ELEGERROREPOSI TI ON OF TIN AND TIN ALLOYS The present invention rgr@at es to
depg tin as well as copper qr rhodium alloys thereof on vadQ és/"’]s’
substrates; nore particularly the invention pertains to the deposition of
bright, netallic tin fromstablej. baths wherein the tinis in the form
of divalent tin sulphate or fluoroborate, e.g. stannous sul phate or

fl uoroborate. Thergr =1 f i a ents concerned
with tinor tin aIELEéTﬁOEEB_@g ity ¥ . e _A ses for utilizing
the sane.” Some of the nore relevant patents for the present purposes

i nclude U.S. Patent sTl3e 78Pe 888t ( Sadkatdoreirelates 3td48epd81itYakayin ;
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formul ati onsuphdtdave bredrsépegaskedel.ef. CHERASHS sapPphifat bens, there
Is still a: uggj f.or el ectroplating bat hgrv\,hi ch w I% e‘??g(‘:tlvei)y deposi t

bright netalfi¥PERPTHESari ous substrates. Another 25. inportant
characteristic is barterss abs| at yubsspatialll by eE Lk]ﬁﬁiéf NagNBAERGts
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(Rarustis, Jr. et al.);'3,875,029 (Rosenberg et al.):
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British Patents 1,351,875 and 1,408,148.

20. Despite the existence of this extensive literature
and the various formulations which have been suggested
for_commercial applications, there is still a need  for
electroplating baths which will effectively deposit
Eright metallic tin on various substrates. Another

25. important characteristic is bath stability, especially
-premature tin compound precipitation in the bath. The
variety of bath formulations proposed heretofore reveal,
moreover, that all of the ingredients employed in the
bath formulation must be taken into consideration not

30. only with respect to the type 6f deposit obtained but
also with respect to questions such as bath stability



2. .and by-product formation. The present invention ainms to provide a tin /"
®lectroplating bath which ensures the deposition of bright netallic tin on ~
vari ous substrates.' 5. The present invention also ains to provide
a divalent tin electroplating bath of ipgproved stability. The present

inventioQ*aIso aims to provide an inproved el ectroplating bath for L#
deposition of alloys of tin with copper and/or rhodium 10.
have. now found that by utilizing certain aromatic sul phonic acid ad
i n conj.unction mﬁth_%ertain ot her additives an inproved tin el ectropftating,
‘bath, formul ated V% PETRTe8PEhi EoBM3ELSRr tin conpounds, can be achi eved.

The Lesu!tipg bﬁth nﬁt 15.Tn§|p5éeaﬂﬁ'lﬁvbhgidﬁpeihﬁiF@(ﬁk@ﬁ?qﬁuﬁrmmﬁlILC
tin but is further_gharacterjze ut.st.andi ng_stability. e .ot her pat
cingredients will c fﬁ)‘? §8Pgﬁ¥ﬂ8r§éﬁﬁcw &t eé‘%uéle&néﬁec dﬁﬁ%eltﬁﬁrbh?€ner,

and a noni oni ¢ surbatghtichetalajjentinPonf sazhbys sSubstxtatex). w |l al so
contain an alighatic al deh ' neL r.Qr..r i _ s y.. al so
be effectivel ygp'codeposi ted¥€\ngt ﬁi'%lg%hfe'r g#ﬁ"&ﬁ%@?r of)alq'astol %3%% ﬁlﬂé‘%’c&gr%ance

.with the present i@yealenh tineedectroppniinggbekhhoHiimproyedstability.
invention 25.. are fornul appd PrbleftV3heBhtlibh a1 @i RO an

sol ubl e conpound. | Typi cal, of Such conpounds are stannous sul phate,

stannous f| uor obor HRRraVadsedfRELOPLALteRTdPath &1 tdheysarosiiiPn L&l so

present in anbuntsalloys of tin with copper and/or rhodium.

' 10. We havé now found that by utilizing certain
aromatic sulphonic acid additives in conjunction with.
certain other additives an improved tin electroplating-
bath, formulated with bath soluble divalent tin
compounds, can be achieved. The fesulting bath not

15. only leads to the deposition of bright metallic tin but
is further charactérized by outstanding stability.

' The other béth ingredients will comprise an
inorganicacid, an aromatic amine brightener, and a
nonionic surface active agent. Preferably, the bath

'20. will also contain an aliphatic aldehyde brightener.

