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invention relates to high purity sulfonic acids and

their use in electrochem cal processes, nethods for

pre [ i ' | f

or cEapHEURAF D LR G FELEPPOREA RO oL s

acid solutions, and products forned by using such

met hods and sol utions. PRIOR ART [0021 El ectrochem cal

processes may._ cQ tes to inpart

conduct|V|ty ' AND Ak 2 HPNY vol tage, aid

the dissolution of netal (e.g., formation of netal

FHHJ)QEQ}H%HNXEhﬂjQﬁiaI oxi des (e. g , descaling), aid in the

positian of netals from aqueoys .solutions (e.qg.,
[001] g‘ﬁ%ezqusﬁéﬁwﬂppéﬂytes forfielayt sulfwig apids @%a@yﬁ\sﬁ@gi s
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elecﬁochégﬁlgﬁlrﬂgggéé%%serﬁ}eggld%’gﬁ" g? &)taﬂﬁﬁ’t‘él%\él lgiglé i %@glrs] ClggﬁH8§ P Breparing
high purity @hatalt subfonete arstlfdrsc said bolagoisi ol produdte fodmed bP@Bing such

methods %EEHE are many acids that may be used in the above

WiePf-ons such as sulfuric, nitric, phosphoric,
sul fam c, and hydrochloric acid as wel |l as phosphoni c
and sul foni c acids. ThERIGRARE® of the acids is very
dependent upon the application and the purity of the

[002] Echaocfmmcal@tmﬁé mayyrapigEhic plectaelytes tasi qopdnetityyand
thus 10W€Pﬁ1%qe{11 req{evc’ogﬁkg, aicfltrnrtﬁéj&s&%ﬁ)ql JhahSe S(t %u %mtn?at ol metal salts) and
propénsity Tor pi |

Ing corrosion In
metal oxidusl (&g, ides@ding), bl indtic d¥pbdtionstaicials frdre aqueous solutions (e.g.,

electrodep05|t|on of silver or_|ead- base al | oys d

electrodenagitione andaay Poegd &t thesys es& %fcqo'g ‘g’c"ed’rﬁ’ YRers growlée proton
conductiof@hf i in [)cheﬂes 108880 ﬁfeﬁhébﬁlﬂoﬁ' %ﬁ@gdlyatﬁﬁvcﬁfrﬁétalg %@(glec% 72 and lead.

purities of acids an choice of grade is often
agaln dependent upon the industrial application. For

nple, sulfuric acid nmay be purchased as technlcgl
[003] ”gfh%re@le Penyerids fiebway bensin i eémgﬁ apflicgipps such as sulfuric,

nitric, pha G6RE ls&l%tflfezg%&d%r 1or RN &l a ﬁQ%&%#Jﬁlﬁﬁﬁtamds The

urrtres a ore not US
choice of Eﬁ_ee&idsad epysicpemient lﬂﬁ)lnliha apdicaisorr &gfuithe porifyroftieeacid. For

roel ectragnic fiel 1 .
example, H}l«fro }ﬁorelc aci r1]s not typ%caqu used to descale ferrous-based metals due to its
propensity for pitting corrosion in the metal. Sulfuric acid is not often used in the
electrodeposition of silver or lead-based alloys due to the likelihood of metal precipitation in this

acid.

[004]  There are also usually several grades or purities of acids and the choice of grade is
often again dependent upon the industrial application. For example, sulfuric acid may be
purchased as technical grade, reagent grade, electronic grade and microelectronic grade.
Technical grade has the most impurities and is therefore not used in metal electrodeposition

solutions as required in the microelectronic field.
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sul foni c acids, including al kane sul fonic acids, have
w@aionaadisaccept ance in  many commerci al appl i capCDHS20du@12887

in large part to (a) their ability to solubilize

metals that are insoluble in acids such as sulfuric

cid, are _typically ngn-corroding, acids |ike, )
[005] ra%ﬁe?f&% FYEoTRC agifs, ingluding alk@%%ﬂ%@ica?@mshwgamd AFegptagce in
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insoluble Addéitls srvhlas pulfunipacd,emetypialln ned-ectrodipg atidn fkshydibédade, (b)
) and techni gues. have. be de a) to neet_jncreased

being red s S SRS A AR PSS o0, HEDE b HAcR  low to

moderate YAIRTd B RodVeSipedangef.fi cult  circunstances. [007] Most

i nprovenents focused on the use of organic additives
such as suppressor additives, accelerator additives
[006] %t#@éﬁ#,g%?&%én%%g%}eacagg !té{;]gg, é’&lg’c@g}%o ?«%ﬁ:ﬁilﬁggsh}?ave been made
(2) to medt FXOMCHBRMSart § | PRA I ARE Ab) tDBe BHRGE PEESunder more highly difficult
. ci rcunstances nmay exist thHat can lead to plating
circumstagedsect s due to i nadequate coverage in recess areas
such as in the vias or trenches or through-holes in
el ectroni c devices, poor corrosion resistance of the
[007]  deRoshp@dembit &ouséDén theGBe af sresdid HaditiSés RS ad QPtdgor
.. to cracking in the netal coating or _a rough, _
addltwesacaéﬁ?@atqr@ﬂgvlvaﬁmdclémlml addifiwpoaid the fike gceolzg}éméh@ desirgd results.
occur as a result of an inbal ance of the organic
additives intended to obtain the desired netallic
[008] chatevagevdDO8h thY meprotdagenusiafeldctrbpibitihd p@cedesyaityumimes may
| ectrodepgsition electrolytes i s dependent upon the

. e
exist that ganslepd A 2B1RE fHECts gt iBadiganie cougasparesestigry §ich pen the
vias or trealgill{stug-tm%ag@meggn BeERd L BvRles, 1&%3 'c%ﬂréfﬁon Q40 {)ftlhg Feposited

nown-in the 1 ndustry that avi ng typica
metal, toodzpleatessdilat siress deadaigtp npckingdetlermattal contipg onativghy e

syuch as those, used .i.n aci copper, nickel obal.t . and
commerciff1g o@Sen PR ABOSE Tibs? fiethr S PRE Gons S SrSiik af & ypatgi of the
organic additdsGhteAdqEGlobAh kR dekingd ABEIIY eh@yd. as and ot her

difficult-to- plate electronic features such as

t hrough-holes in printed circuit boards is possible.

01 Typi cal. accel erat or. qr br,j ghtener, additives
0091 e B B PRt SR Y L BBendent
upon the brggidoRinl of thé bipanic a@ﬂtﬁv@é,tpﬁﬁﬁﬁl&rlgttl%@lﬁﬁ-@oﬁaﬁiﬁige@%l@fator

.. weight of about 1500 or [less.
additive.

