi &R ?Br?ﬁanéghﬁH %ﬁﬂ%ﬁﬁ F t9Re W@ ft?“ﬁlﬁgﬁﬁit§b be one
which is subdﬁaaneatlylnodchsamany an an®ibxidentre¢tmpoafd cvhich14 whi ch

furt her. conpelsesacanduelibng.; i, Glaly Ol ALLEG 5§88y UDRE" o FaRdiLLOBE

whi ch resul t 7I'"a~marnt ai ni ng é‘oxygen co S maxi num :
concent r at i o@roupt B¥ Bol Mt iBo@r 3 Braf/ithenPehbodie i Babtaninianan anount

effective t0,355ht! efPetRiVe ity RELNA i) AL ed ity Ay LR iShE &n
the divalent state. Another aspect of the invention
relates ‘to a method for preventing, reducing or
ninimizing the oxidation of tin ions in an acid
electroplating solution by ‘adding one of these
antioxidant compounds thereto. This method is effective
in certain basis solutions even when iron contamination
or high oxygen levels are present.
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