Copper or rhodium metals may also be effectively
codeposited with tin from électroplating bé@hs in
accordance with the present invention. -

_ The electropléﬁingubaths of the present invention

25.. are formulated with divalent tin in the form of a bath

' soluble compound. Tybipai'of such compounds are stannous
sulphate, stannous flﬁdioborate.and stannous chloride. .
Free inorganic acid is also present in amounts
sufficient to provide conductivity, maintain the bath

30. H not in excess of about 2.0 and maintain the solubility of the
metal salts. Tt will be understood that the particular acid



S

0 out 2.0 and naintain the solubility of the netal salts. It witl be ‘w
u stood that the particular acid 3. used will correspond o the anion
of thexdivalent tin conpound,®e.g. sulphuric acid when a sul phate is used,

f1 uor ébori c acid when a fluoroborate is used and hydro- chloric aC|g,mhen a
chloride is used. 5. The brightener system preferably conprises

one or nore aromatic am nes and, nost preferably will conprise a

conmbi nation of one or nore aromatic am nes and al i phatic al dehydes. The

f th ths.of .th r.esent
oot e, Wi LRSS ARl o oEnd> St Byl 2 BRLNRSSRIERE O o e
o- chl or cwomiddunsl, g nosulpbupbseacifiewhen afsuiphbmeoamlusudﬁs preferred.
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and i ncl exanpl e aceta proplonaldehyde
but yr aa-chl@srhdiacid whent anchienjde. lsnu§ﬁds |nvent|on the preferred

al dghyde is for nmjdlahyien ggnégrgfgtgm ﬁ@é@@rhﬁ ﬁ%ﬁﬂb %néplut|on of -
f or mal dehyde. Noni oni ¢, Surf act s_are enp |n t provi de
grain r lﬂﬁﬁﬁnaERmﬁtﬁFeﬁ@%ﬁ?%déE65|FOStTE§§§e§éhlﬁeW@d#nerC|aIIy

avai | ablconipityd aéSc&wfnaﬁw@ndf GﬁénéiPYmBQEYQTrB)hh%&% @it hanol e. g.

'Q%iisfa'etaﬁﬁﬁ%ét 17 HHeRTUES o gThR R HRRaLREQPE: SF0d SBReR ade Mhrk) LS
and C3; usufuﬂI@drFﬁmmyinpﬂhngatnbebBetBéhpresent invention

10. include o-toluidine; p~toluidine;- m~toluidine; aniline
and o-chloroaniline. For most purposes the use of
o-chloroaniline is preferred.

Suitable aliphatic aldehydes are those containing
from 1 to 4 carbon-atoms and include, for example,

15. formaldehyde, acetaldehyde, propionaldehyde, butyraa- E : -
ldehyde, and crotonaldehyde. In this invention the )
preferred aldehyde is formaldehyde or formalin, which
is a 37% aqueous solution of_fofmaldehyde.

Nonionic surfactants are employed in the bath to

20. provide grain refinement of the electrodeposit. These
can be commercially available'materials such as nonyl ' :
phenoxy polyethylene oxide ethanol e.g. Igelpal (Registered_

Trade Mark) C0630 and Triton (Registered Trade Mark) -
Q515; ethoxylated alkylolamide e.g. Amidex (Registered -
25. Trade Mark) LS and C3; and a]k'j.phenyl polyglycoletherethy-
lene oxide e.g. Newtronyx (Registered Trade Mark) 675.
Nonionic surface active agents which have been
found to be particularly effective for the present
- purposes are the polyoxyalkylene ethers, where the alky-

30. lene group coﬁtains from 2 to 20 carbon atoms. Poly-=

oxyethylene ethers having from 10 to 20 moles of ethyiene

gg%%;ient to provide conductivity, nmaintain the bath 30. pH not in excess -



I'ene oxide e.g. Newtronyx (Registered Trade Mark) 675. Nonionic surface
Rctive.agents which have been found to be particularly effective-for the
preserit- purposes. are the pol yoxyal kyl ene ethers, where the al ky- 30. |ene
group contains from2 to 20 carbon atdss. Poly- oxyethyl ene ethers hg
from10 to 20 noles of ethyl ene 4. oxide per nole of |ipophilic i‘ G0
are preferred, and include such surfactants as pol yoxyet hyl ene | aur
(sol d under the tradenane Brij (Registered Trade Mark) 25.-SP). 5. )
fs p{erlously described., the essential feature of the present invention S
6 utilize an aromatic sul - phoni ¢ ,aci ound in conjunction he
bat h i ngr edi ent 8¥4¢¢ PSFtW°&SoP§ 1ipop gﬁ%ﬁH&ﬁ??Qﬂﬁ(fﬁﬁ*ﬁﬁﬁ#ﬁﬁ? n 4
- ; Zb:’l I Ir te ]y of thsnehataﬁngulbnt bu&lfdcﬁla@tlsdgsl]@:om@mme b]rambretigennd
| i nenmen e_electro ref.err ci ds
are: o-cresol &FﬁﬁGnF‘BdﬁEl glrp@?ﬁnagﬁ S ¢ ae r%térfgl% p(r??)émﬂé?am d
15. ' CIDBLSBMenoI sulphonlc acid derlvatlves of phenol and cresol