[0010] It is well known in the industry that by having typical low valent sulfur-containing
accelerator type additive such as those used in acid copper, nickel, cobalt and iron solutions,
uniform plating of particularly low to high aspect ratio vias and microvias and other difficult-to-

plate electronic features such as through-holes in printed circuit boards is possible.

[0011] Typical accelerator or brightener additives contain one or more low valent sulfur

atoms, and typically without any nitrogen atoms and a molecular weight of about 1500 or less.
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| ow-val ent sul fur accel erator or brightener deconposes
wWao eooufipiesd t he desired effects. [0012] HowevePCT/US2004/012887

conbi nati ons of various |owvalent sulfur conpounds is
typically unwanted due to conpetitive interactions at
the surface of the work piece. [0013] Therefore, it

In all cassgotiedowealtas sulfits lhecelaaton o hrightensedecomnenes tatmpnart die dasied

off: want ed | owval ent sulfur additive in narrow ranges,

ects. . . . ) ;
often in the mlligramper liter range, and to avoid
the interaction with unwanted | ow val ent sul fur
npurity nol ecules fromthe acid make-up sol ution.
[0012] me?r Tombipriohresii wriohs borvalent Eup epmpewsls sutsipically unwanted

e toco R R SSRGS, 2o

co-workers in Synthetic Metals showed aniline
pol yneri zation in the presence of dodecyl benzesul fonic
[0013] dbewfexhi bicukbbgdesrableltecontraldhe ccnrm@mr:ntiori ¢fythe Doamitenl Iow-valent
nd co-workers in nthetil tals, dledth

sulfur adgiye SHOTSY TopssPy GHPR (REDS PLEBRUPTOHIE JApE ridgto avoid the
mteractloﬁ‘ W?ﬁfll WE&@E@%I&@ kd1aRigpaGiydndbléonad thdhadid th®e-up solution.
fonic acid aids in the solvation of the conductive
polyner in organic nmedia. There was no nention of the

ooter - RRbuo gl e B Pt b bRl o o

acids to nﬁ @&faabﬁmmwdgh\p@&oﬂienoﬁ@gemabpmdzdwoﬂ&mnwﬁ@ﬁ@ Metals
ectroplating solution to inpart brightness to the

showed mmhngpold@q@@séttton id dleg prasrace h%dﬁejéb@lzwgfmma%@mbﬂed good

electrical c?{&itélfpf %tyn g ogiélggta?xg h%voixp L 9D Sﬁrhééjiézci\g&% I %dl%fg ﬂtle I111‘c1}es1s of

polyanilirRRRQI6RIEE coft@dify] no'ﬁlyﬁlapl(ﬁmeﬁd ulfonicaicid hel fadad thavﬁfé sulfonic
used in the electroplating saolution is deﬁendent upon

acid aids jorBe sriggtioacpiies eandugiae nedymendpaigspic med igre A BFLgIWAS 1O mentlon of
the punty%‘i‘.i%etéuﬁgﬁmf ?fd IB8 SR @hqi&l ectropl ating baths may
ontal n sul noi eti es as described by Lowenheimin
I\/bdern El ectroplating, 3rd Ed. Cass 1 brighteners

reduce the grain size of the netal coating but also )
[0015] Dueiog phsr edeetredepeition obpigkal, irgn asbgobatp additivgs may peemployed in
the aqueoug] eltegt?caﬁﬁé{gﬁ%g&{brng% 151%%% 'rbggl;t%%%sstb Sﬁ% g}e )} I‘zigg& dE&r?A‘sglthe stress

in the me@Ec@tmg cinogesd the tbosidie plojectius bf thetunderiyiaj Bulsstiatesat! th uchieve a
in the deposit. The nickel electrolyte is fornulated

desired esthgHip 2pPRRFANCRe additi ves do not contain reduci bl e
sul fur conpounds that nay eventually be co-deposited
in the nickel. The top nickel layer of the dupl ex

[0016] The composition of the additives used in the electroplating solution is dependent upon

the desired metal coating. However, in general, additives for these metal electroplating baths

may contain sulfur moieties as described by Lowenheim in Modern Electroplating 3" Ed. Class
1 brighteners reduce the grain size of the metal coating but also incorporate a small, about
0.03%, amount of sulfur. In the corrosion protection of steel, a duplex nickel coating is required
whereby the underlying nickel (e.g., close to the steel) must not contain any sulfur in the deposit.
The nickel electrolyte is formulated such that the additives do not contain reducible sulfur

compounds that may eventually be co-deposited in the nickel. The top nickel layer of the duplex
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anounts of sulfur and corrodes preferentially conpared
wao eosthersender | yi ng sul fur- free nickel coati ngPCT/US2004/012887

Bodnevas and Zahavi in Plating and Surface Finishing,

(Dec. 1994, pg. 75) showed the effects of

_sul fur-beari ng1 additives on the internal stress of
contains fpalk amowalp of selfuriand coriedey prefeattishy spmaaietl te thenprslerlying sulfur-
el C and, e t h
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esul t ant. st ss,in t t he brightness ..
scids such i &% s BVPE reGked R oS (PR DG GMRRar bf Bslihood of
sulfur indoBSSkdtlon! McABRATiddifAChnkI9Wh S ABKBnD itk RkuleRREBGSn the Elepos1t the
use in aerospace applications, from sulfanmate-based

brightness of treinasiallic neatingland the @mm@@@m@d in the coating
even if using a conventional sulfur-bearing stress
reduci ng agent such as 1, 3,5, naphthal enetrisul fonic

[0017] &€ Hépdsﬁ@)lowlsﬁeﬂlh&kel BoHtings, fhiassean agsbphat hpplicatiadse frofn
+6 and i s not eaS|Iy reduced,. However, reducipble
sulfamateshased; oleidpnsotmerdiuriiy C%ii@%‘,)éﬁ?d infhe eRSHIPE c¥en ¥ gamg agepyntional

sulfur—be%gr%g RletEle dﬁaﬁ% éi\]'t%h 1ot 169 §)§ rfagﬁtllgleﬁé{tfel%1 lﬂ)%ﬁ)coﬁ{ {1 I(Igf'g) In NTS,

sequent | a th&’stress in t
sulfur hasrinckedatde poss d)f +q 2018 Jnofl é‘&Bllﬁ yaulubek i Sovedves ubdwible saltﬁiuds

e conpl ex an ever und SI abl e | tie
compoungig HEtEseB PN Ipure ARG TR, WY P (b STy Sl R RelEpbsit and

consequegﬂwﬁfy Al {HeQBredsn WIRd MGtaBLY diQRL ae@@ﬁ ds in
el eCtrochem cal processes. Sul fonic acids nay be nade

via the oxidation of the correspondlng thiol, by

hydrol ysi.s of al kanesul f on hal i de,
(00181 de crpderis of suftnie rﬂﬂcﬁ 3 P ORI %Cﬁgeverwﬂdﬁilra@ée impurities
may be PrE¥nfls thePfe H@(ﬁ%ul%ﬁi& '2191613 h@a}dgli;gogﬁﬁifﬁéhlﬁés Y 4504 3é§1f§n1§:/ acids in

reaction and thus must prior to use
electrochetmwal\aabeﬁsess ublfomic arighoumay desuxde as tieudAfidatiofl df) the corresponding

thiol, by r@la/ps %@\gka(@fﬁlﬂlfgﬁﬁg?ﬁlfi\ég‘lfr nt tgg &B&%@B lgFIC u ltﬁ}‘?‘ldlssﬁﬁhde Narious

impuritied %f’da&cilb@ be BAGE AGBnPHIES BR{datith bR Qlyéfﬂl}ts‘i’ﬁ kdacB6n GndBYus must be
uce a stench or odor, interfere wth the ongoin

removed El‘l@ttor@@h eMﬁ@BalOVp wd@efs@ﬂﬁlr campeyndstiach phaplfysra mtsu?ﬁlr dv) or
higher vale%) 11%%ur mo F(élﬁﬁsg %& hAs s%?fﬁ]r k‘ylg c%gm%%{n%sethg ellrfe %ESC%BHH%‘{Q quuctlon

I an aci
and are present in the sulfonic a01d may produce a stench or odor, interfere with the ongoing

electrochemical process or alter the final product.

[0019] Low valent or easily reducible sulfur compounds in an acidic medium may also
produce an undesired sulfur stench. This stench comes from the formation of minute amounts of
hydrogen sulfide, dimethylsulfide or sulfur dioxide. These materials are unwanted and

dangerous during electrochemical processes.



produce an undesired sul fur stench. This stench cones
fromthe formation of m nute anounts of hydrogen
wa@ eioftitasso di met hyl sul fi de or sul fur dioxide. TPEBES2004/012887
materials are unwanted and dangerous during
el ectrochem cal processes. 4 WO 2004/ 101860
PCT/ US2004/ 012887 [0020] It thus would be desirable
to have new el ectrochem cal conpositions based on high
' [ i ds t I icul ar.l. -
o020) - G X DOLSAR. o tnl U CoRRRALA LOHRE s vy on i
purity sulfoaic hadef ewhild bt patisedripwdedirabibs @l Imvehestsuifbgicraetucimygpsitions
capabi lities such a? tin, zinc and iran, wthout, . :
that can b eFlepivslEdeP BRI ORE TGS EAB I BHigt 1ushan tiphgine and iron
without d@fé'i%lo_u@ lef gisysql%]é AeRBShd delel inCARPAS] bP E)%lﬁl%i” &pBSit.  Such
used in electrodeposition, batteries, conduactive
compositipnd yondd deansdd de elsctaddepgpitiap platteddsi omslucHuVIRMeGFantHie-scaling
. .. I NVENTI ON [ 0021] The invention provi des aqueous
applicatiogyy| ytj ons for use in an el ectrochenical process. The
solution is conprises of a sulfonic acid and | ow
concentrations of [owvalent sulfur (I1) conpounds
and hi gher-val ent _sul fur (I conpounds that are
suscepti bl e to r SAMMAIRY ANHTHEIN VENEIQNpabl e of
produci ng an unwant ed odor during makeup and use and

desirable effects durin | ectrolysis. [0022
0021)  EBsBien bRV 6 et WUUHS THvGR(T o i SBIH Profess. The
solution iPEREHERE ST h Batordd £id Ald BRehntonti®iBhs ofMBHey Bt isBIEGNTT)
requi renents in electrodeposition of electronic

compoundsi andUiigler-velsntindfur (1&) sompaerds thatlsze susesnsibledipdeduction and that
escal | ng work. 2 he conpositions of th
ar capabfe SRt B ePlatyet R o g BRRRP et Ayt s

duﬂngek@ﬁob@heaning a scaled netal surface or for use as acid
el ectrolytes in batteries or during the synthesis of
conductive polynmers. DETAILED DI SCRI PTI ON OF THE
| NVENTI ON [ 0024] Conpositions of the invention
[0022] Eainpabitigntofithepresent snvehiben ercacely! i nrhcegsasaht are tailored to meet
. concent.ration. of reduc 0 e Cj
more stin G QLGP jn o IRSSHpRF sREROY BTt B dtmers,

batteries sddrdeg@lihpevoridi ssol ution of a netal or interfere with
the el ectrolysis process.

[0023] The compositions of the inverntion are useful for depositing a metal, modifying or
cleaning a scaled metal surface or for use as acid electrolytes in batteries or during the synthesis

of conductive polymers.

DETAILED DISCRIPTION OF THE INVENTION

[0024] Compositions of the invention suitably contain a sulfonic acid with a low concentration
of reduced or easily reducible sulfur species that have the ability to produce an odor during the

dissolution of a metal or interfere with the electrolysis process.
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been found that conpositions of high purity sulfonic
wa@ceiodap1semi ch when enpl oyed in el ectrochem caPCT/US2004/012887

processes, produce no odor during make-up and use and

commercially acceptable netal deposits, cleaned netal

surfaces and pol yner coatings are obtained. [00261

This invention focuses on the unexpected superiority

[0025] Z‘n{ @g%g’g@%h&g‘gﬁj tél?t g@)ﬁé&ggigﬁplgﬁ _!pgli?'tyl sﬂlfonic acids, which when
employedSh@LdcirodeRRBhL profbssddahro@iidedRy 0 doP AHYES In¥Re-BP WY A BEeSandand
descal ing. [0027] The sulfonic acids used in this
commerciapy @?\quéa?ﬁ)lfhﬁl@@l Henosits wlsened metabsisfages anslchadpdersuohfings are
Obta]-_nedconpounds or sul fur conpounds in high oxidation states
‘that are susceptible to reduction, that are capable
of produci ng an undesirabl e odor during use, during
make-up of netal -sulfonate salts. These undesirable

[0026] ITAW MPdRRN foslsEdbn BRIRBHRERI %P}F‘e;ﬂrﬁ? oﬁmgg Rhirity sulfonic

o gr oducing rough or comercia unacceptab
acids in elgrleegheudeq) psddessep sadips él cleetopdephsetiomthaltersas] ¢odattevesallymers
and descaﬁﬁ%u“ ons. If present in sufficiently high enough
concentration, the |ow val ent sul fur conpound may be
incorporated into the netallic coating and thus alter
the corrosion protection of the nmetals. The |ow