~ Which could be enpl oyed B% h g ers%%fggyé%%ﬁ)e?f @{émégyén@flgpofeé%pgom c

acid 2-chlor®o; 6-methyl 2,4-dimeth
phenol sulphpnlofathé ExésémnwﬁmmanﬁiqﬂuﬂﬁﬂthnqﬂkﬁﬁQ:%RHQFQW%?E§O$U¥'
sul phoni ¢ aci d phonic acid compound in conjunction with.the bath

ingredients set forth above. The sulphonic acid compounds
ﬁaintain'stability of the plating bath and provide
10. supplemental brightening and grain refinement to the
electrodeposit. Preferred aromatic sulphonic acids are:
o-cresol sulphonic acid
m-cresol sulphonic acid
phenol sulphonic acid
15. | ' Other phenol sulphonic acid derivatives of
phenol and cresol which could be employed include for
examples: '
2,6~dimethyl phenol sulphonic acid
_ 2-chloro, 6-methyl phenol sulphonic acid
20. 2,4-dimethyl phenol sulphonic acid
2,4,6-trimethyl phenol sulphonic acid
m-cresol sulphonic acid
_ p-c¢resol sulphonic acid
_ Sulphonic acid derivatives of alpha- and beta-naphthols
’ 25. are also possible candidates as the aromatic sulphonic
acid ingredient. Additionally, the bath soluble salts of
the above acids, such as ‘the alkali metal salts, may be
used instead of or in addition to the acid.
In formulating the plating baths of the present
30. invention, the divalent tin compound will be used in an
amount at least sufficient to deposit tin on the substrate



p- dresol sul phonic acid Sul phonic acid derivatives of .al pha- and -
bet a- napht hol s 25. are al so possible candidates as the aromatic sul phonic
acid redient. Additionally, the bath soluble salts of the above acids, -

. »such the alkali nmetal saltsp.may be used instead of or in addition to

t he d. In formulating the plating baths of the present 30. inven{}on, )
the divalent tin conpound.will be used in an anount at |east sufficfent to
deposit tin on the substrate 5. to be plated, up to its nmaxi num
solubility in the bath. The inorganic acid will be present in an anmount
sufficient to naihtain the pH of .the plating_ bath not in excess of about

2.0. TheFrkfreRtRtemt nBPoFOt hESCBAFHART GPIHPLHEY 0 dhet iRa% ne and the
gl ! pﬂat im@m@@yﬂaul hfba Wﬁ.giebb_ lpli'e%lé_hllﬁ"lti& ain -Ia@zaﬁinﬁtfédf,?iﬁénto | par t
rightness to,the tip elegtr posi t, i t he nqnionic. surfactant wi e
resent £ MALBESHR Phe B, G ERE; PHaRIAG RARD TOMCIL, SHEATE Sl phoni ¢
aci d derabeut ve.0i | | The prematici aminel®r dheutombiffdtciemtos otlai ntain the
stabildt %leE'n atfh_and . br.j.ght ness
el ect rgd efo%g#rg re %pg%‘ltif %{clgl %‘d} l E)?“r?gﬁl%ﬁg%ﬁ‘?&fhgﬁﬁes v%)j?ﬁ[ h%ee a%%e%%%:e
_el ect r oplmtameuybs hat oteastssufiféatieot wid linpanhy desightnegssdumt s within
the fol gy ngsf a8PEEE rodeposit, while the nonionic surfa s
(gr_ans/l%%r ggilfﬁélgregtl;gﬂt Spos_ '_W * _e the nonﬁfalccalsur %crte e??gf 1) Tin
(1), aPeipFeseRtsinphecbathudnopogradnoredfiingnaamount. The 5- 50
15-30  aromatic sulphonic acid derivative will be present in an
10. amount sufficient to maintain the stability of the plating -
bath and to enhance the brightness of the electrodeposit.
More specifically, the ingredients of the aqueous
electroplating baths of this invention will be present in

amounts within the féllowing ranges:

15. : Amounts - (grams/litre) A
Ingredients - Typical ‘Preferred
(1) Tin (II), as stannous
sulphate, fluoroborate .
or chloride 5-50 15-30
20.  (2) Sulphuric, fluoroboric : :
‘or hydrochloric acid '100-250 . 160-190
(3) Aromatic Amine 0.3-15 0.5-1.5.
(4) Aliphatic Aldehyde 0.5-11 0.9-5.4
. (5) Nonionic surfactant 0.1-20 0.5-2.5 ' -
25.. (6) Aromatic sulphonic _ )
| acid derivative 0.5-30 3-9

The pH of the bath will not be in excess of .about
2.0 and will usually be less than about 1, with ranges
from about O to 0.5 being tvpical and ranges from about
30. O to 0.3 being preferred. Electroplating temperatures
and current densities used will be those at which there

e e e e — e



20. -.(2) Sul phuric, fluoroboric or hydrochloric acid 100- 250

160-190 (3) Aromatic Am ne 0. 3-15 .0.5-1.5 (4) Aliphatic:
Al dehyde - , 0.5-11 0.9-5.4 (5) Nonionic surfactant -20
0.5-2.5 25. .. (6) Aromatic sul phonig, aci d derivative. ' 30

3-9 The pH of the bath will not be in excess of about 2.0 and w || ual l'y

be | ess t™Man about 1, with ranges fromabout 0 to 0.5 being typical and
ranges from about 30. 0 to 0.3 being preferred. Electroplating
temperatures and current densities used will be those at which there 6.
‘are no adverse effects on either the plating bath or the el ectrodeposit
produced. Typi adle no tddrdmgaffactss on |éithkef rdne apbatifgrbathoofrekhp,

wi th tenperatures of t t bei '

densi (1o w |1 BISHEAEoHPTS AT Rt squirRirELEr | My pUfbEFacqgbsent >
Anps/ squar e deciwiftlr dbe( ASfN abwhiprkd e e y4@%6utW?§ht‘éeI£EQrA§PrF§. 8fto 20
ASD). The subst 3 QIZC \gﬁg tq_.E:I EROPE, SAld fé’fi'+a'. pl ﬁggcgli tuzkBdtt he

el.ectropl ati ng bat S I nventlo %? I ncl ude_ nost, netal li_c
substrat es, éxcdbmsﬁﬁiﬁseﬂkﬂlyhﬁLRQP%%pb%rF°c6%9e?maF/§9§?rFrgﬁPtsteel
bechct oo o G OV R anc mepereguict agcsmiaseciasm ponereve
the bath and pl ARGASTARBEAPGREHH 1) 200 1EOE) KT 5y obBntS: nvelEDdn.
Anot her aspect of this inmestéglistrapéseshibh may be satisfactorily
plated utilizingfthe electroplating baths of this invention
10. include most metallic substrates, except zinc, and include
co?per, copper alloys, iron, steel, nickel, and nickel
alloys. Additionally, non-metallic substrates that have
been treated to provide sufficient conductivity may also
be plated using'the-bath and plating process_according to
15. the present invention. _

Another aspect of this invention involves the
discoverY'that copper and rhodium metals can be ¢o-
deposited with tin on the above mentioned substrates using
the electroplating baths described above without the

- 20. need for additional additives or complexing agents. In
contrast, metals such as nickel, iron and indium do not
codeposit under the same conditions. _

Typically, the copper or rhodium is added to

the bath as bath soluble compounds, preferably having the
25. same anions as the divalent tin compounds. The amounts

of such compounds added are preferably sufficient to _

prdvide up to about 5% by weight of copper or rhodium,

as codeposited alloying metal, alloyed with the tin, in the

electrodeposit. Typical amounts of copper and rhodium
30. in the electroplating—baths'ﬁo provide such quantities .



di scovery that copper and rhodium netals can be co- deposited with tin on
e above nentioned substrates using the el ectroplating baths descri bed o’
ve without the 20. need for _additional additives or conplexing agents.
contrast, netals such as nidkel, iron and indi umdo not codeposit under
the sane conditions. Typically, the copper or rhodiumis added to th¢ bath
as bath sol ubl e conpounds, preferably having the 25. sane ani ons as®t he )
di val ent tin conpounds. The anounts of such conpounds added are preferably
sufficient to provide up to about 5% by wei ght of copper or rhodium as
codeposs £ ethell ¢odepgsieédl alablydngdmettbl tilne thien elict dddepd=ict r odeposi t.