[0027] Y8 sforgdhdigs uéé@?ﬂ?ﬁﬁé"gﬁerﬂﬁ% 183l8 vl BEREAGL LT fbéih&% sulfur

ol ymeri zation of organic nononers to ftormconductive

compoungsoinyspps corpo@@dy irshikh oxidetieritatesthat e shyrepiibloto tetaction, that

i nyention are characterized in significant rt
are capab g YR g e ey e ol Pt GG e B e bttonate
salts. Thes® MRGIsRABleA6wSHlchtisul e BRAPAESIS bt AsddHARE of Broddeihl 8Hugh or
state that are susceptible to reduction by an active

commerciglly gpacgppt@b],eie}ﬁgtr@qiwi,twrygm@d.tf@m Hw metal nalg |sqﬂg golutions. If
s SRRSO PLIA TR BASOL P48 50

incorporatefl itthehgmetdiid cdating atd thos hitarehacdratsiin proeoit@néftas ivetls. The
1 of {educed syl fur .conpounds. | ess than. about 50
ow valeni U CRPORRSAnE AFRIIEBIF Rith ShedtoTBERASAD O pEgRcaongumers to

form conduB@¥d pdigserd han 5 my/liter, still nore preferably at
least  less than 1 ng/liter. 6 WO 2004/ 101860

PCT/ US2004/ 012887
[0028]  Sulfonic acid electrolytes of the invention are characterized in significant part by

comprising a low concentration of reduced sulfur compounds or sulfur compounds in a higher
oxidation state that are susceptible to reduction by an active metal or during electrolysis to low

valent sulfur compounds (odor-causing impurities) such as sulfides.

[0029] In particular, preferred high purity solutions of the present invention have a total
concentration of reduced sulfur compounds less than about 50 mg/liter, more preferably a total

concentration of at least less than 5 mg/liter, still more preferably at least less than 1 mg/liter.



[0030] In addition, other compounds may be used with
the high purity sulfonic acid solutions of the
w@e@3ansed nventi on, such as netal salts of thePGINUSING/€12887
acid or other inorganic or organic netal salts,
plating addi tives such as grain refiners, |evelers,
ccel.erators, conductivity salts, buffers chelatlng
[0030] 35 e’iﬁfigm{ G@Qﬁf"mﬂ%‘l@élm%’n’%’/@c used; Widh gpe Lxghémrﬁso EWHE9THR acid
solutions"&Y 1R FRs&GONhAHioRX klnZ 4 heBIEAKS of ' %ﬁ%ﬁﬂﬂic QLE T Sother
sequestering agents, surfactants, enu yi ng agents,
inorganiovios cwgartly mefdi falex splativet adchgvesagtmht 8y graibrieCimntss, 1evelers

soaps .,and.a ent.. . The c i ce of additional
accelemt%lau‘?qnfi@'gémgrsag%?’Pby FSs fliclatigg ge %nt upon the operation
of choi ce such as el ectrodeposition, descaling,
organi ¢ nononer polynerization, energy storage
[0031] d&hweisaEsniandidyoRthiy @veitidnigayedlayventanpelditsg aganys, belucing
used to effective the desifred result, [0032] The
agents, SGRGHRAINDASAISs Sufentafts Sugsikypng %ﬁea@uzﬂsp(b%wéﬂoqlr@?ré; wetting
agents, Iu%ﬁk%rﬁs 43 eﬂ%%lﬁréecom%np ufﬁet ShoRtidld gﬁ]éhg ?aﬁ%'d@mvg@&%uffers is
oriat es sol utions nay be produce roma vari et
dependenpruporgbespsutinn af dhoese ®ick atsrdeadiodsisitian rdesrfahag,nmtgamc

nt.o the hig uri ul fonic Cld di t|on
monomen, Byl pU SR n e slatig ekl o BUKUre oF T8, Hiif Hpbouncs
nmybeu§@hb%ﬂk&ggﬁﬁéd&h@dqamgnt|on al so includes articles of
manuf act ure enpl oyi ng sulfonic acids of this
i nvention, |nclud|ng el ectroni ¢ packagi ng devi ces such

[0032] alshe rfnvené glﬁt{eg tobt%? %{g?tﬁﬁhc?firrggglpsaltgﬁgﬂé oy high purity sulfonic

acid. Metm @ﬂ&iﬁaﬁb@soﬁﬂh@ﬁi manbe proEabddieord awiatiey ofiprecessel/Eddh as the
devices) and the |ike, batteries such_as zinc-hal ogen,

electro-disjobgtiqnegfranasipbiato e dighanaiy sHiopirsasid, désrelugon of wrrigye metal
oxides, cgﬁ?{ﬂa?&soro?l%@%él'séiﬁs pol yners such as pol yani | ine and
ypyrrole, “zinc galvanized steel, tin-plated stee
autonDblle parts, aerospace parts and ot her articles
.manufacturing, using the sulfonic acids descri bed .
0033) - {thefeBtipRghiindies fughapt rathe it Sulbriesilieh Pel%s of this
1nvent1onaﬁl!cﬂ§ln%f el&ﬁﬁmﬂ! ORRMYing MUEREL sdh B inRR1 AR ¥O8MIs ek BRY
th I mpure sul fonlc acid is first treated to renove
modules, shelcpowom intepraged direnitsmhesbuliend-clpptranigiaghing defiises (i.e., MEMS

devices) ?{Jﬁgﬂ%ﬁk% E)@{‘/cgrg%scs%l !asdzr}% nlhﬁﬁ%)(%edl %fn? ganz%gagnée tand Igerxll}cafhuré Based
energy stéfakeeaies, condubtg folenas bidhnk @oBahilinsiahd pblpyexlediiad ng
at tenperatures between 25C to about 95C for a

galvanized gtoe). éingileied pigel, pEoRIGRiN pATES, doTPees PAFISCRItsy @rtiales of
manufactﬁ%ﬁgﬁ%ﬁ%ﬂe%ﬁlf&ﬁ@ Llﬁg\’dé’sﬁhﬁéﬁ i tﬁl'él \}éhn&?npounds to the

tate sul ur conp tionally, one may
heat the sulfonic

[0034] The high purity sulfonic acids of the present invention may be prepared whereby the
impure sulfonic acid is first treated to remove the low-valent sulfur molecules by adding to the
impure sulfonic acid an oxidizing agent to increase the valency of the impurity or low valent

sulfur molecules, mixing the sulfonic acid with the oxidizing at temperatures between 25°C to
about 95°C for a sufficient time to complete or nearly complete the oxidation of the low valent

sulfur compounds to the higher-state sulfur compounds. Optionally, one may heat the sulfonic



7 WO 2004/ 101860 PCT/ US2004/ 012887 acid to el evated
tenperatures to renove or destroy any residua
wo@zoodilaisng agent, and optionally, adding actiRer/@82004/012887
carbon powder to renove residual inpurities remaining
in the sulfonic acid. [00351 Many different oxidizing
may be used such as hydrog peroxide, nitric

acid to el 12 tem}a%rﬁ%?ﬁgta REREVS TS ERY HEVEU sEhANg At @toptionally,
[
adding acg?ﬁgcﬂ) 8%9%% E%!V{i%ttg rzﬁ%e??%ﬁ@% ?mgﬁlétgatrs 6%’1%%&11@ ﬁ%é)gdlfb?uc acid.
[0036] Sulfonic acids used in this invention contaln

inpurities such as |ow valent sulfur (I1) or sulfur
[0035] Mau)/ délderpahmddiziog agenth oy balusest suships bydrpgen p@‘@mﬁ@umi@ acid,
permangag%tg rl%ngétg af ﬁl)'lc? gleﬁf%g%}%pc%&{ggts En%%gﬁetrlg}g%%t?tg, an ac}{leous solution of

chlorine, 6k dMedlbengt lafsengion OFid S&¥bekidic dtgybe reduced to sul fur
di oxi de, SO2, or diinethylsulfide (DV5S), CH3SCH3. The

oxidation state of sulfur in DMBO2 is six whereas in

[0036] I§t8%cl)nsi§ H%i&%ﬁsem@s g}@g&g@%ﬁ% \%ﬁ@%h&:ﬁ g@é}ﬁ%sﬁﬁ%gﬁllén'ﬂ R (1) or

sulfur (IVS ubhpaownds oy hihedr ealaitlshifio (V) ceampdunys thay aleeuscegtilsle do redyiction

I I he [ '
and may (PSSR S AETBy B 0T SRl RO O 0 Eagmasbe
reduced t@XIHRGIRXNES Bk, Sor c{n%@?r&isulﬂaé (ﬁ)w{é)oaﬁgs@ﬁg dTHcS@ﬂdéﬁbnt s@até of

I nvention are charactérized in l'arge part as an al kyl
sulfur in IpliS6k ud fivnihereas ind$ Oarsubilikip lin felyew! dxadation gtatclarolindiMS it is

y pql.ysul f.oni c g th w .
two. MM CEERORGY St s B G B n g sp B CYPgrsiy b reduced
by metals @@ 6RO IS A yab GirhéthyidtuERE, @3;SRBO:), Rtherets both sulfurs are now
(S2OH)y R b wherein atb+ct+y equals 4, R R and R
in the +twaraxidaiien sifee or different and each |ndependently may
be hydrogen, phenyl, d, F, Br, I, CF3 or a | ower
al kyl group such as (CH2)n where n is froml to 23

[0037] ‘@helsulfomic dcsd useslib ik invieatioroare shld:tacttémzﬁdad lzbge paty gsaa:n alkyl
rred

d., F, Br, 1|, The
monosulfgif pej & Al ae SO ERA B DA H%O@O ceehlalint srien

concentraﬁ&%%‘i‘&ﬁié&ﬁ BPL&i1¢edRIbIE AR CEMBEERY 2Bl k¥ introduced as:
pol ysul foni ¢ aci ds are net hanedi sul fonic acid, nono

chl or onet hanedi sul f oni ¢ B&i d,
di chl or omret hanedi sul foni ¢ acid, 1, 1-ethanedi sul fonic

aci d, Ra — C — (SO,0H)y

|
R’b

wherein a+b+cty equals 4; R, R” and R” are the same or different and each independently may
be hydrogen, phenyl, Cl, F, Br, I, CF3 or a lower alkyl group such as (CHz)n where n is from 1 to
23 and that is unsubstituted or substituted by oxygen, Cl, F, Br, I, CF3, -SO,OH.

[0038] The preferred alkyl sulfonic acids are methanesulfonic, ethanesulfonic and
propanesulfonic acids; the preferred alkyl polysulfonic acids are methanedisulfonic acid,
monochloromethanedisulfonic acid, dichloromethanedisulfonic acid, 1,1-ethanedisulfonic acid,

2-chloro-1,1-ethanedisulfonic acid, 1,2-dichloro-1,1-ethanedisulfonic acid, 1,1-propanedisulfonic



2-chl oro-1, 1- et hanedi sul foni ¢ aci d,
1, 2-di chl oro-1, 1- et hanedi sul foni c aci d,
wa 2d4pospanedi sul fonic 8 WO 2004/ 101860 PCT/US2004/012887
PCT/ US2004/ 012887 aci d,
3-chl oro-1, 1- propanedi sul f oni ¢ acid 1, 2- ethylene

di sul fonic acid, 1, 3-propylen fonic acid
acid, 3-chigrp iy LiBoRaRGSBIcISI é%@h}dﬂ%@ w%nh E-PERAYpne disulfonic

acid, trlﬂtﬂ)?ﬁlfe{ﬂdﬁésg%{%@Q@ﬁut)&tgﬁ]és LBk gmdﬁ;?%ﬂ\?&%ﬁ@tﬁﬁ Wb eRiagid, and

erre ary onic acids are
pentanesuﬂﬂ)em}dcsi,l Iaﬁd)meqa;refphed] alys sulfocmm xids quapbertybulfonies phdnobsiutfpnic,
| enesul f oni % acids; or .mxtyres thereof. [0039]
para‘tome?ﬁ%ﬂé’é B ERSSHIRmG 2488 QHXW‘??%‘ ncentration
range from|l ess than 1 g/l to 1480 g/l, nore
preferably, at a concentration of about 10 to about
[0039] Tbe s@fcamaqm@maly bt esecbfromcl qmwmratlsn ravige firpoy kess than 1 g/l to 1480

g/1, more ﬁrggeagbrlabl }égcp rsggr? gf {]bt 519 %(? & e}hom ‘Fdongrm%? %grz]éﬁ?ép Q%Sé)lutlon still

more prefSiabfy0Ri £cocksirasioh W oM fout BEtd MbeNsH0gramB YehRee ofsdtion.
that is between -2 to 13. [0041] The sulfonic acid of

the invention may be an aqueous sol ution wherein the
0
ousol 365 SariRLISA O3, LM bR 01 el g 1
above, electroplating solutions, batteries and
ng.fornulatigns of . the inventiqn are