ot ovi oS cboarpr £ B0 BPnkyIIAE Sha Oh 2 BB 2 REARY TP T (he

el ct r odegepectivelybout 0.2 to 4 grans/litre and 0.2 to 2 grans/litre,

respectively. Thﬁué_nyﬁgéhg?oﬁaiﬁﬁpeggu ultng%btgji,tgéﬁééw -ﬁ?r\}ﬂ’%our‘s -ways and

certain sepcific enbodi nents w escr : ustrate the Invention
wi t 1P+ srasrererd t eerhainceerpafyrngrbedipeass widdpbe desaribed :
el ectr opb af 1 N9 PRhbe VBRePLARBNEY o' WTchN 2ol fadieddics s 1 forth bel ow
I ngredi ents Amount g/l 15. . Tin (1l), as stannous
sul phat@Fcompany$ngseXgmBA&sic Aci d | - 175 :
Example I
10. '

An electroplating bath was prepared from the
ingredients set forth below: ' '

Ingredients . Amount g/l
15. Tin (II), as stannous sulphate 22.5 _
Sulphuric Acid ' 175
o-chloroaniline . 1.0,cc/1
Formalin ' 10, ce/1
Polyoxyethylene lauryl ether 1.0
20. o-Cresol sulphonic acid ' 5.0
Water . ~ Remainder

. The resulting bath' was stable and was operated at
20°C. at a current density of 30 ASF ( 3 2asD) with rapid
25. agitation to plate a copper panel. The tin deposit thus '
- formed had a very bright appearance. -

Examples IIA to TIC

30. We have found that there is a side reactién
between formaldehyde and the sulphonic acid which causes



o-chl oroaniline ~ 1.0,cc/l Formalin

10, ccll Polyoxyethylene lauryl ether 1.0 20. o- Creso

su phonic acid 5.0 Water o
Remai nder The resulting bath was stabl&. and was operated at [err] at a
current density of 30 ASF ( 3 .ASD) with rapid 25. agitation to plate

copper pdhel. The tin deposit thus forned had a very bright appearance.

Exanples 1A to I1C 30. o W have found that there is a side
reacti on between formal dehyde and the sul phonic acid which causes 8. a
precipitate to formand settle out of the bath_ solution. Howeve -have

further found tatpnecipitate Heo pbermiand sabtlie QuFeggthSXPéﬁP Fﬁéqﬁéﬂﬁ

position, of thegphanot, sk Rhopd crastilei srblngkedabyigethul o&tﬁ@p&oseludm,
o-cresol 5. sul phonic acid, this undesirable side reaction, he ce Hpe
precipitati on, FMWEARMNSTFRT RFEPhspRE Beb? E?§ﬁ§F8 ny QGCF dﬁﬁﬂ?

| oad, and degre%ﬁ tﬂﬂii@ta@m f@ybybéneaebyumébnylogronbsedagoim wi-urasol
e e
results were &Sﬁhélﬁw5u1p¥¥mmﬂmn S abwsi Gpwhxanfhe oﬂhertaswects of -
(24m /1), (hrs) 155:xa|.n|11561e I sucg gé%o?ﬂ' EQQH' Cafig! ge(ﬁéé‘) of agitation, n?ay

also be-further\optlmlzed to minimize, if not eliminate,

this precipdtate. i S

10. Exémple 1 was repeated to test the stability
'. of the bath using a number of other sulphonlc acids.
The results were as fOllOWS‘-

e ' : ' " Amount -Stability

. Example Additive - (ml/1) * (hrs)
15. IIA o-Cresol sulphonic
acid (65%) 8 24
IIB m-Cresol sulphonic _
acid (33%) 6 16
20. IIC . Phenol sulphonic o
acid (65%) 10 12

Example TIII

ot ‘ 25. ' An electroplating bath was prepared for the
following ingredients:

Ingredients o ~ Amount ‘(g/1)

Tin II, as stannous sulphate 30 '
 30. Sulphuric acid o | 175

Copper, as copper sulnhate 0.4

Formalin 10, cc/1



Ll B m Cresol sul phonic acid (33% 6 16 20. II1C

_gﬁgnol sul phonic acid (65% 10 12 Exanple Il 25 - oo
" AVel ectropl ating bath was pr%Pared for the follow ng ingredients: ;
I ngredients . Amount (g/l) Tin Il, as stannqys
sul phat e 30 30. Sul phuric acid :;f 175
Copper, as copper sul phate 0.4 Formal in T
10, cc/l - 9. Ingredients Amount (g/l)
0- Chl oroani |l i ne - , 0.4 cc/l Pol yoxyethyl ene |auryl .

et her 0.4 o-Cresol: sul phoni c aci 0.8 5 The
result|%%2§89%9ﬁ§§ operated at 60 ASF ( 6 unt o /l)uced a t|n/copper

al | oy depshloroanﬁéunﬁng 1. 0% copper. The deposi®.4escdbmi -bright. 10.