de-scal i
[0041]  hhg wlfqalpva%q@o%tﬁlﬁ RERYRN M3y LB PRBAYGORS AfuleR PhercHeig agid
solution 1§éi kit Jf'ansulfﬂhl‘é lﬁ@ild witlRB@kL inor ggﬁférbr ofdate A, nor e
e netal s such as copper an [vet without the
productlon of an unwanted odor. [0043] Pure sul fonic
ci,d or ul fon te S ns of t ent
0042) &8 bS] ol e ieHlitin b, RaRul s GersBii ik ofRations of
the invent@&/h 26 bsktieh@AY bt in 9PlubiRRlsl A¢ti e MefalefucRgs Bgeiitkel, cobalt,
optionally plating bath additives generally referred
iron, zinc pd mre eabde Metplsayyehes conper gt vlver withewiihe produetion of an
puct|V|ty salts and the |ike, and optionally a
ogen ion. Mre particularly, electroplating
conp05|t|ons of the invention preferably contain a

salt of an alk or r |faonic acid of .this
[0043] PW@H{fP’é}ﬁ acid g mgtad s %IP%W ® utpﬂnéfog Fhenyention generplly comprise at

least one S%MQHI% QAIPE%Q?E%T&HO%e ﬁHxLefll?frH Hilfﬁﬁ?-xg aééﬂt U«Sﬁtﬂﬁ‘laﬂ‘% Eﬂmng

opt i ona ering age optional I'y plating
bath add1ta&ebs| |gbmarelisy @&nmdab lay lavelieg atgdtst origlgeriessy slppressoimgeantductivity

salts and tg hght a ,fs W?lg@ja&s%%{lﬁ%kzl{}ldf the, ﬁul%fxi gl,aec\g?@g%?g ﬁcér{x%%/smons

of the 111Vé°1ﬁ‘iohspré'@ﬁébEJ At a ntbtd1REt Sk ARYIOraey dulbEs heidl oftsis dvention;
hi s i nvention, the exact conposition is dependent

an electlolym; mraferablyensiactstic Aqueals seiwtion Such ps i SERmiprod soluiies with
optionally ahbufferlng agent, optionally plating bath additives generally referred to as leveling

unwanted oap

agents, brighteners, suppressors and the like, and optionally a halogen ion and the like.

[0044] A variety of metal salts may also be in the sulfonic acid electrolyte of this invention,
the exact composition is dependent upon the desired final metal finish and properties of the

metallic coating. Metal sulfonate salts selected from Group 1B, 2B, 3A, 3B, 4A, 4B, 5A, 5B,



netallic coating. Metal sulfonate salts selected from

Group 1B, 2B, 3A, 3B, 4A, 4B, 5A, 5B, 9 WO 2004/101860
weEIMWeReO4/ 012887 6B, 7B, 8B, |anthani de andrErusIvodel2887

nmetals of the periodic table and ammoni umion or

m xtures thereof nmay be used. [0045] Met al

| kanesul fonate ;salts_nay be enployed in the subject
6B, 7B, 8§ @eﬁ%ﬁegpﬂ Agfids PeiebTRE oIS e ke an PRURIR A G pImixtures
ﬂmﬁmfnﬁybgugg_the anionic portion of the netal salt, and any

ree acid are introduced as an al kyl or aryl sulfonic
aC|d having the fornula as above. The preferred al kyl

004s]  Sfieq Gfispediionsie e e B sRtoone it Hu A sBSlipelofiag wgutions
wherein tﬁ’é AkRRHIGHE @615 Bt HeShIniEshriBh @f the fhdtal-salt R4 8ly F8Eacid are

termnetal sulfonate in this invention includes netal s
introduced aglamvalisl oraryloyHoniveatial levingribe ﬁmnalﬁsasmbyveb dhs ereferredialkyl

. from&.oup |..B. 2B, 3 3B, 4A 5A5 6 B,
sutfonie agfd8 RN BPsifiie adis di Rfenitolie ity s goven et
methanes€sia@RiLe pabib@ady Mérl‘ed&ﬁet@l@mml umion or mxtures

t her eof . 0047] e netal salt of an al kyl or aryl
sul fonic acid usually has the fornula R'c MRa- C -
[0046] §%9€%e&§tglr§e@fglrﬂ¥g%§ ?fl$lélﬁ§lﬂg)ﬁl Mclﬁ %lg 611&881 g@%ﬁ }'/K/Ietals
and alloyineajﬂyel selgeed frpmailup 18] 2BF3A 333,,4A, ,4BCSA 6B, B (’IB 9nd 8B,
.,al kyl group suc where n is fron1l to 23 and
lanthanidg ﬁgi/ aqligIAGHRTIRS ?flli‘tpég“’dlﬁ Akl RS VPY AF ERmOYIgApgER migures
¢ F, Br, I, CF3, or -SQ20H. [0048] A netal sulfonate
salt may be suitably present in a relatively wde
oncentratlon range |n t he aqueous sul fonic acid of

e refer
00471 ZfiE sl P otk B Pt o ot iR, o
grans per liter to abow”:500 grans per liter of
plating solution, nore preferably at a concentration
of from about 20 to aboug 0_g | ter of
plating solution, still LMIr%e) preferag(?ﬁ)}g
concentration of from q{lgut 40 to about 175 grans per

thereo

' wherein a+b+cty equals 4,

R, R’ and R” are the same or different and each independently may be hydrogen, phenyl, Cl, F,
Br, I, CF3 or a Cy.9 alkyl group such as (CH)n where n is from 1 to 23 and that is unsubstituted
or substituted by oxygen, Cl, F, Br, I, CF3, or ~-SO,OH.

[0048] A metal sulfonate salt may be suitably present in a relatively wide concentration range
in the aqueous sulfonic acid of the invention. Preferably, a metal salt will be employed at a
concentration from about less than 1 grams per liter to about 500 grams per liter of plating
solution, more preferably at a concentration of from about 20 to about 300 grams per liter of
plating solution, still more preferably at a concentration of from about 40 to about 175 grams per

liter of plating solution.
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liter of plating solution. 10 WD 2004/ 101860
PCT/ US2004/ 012887 [0049] In addition, netal salts of
W@ ofabsss0 ni trate, sul fanmate, and chl ori de fr oPCTAIS2004/012887
1B, 2B, 3B, 4A, 4B, 5A, 513, 6B, 7B, 8B, | anthanide
and actinide netals of the periodic tabl e and amoni um

i.on m Xt u o be u
0491 i gafiio e pt PGReR Y. et HoSr AL e 1B, 2B,
3B, 4A, 44, ‘5At BBS6ROYB ZIB) @anﬂ%ﬁ&%%d ABfiGle lnetefl@&f tﬁé‘gen&hg &lble and
earth metals and al kaline earth netals. 051] The
ammoniued @ntorr ohiytueesithgreel may dembansedfin das awanhctm i ncrease
sol ution conductivity such as that needed in
efficient batteries and el ectrodeposition processes.
[0050] DhsfeRE®hRf atbiilnesiRahtes HashdsBof zmaRppaY, Alekels fdrifis, alkah
metal salt anion but nixtures of acids are al so withi
earth metply end ebplinoeartthngtalsi nvent i on. Aci ds such as sulfurlc,
hydrochl oric, sulfamc, acetic, propioinic,
phosphonic, tartartic, oxalic, phosphonic and nitric
[0051] amie BEcablYes Saalo bentbis efebeianidt b iscréase eolition coﬂcﬁh@ﬁﬁ}y §ihﬁ as that
ee aci d concentration ranges from bout | es