Exanpl eg, BeaiR) 1l |l eﬁg%repeated butgt e copper was repl aced by

rhodiunIa éx%oncgliteratlon e 5 g/l of rhodium sul phate (Exanple |VA).

The bat A~GESSepecplPRoNd-C aﬁc-’%ﬁ) ASF ( 6 ASD) arfd-$roduced a very bright

tin/grhodi um all oy deposit containing 0.07% rhodi um Wen nickel (Example =

| VB), I Ex I | VC d I | VD I din thi

bat% thgsn ( anghg re ulé?ﬁéI%ééﬂnéas [} eéated)ageég EQP oyed in this
( 6 ASD) and produced a tin/copper alloy deposit. .

containing 1.0% copper. The deposit was semi-bright.

&

10. . Examples IVA to IVD

Example III was repeated but the copper was
replaced by rhodium at a concentration of 0.5 g/1 of -
rhodium sulphate (Example IVA). The bath was operated
15. at 60 ASF '( 6 ASD) and produéed a very bright tin/ -
rhodium alloy deposit containing 0.07% rhodium. :
When nickel (Example IVB), iron (Example IVC),
or indium (Example IVD) were employed in this bath they
failed to codeposit with the metallic tin.

200
Examples-VA and VB ' 6
To demonstrate the stability enhancing effects -

of an aromatic sulphonic acid in the tin electroplating - K
25. baths of this invention the following baths were = *

prepared. )

Example "VA g/l

Stannous sulphate 60
30. Sulphuric acid 180

o-Cresol sulphonic acid 5.6

Water Remainder

D limie A e



failed to codeposit with the metallic tin. 20. Exanples VA and VB To
. dehonstrate the stability enhancing effects of an aromatic sul phonic aci
inthetin electroplating 25. baths of this invention the follow ng bath

were prepared. Exanple -VA 10. g/l Stannous sul phate
60 30. S:thurlc aci d 180 o-Cresol sul phonic acid
5:6 Wate _ Renai nder 10. Exanple VB

ol | Stannous sul phat e ’ 60 Sulphuric aci d

180 Water Remai nder ‘5. "‘An electric air

conpressor with spargers was enployed to punp air at a flowrate of"
approxi mat el y 1EXamptef¥Bt per ninute (0.42 cubic m@3Ales/min.) through the

baths in a 1 Iitgﬁ ﬁﬁ@ﬁﬁrsui hate The concentrgg on of stannic tin
- was neasured in the baths at repeated intervals. The results are given in

" Table 1 bel ow. TRwLRhurig acidnnic Tin Conc. (gl) EX&fl e
VA - : Water D . Remainder

T 5.
? | ‘An electric air compressor with spargers'was
employed to:pump air at a flow rate of approximately
15 cubic feet per minute ( 0.42 cubic metres/min.)
through the baths in a 1 litre beaker.
1o. The concentration 6f stannic tin was
measured in the baths at repeated intervals. The results
are givén in Table 1 below.

" TABLE -1
15.
_ _ . Stannic Tin Conc. (g/l1)
TExample VA VB
Time period
20. ' |start = 0.3 | 0.5
5 days 2.2 . 9.1
10 days - 3.5 . 13.6
. . _ .
. 25 In commercial operations air is normally

present as a result of agltatlon, and becomes a serious
problem because hlgh rates of agitation will entrap
substantial amounts of_air which, in the absence of the
aromatic sulphonic acid, will cause formation of stannic

tin in the bath which is a measure of bath degradation.
30. . :



rre period 20. Start 0.3 ' 0.5 5 days

2 - Eﬂ days 3.5 13.6 In = - -
"N om’rert' ﬁmmu“ “ ir is.normally 25. present as a result of agitation;,
and be aLse¥ | dus *probl ek because high rates of agitation will
entrap substantial ampunts.of air which, in the absence of the aron@gfic’ _
sul phonic acid, wll. cause formation of stannic tin in the bath whith is a °
nmeasure of bath degradat iSHRIMS) CLAIMS 1. An electroplating bath for
~the deposition of bright netallic tin or alloys of tin with copper and/or .
r hodi um whi ch conpri ses bat h sol uple divalent fin conpoupnd in anmount
sufficient to deggsHAqi41?§¥¥ %ﬁ&ﬂﬂr%ﬁ%ﬁbﬁ?ﬁgE%?_g?ggﬁaglgﬁ P%grganic
aci d i nbaightnoetslldafinc oerdllbgs afi himiwithheodpet handAon athodinmexcess of about
2.0, a bri.ghtenin nount ,of, .an I ¢..am ne, bright enegr noni oni c -
surfactgh%g:aﬁﬁm 5t Qﬁtﬁu?égéﬁigi%lg%}%ﬁBnﬁ%ga%? P?HP?i%ﬁent to
i npr oveathameuath sufficfieitt to hdepdsit ngibaoh tihed suhasbretehbedmigght ness
of the odenosi ; Sy.el | at i r the
.dep%éi t?g%%%?'b%%ﬁ#rr%atnaﬁA% El,ﬁﬂgnalguﬁg%élg?egﬁaﬁlgggé%g ftgcorrpri ses: (a) ,
St annouBadnitpida &hey athorbarel eln reseeapoefit abeut 2e0502g/ |,
brightening amount of an aromatic amine brightener, a

-

»

nonionic surfactant, and an amount of an aromatic

sulphonic acid sufficient to improve the stability of
10. the plating bath and enhance the brightness of the

electrodeposit. '

2. An aqueous eleétroplating bath for the
‘deposition of bright, metallic tin on substrates which
15.. comprises: ; ' -
(a) Stannous sulphate or fluoroborate in an amount of
.5 to 50 g/1, N
(b} sulphuric or fluoroboric acid in an amount of 100

to 250 g/1, .
20. (c) an aromatic amine brightener in an amount of 0.3
to 15 g/1, ' . .
(d) an aliphatic aldehyde brightener in an amount of
0.5 to 11 g/1, : A

- (e) a polyoxyalkylene ether in an amount of 0.1 to 20
25. g/1, and : )
(f) cresol or phenol sulphonic acid iﬂ an amount of 0.5 .

to 30 g/1. |

3. An electroplating bath as claimed in Claim _
30. 1 or Claim 2 in which there is also present a bfightening
amount of an aliphatic aldehyde brightener.



(b)- sulphurlc or fluorohoric acid in an amount of- 100 to 250 g/l, 20 (c) -4
an: aromati c anmine brightener in an anount of O. (

ald phatic al dehyde bri ghtener in an anount of ﬁ!@‘”ﬁﬂ‘]ﬂ“ﬂl“lﬂlu
‘pol yoxyal kyl ene ether in an anount of 12,1 to d ¢f) cre ‘.

phenol sul phonic acid in an anmount of 0.5 to 30 gll. 3 An electroplatlng
bath as ®ffained in aim30. 1 or aim2 in which there is al so present a

brightening amount of an aliphatic al dehyde bri ght ener . 12. 4. An
el ectroplating bath as clainmed in laim3, in mhlch the said aliphatic
al dehyde brightener is formal dehyde. 5. . An el ectroplating

bath as clainmed in anyoné ofAmh@hﬂﬁ&ﬁﬂﬂlﬁfkﬂQubﬁﬁhrﬁ%Wﬁ%#F@%@ o nF bR
surfactant is agpoly &'éﬁK't%e liheTa1 fon i ! Srddiopdéth PogReéResis! ai ned

in claim10. 57'n e pol yoxyal kyl ene ether i’s polyoxyethylene
Iauryl et her. 7fQKmaél i3%pl ati ng bath as clained in anyone of the
preceding clainms in which the said aromatic 15. amne brightener is

o-chloroani LLine. 8. An electro i.med_in,an e,of _the
' preceding ckal ms in whiclPet hé‘“’g %%ﬁﬁ ’-i’a]trqr'l}:*%g ot %ﬁ‘?bﬁ% in anydne
- of the preceding claims in whlch the nonionic surfactant

is a polyoxyalkylene ether.

6. -An electroplating bath as claimed in claim
10. 5 in which the polyoxyalkylene ether is polyoxyethylene
lauryl ether. '

7. An electroplating bath as claimed in anyone
of the preceding claims in which the said aromatic
215, amine'bfightener.is o-chloroaniline.

8. An electroplating bath as claimed in anyone
of the §receding claims in which the divalent tin is
_ stannous sulphate. |
20.
- 9. An electroplating bath as claimed in anyone
of the preceding claims in which the acid is sulphuric
! “acid.