needed mﬁﬁ%@f&ﬂiﬂ@ﬂ%@ﬂ%ﬂf&@é@ﬁ%@@e Profiesies p e prefered ffﬁ?raélcp has the

same amo‘%z%ftﬁé ARk sat arﬂf)ff Bﬁﬁﬁ&%ﬁré‘g +f%d§faré £1?Mﬁ%e gcdp@ o2yt
grains per liter o ating solution, still nore

inventionp rAedfichy smoh ys sullﬁnicg:bydmﬂﬂmrai, sdfanaif, efdebmmdmidmlcl @hosphomc

ut 500 liter, of solution. 005 The
tartartic, Qa0 RSB SHC G HEI e POREY £ SorLin bR ERLP o o
substantially or conpletely free of added i norgani c
or organic acids and may be neutral or basic ;@g. EH
[0052] dhe élteelaeldsqonbeeﬁ@tmmmgesaﬁn@mabm less thavoligram) per SitesHo about 900
gram per ﬁfeg%ﬁ?%&aer?% at% tegtoal hhé fxﬁ; %{)ﬁtéf%)aa%' EP%OV Iats per liter of
plating soR&ic@ Bl nﬁ)@éfpi@ﬁdréblpﬁtsa &Bn%@ﬂtﬂﬁ@d ofl @b@i dbolatit 0 w ztbl?pﬁuio' 0(Bgrams per
added free sulfonic acid. [0054] Electrochem ca
Iﬂﬂ“ﬁSOB&Kmonlc sol utions of the invention may enploy a
hal i de ion source, particularly a chloride ion
source. Exanples of other suitable halides include
[0053] Thadmiedton bisoidotieles auifbniatediotitiondthat ake snlatagyeially ohadmpletely free
ion concentratiaqns haI|d= ion is e
of added greagif; QrLA5RIPIG PGS azr\édnayabegneurr@o?ﬁ basise-2 r%%*rls;ﬁ% 658 than
about 13 ‘J@yaib'ogﬁ)' ?ﬁc}?moﬂé(t% Qe ctrOl okitioh! al%%luh'ﬁﬁl ?reﬁﬁf&ﬁn the same

preferably fromabout 10 to about 400
manner withrihs same eomponehis as atheoempasiiads disclosec .rem but without an added

free sulfonic acid.

[0054] Electrochemical sulfonic solutions of the invention may employ a halide ion source,
particularly a chloride ion source. Examples of other suitable halides include fluoride, bromide
and iodide. A wide range of halide ion concentrations (if a halide ion is employed) may be
suitably utilized, e.g. from about 0 (where no halide jon employed) to 500 g/l, in solution, more

preferably from about 10 to about 400 g/l of halide ion source in the sulfonic acid solution.
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11 WD 2004/ 101860 PCT/ US2004/012887 [0055] In
addition to the netal salts, aqueous acid el ectrol ytes
wo@Rostheisstvent i on optionally may contain a vaPCBUY2004/012887
ot her conponents comonly known in the
el ectrodeposition industry. These conponents are
ft referred to as additives, such as _.SUppressors..
fooss T afoS LE e Ploral SR aishbs G BsSIEF DS SAGUTRLERRE Prignatty may
contain a Wik&y of Bthel SEmHinedtsRBidheinlBnAGe i the BleeRHRIpBSitibA AWt These
a suppressor agent, an accelerator or brightener
componexntd diet ¢fian eferisd ta pcadditivey spledseppigsenoegsntyicelsrator agents,

. sur.prisingl nhanced [ erfar .
teveling o ahd PR, THERSF 6 L RERe BD (PTG i auppressor
agent, an Btdel@iton8r BgEMéncBIdiiee I paticuldrly friRrsd hidpioidee bulpricihgly
this invention. The bufferin agent regul ates the pH
enhanced plgtinggesiosaencs) E@Tlg%lafB(W%g) wetedeatiigbl e buf f eri ng
agents include nonocarboxylic, dicarboxylic and
tricarboxylic acid such as citric acid, tartaric acid,
[0056] pobalsaingmgestadaybe tsad twitt the salfidmoacds dSthisdrednitionadhe buffering
ni t rogen-cont ai ni ng carpoxyl.ic aci.d n hosphoni
agent reeqlsicadic 1 GPBRS S8°T Hor DR o LU08Y Do UEBAAEent nclude
monocar%%ﬁﬂ&tcﬁ&%é(%ﬂi@ Ghd gﬁ:af%gﬁl@c aia tha 4slitie %iﬂgtaﬁgfiwéié,;énotassimn
XABS-R-SH XOBS- RS- S-RSABX and X03- Ar- S-S- Ar- SG3
sodium taninate eamino tabids,alxelieadid b gea-Rnianiag cappiyivadcids and phosphonic
: substi t.ut ed kyl group, and preferably is an alkyl
ac“B'Iwﬁgﬁﬁ ISPRACHG ¥ rom 1 to 6 carbon atons, more preferably
is an al kyl group having from1l to 4 carbon atons; Ar
is an optionally substituted aryl tgr oup such as
[0057]  §fsefubhehtpners u@ixﬂeﬂmse@f Bredpllowine fagpHenyl ; and X is a
suitabl e counter ion s qas. nium  sodium or
pot assi um Sone specific Surtabl e bri ght eners i ncl ude
e. g. n,n-di met hyl -X@i3-Ri®SaR 4s8niXcand

acid-(3-su|fopropy;% ster; 3-nercapto- propyl sulfonic
aci d-(3- sulfoprop 5@@?@%?ﬁ§¥§9¥ apt opr opyl sul fonic

‘ i odi sl . it B0 e o '
v Q5 SRERUIL T b o BELFs Sehs epty

an alkyl ga@ithdvhes &emi lum6sattion; atorhs, ssatk pogferaplyl is di slllT grdep having
from 1 to dRon Aty Af I PRy PG e e npia Such s optiofaly ™

substituted PROTH ST hAHIRFICARE RBY LRABSIE cobttel AMALEH assthin8RIukY,!
sodium or potassium. Some specific suitable brighteners include e.g. fi,n-dimethyl-
dithiocarbamic acid-(3-sulfopropyl)ester; 3-mercapto- propylsulfonic acid-(3-
sulfopropyl)ester; 3-mercaptopropylsulfonic acid (sodium salt); carbonic acid-dithio-o-
ethylester-s-ester with 3-mercapto-1-propane sulfonic acid (potassium salt);
bissulfopropyl disulfide; 3-(benzthiazolyl- s-thio)propyl sulfonic acid (sodium salt);
pyridinium propyl sulfobetaine; 1-sodium-3-mercaptopropane-1-sulfonate; sulfoalkyl
sulfide compounds disclosed in U.S. Pat. No. 3,778,357; the peroxide oxidation product
of a dialkyl amino-thiox-methyl-thioalkanesulfonic acid; and combinations of the above.
Additional suitable brighteners are also described in U.S. Pat. Nos.
3,770,598,4,374,709,4,376,685, 4,555,315, and 4,673,469, all incorporated herein by
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sul fide conpounds disclosed in U S. Pat. No.