25. 10. An electrqglating bath for the deposition
of bright, metallic tin-on substrates Whibh comprises:
(a). stannous sulphate in an amount of 5 to
50 g/1, _ ' ' '
_ (b) sulphuric acid in an amount of 100 to
30. 250 g/1, ' '



An e | ath as clainmed in anyone of the precedlng cl ai ms -

mhlch the acid |s sulphurlc acid. 25. 10. An electropl ating \J
bath for n of bright, metallic tin on substrates which
conpr i seﬂ!ﬂm s sul phat®.in an amount of 5 to 50 g/l, (b) sulphuric
acid in 100 to 30 250 g/, 13 (c) o- chloroanlllne dp an

anount of 0.3 to_15 g/l, (d) formalin in an amount of 0.5 to 11 g/ (e)
pol yoxyet hyl ene | auryl ether in an amount 5. of 0.1 to 20 g/l, and (f) a
cresol sul phonic acid in an anpbunt of 0.5 to 30 g/I 11. An electroplating
bath as clained in anyone 10. of; the precedin n_whi ch the aromatic
sul phoni ¢ acid ccfrﬁ?rl Sehloreanili Betd| 2R uf ﬂ ggcpdé &P mi xtures
t hereof 1514/1 ,An el ectropl ating bath as claimed in C|a|n115 11 in which
the aromatic SU|QEﬁnJC aci S p-cresol sul ph 13.,.An

a

ﬁnbc ag 1
el ectroplating b as ’i‘rh 30 BRRIRE PheC pP eERdM g I i ms whi ch al so
contains as an al(edyi mpRfoxystlaf lenppbaunylrétbenninr an amoumte t her eof .

14. 5An gkegt.ﬁ_og_l a@&gg}?t Ilu?é; clained in daim
(£) a cresol sulphonic acid in an amount of
0.5 to 30 g/1.

"

"W

_ 11. An electroplating bath as clalmed in anyone
10. of the preceding claims in which the aromatic sulphonic
acid comprises cresol or phenol sulphonic acids or
mixtures thereof.

) 12. An electroplating bath as claimed in Claim
15. 11 in which the .aromatic sulphonic acid is o-cresol -
sulphonic acid.

13. An electroplating bath as claimed in anyone
of the preceding claims which also contains as an alloying
20. metal copper or rhodium or a mixture thereof.

14. An electroplating bath ds claimed in Claim
13 in which the alloying metal is in the form of its n
sulphate salt. '

25.

15. An electroplating bath as claimed in Claim
1 substantially as specifically described herein with
reference to anyone of Examples I, IIA, IIB, III ar
IVA.
30.

16. A method for the deposition of bright



13 in'which the alloying netal is in the formof its sulphate salt. 25. 15.
An: el ectroplating bath as claimed in Claim1 sub peC|f|caIIy
déscribed hereinwith reference to anyone of EX&HI“N"M'““MI 11
"1VA. 30. 16. A method for the deposition gfg pright= ¢ 14, 'hetsalllc t|
al | oys. tin and copper and/or rhodi um on- ‘a substrate whi ch conpri ses

el ectroptdting the said substrate in the plating bath as clainmed in anyone
of claims 1 to 15 for a period of tlne sufficient to formthe desired

el-ect rodep03| t on the substrate. A nethod as claimed in Caimi16
slib- stantially a¥espbldct tim Wﬁ@é&’ﬁr?%ééntﬁ}depﬁpmrt ﬁn‘i"/ﬁreF t¥ anyone~-
of Exanples I, |1A, shbBtrateViahith cmnp&isad:s;tefbé@tmsmwmg provided with a

bright el ectrod t 7. Th
D11 G el st odengny! ol TBHINARS 8l BIP LI ASUAIE 1 Elptid in e
~applicants origi nanhyongeodr |q1aims| il ey Iorfiot ra périvd ned dobme sswhftbient
difficult to readto -Eg%morth%' I tihr%%clré g‘%&%ﬂ r]&ltggée @gg@ﬁg@gt S may’

be inspected on the prem ses 0 at ent

. - - 17. A method as claimed in Claim 16 sub-
i stant:.ally as specifically described here:.n with
reference to anyone of Examples I, IIA, IIB or IVA.

18. A substrate whenever provided with a
" bright electrodeposit by a method as claimed in
Claim 16 or claim 17.
l'ue text of the ap.uﬂcsuon has been reproduced by photocom:i.ng the applicants original

typesczipt. It may contsin a few anendments which are difficult to read. The oxiginal
typescript ccnta::nﬁ.ng these amendments may be inspected on the presises of the Patent Office
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