3,778,357, the peroxide oxidation product of a
walr@ilyise@ni no- t hi ox- net hyl -t hi oal kanesul f oni cPEL/U82004/012887

and conbi nati ons of the above. Additional suitable

brlghteners are al so descrlbed in US Pat.

reference, Péé%nf%@ pr e{rgqi ﬁggl}t% iy gé% tglé SPagL')l} Wgons of the
invention489Am 1B 61-BliobiBARR LGBl fopeipsTestecandPa¢-bddituhar | y

preferred brighteners for use in the plating
sulfonoprepdesifideons of the invention are

n, n-di met hyl - di t hi ocar bam ¢ aci d- (3-sul fopropyl ) ester

and bi s- sodi um sul f onopropyl di sul fide. [0058]

[0058] @‘ﬂl’fﬂ‘a@t‘éﬁ@ RkSfubR@hétprebdht if@nB6EHRRTde leBY 8ired Budhl diiie ylated
am nes such as ethoxyl ated _am nes,

amines, ppbfo'gmlmew pines and ﬂé@%ﬁﬂll@ﬂSkm@ﬁs Al yebrcol-Bpeqeaiting agents,

such as pég)llglgg%l%leé% % p}’o%) HP%%% llgrrf«%glg BOQI%J%EJ@/%§ %ygl%%kﬁ Bfolecular

weight p(ﬂy@tﬁ@kspoliﬂt@ﬁeﬂmb@wl(ﬁfol W&EII@]J@OQJM)I yeillien)s block copolymers of
yet hyl ene oxi des 100,0Q0 to 3 og%;
polyoxy-§ liyékes@ 6%113)9}»@151@ Gl forﬁwwlew&% fantsyug % <9 I

diaminesS rﬁ&% aﬁférgg& lth fo;t'jjlrl{itgx%{ &ﬂ{g%sﬁiﬂdﬁp ofhe %\}&Qﬁbfﬂ aleed

artlcu rfactants for
commercmﬂlatawagabd@pqﬂysthylmmglyocﬁl dopelyimeyse nclhwhngpadyethylene glycol
conmerci al Iy avail abl e pol yet hyl ene gl ycol copol yners,
copolymgric| udi ng pol yet hyl ene gl ycol ~copol yners. [0059]
Vetting agents may be used with the sulfonic acids of

this invention. The wetting agents may be sel ect ed
[0059]  {Wetting amubmmay banseghvith the subpniF epide ohibiscavensvon. [Theaofting

agents m%h?e efele gglt ciurcl ft%(%/qlca lafi%on n%%::'fg}u%)&&gcu?&em s for

he SUITonic “acrd of the
inventlon is used in electrodep05|t|on or de-scaling

rocesses. Exanpl es of SU|tabIe npl exi ng gg B%
[0060] .Trlp@umwﬁ% ﬁ@d@#ﬂ@ds'é? FpEp e&m@&ﬁ%&%%@%‘ﬁ aa&tw Y filﬁskaomc
t p
acid of th?%%\%&?i#? 15 L??% @eélédgﬁdﬁg&'g%n d(gerfe s%él{nfgclzr%bééfes %x@%ﬁw’}}é&'ﬂf suitable
complexmg( agénts mc]uda mcmbkdrbcb@hncndisarbakﬂ;d w)ldklambowﬂmc raeid SEEIT As citric

honi ¢ aci ds. 0061 ctrochen cal . processes
acid, trty e PO G SO P A B9 Bt BV TN ECUIR G 2o
a11<1y1am1ﬁé¢> Iaﬁ&lalketn%mmt EJJD?A 4nd RbspiRhRtct@RMPer at ur es.

Préferably, the el ectrochem cal processes are used
from about -2CbC to above 95C dependi ng upon the

[0061] R &S Rmichl) processes of the invention may be carried out from less than ambient
temperatures to elevated temperatures. Preferably, the electrochemical processes are used from

about —200C to above 95°C depending upon the processes in use.

[0062] The sulfonic acid solution may be stagnant or is preferably agitated during use such as
by using an air sparger, physical movement of the work piece, ultrasonic radiation, impingement

or other suitable methods.
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[0062] The sulfonic acid solution may be stagnant or
is preferably agitated during use such as by using an
wareo4apmsger, physical novenent of the work pi BCBDS2004/012887
ultrasoni c radiation, inpingenent or other suitable
met hods. 13 WO 2004/ 101860 PCT/ US2004/012887 [00631
trol SIS referab conducted. at a,current
(00631 JURHAPY BuetigoBr St et Hamest 4oty rugi Apfsadhan 0.1 t
3000 amﬂ%%s S4ahte ?W@Aﬁ@%kpaﬂw@dﬁ%@ﬁ%egs%d MLgEsD1Red
he el ectrol yte characteristics.  [0064] Electrolysis
ChmadBH$M%s may range from about | ess than one mnute to
greater than twenty- four hours or nore, dependi ng on
the difficulty of the work piece and the desired

[0064] tﬁ.{gétfpg%m%t‘?nngs g Iga%glﬁ Vogxggllgﬂ%n B%g? ﬁj&é:ogg gali?l:ltggq :grrégtley ‘gnan twenty-
four hourd@Y §{RE r&ép&fan?g §@&%Ia¥ﬁﬂcmt§a bOGE SRR pf‘eeérm&r ﬁlle %Ieklyed finish.
acceptabl e metal or polyner coating. [O
i nvention described nmay al so use a soluble or an

i-asol ubl.e nert. el ect . .[]0067]. wi de
oo6s) - iysiGn D] el etTiro B wrRb B mptset ritio el
waveforn®y toG@RESGIWhiddude a 6ONAHEEiA114CacREMYBTE inetd] b pbiyther coating,

conposi tions of the invention, as discussed above. he

conpositions of the invention are particularly useful
[0066] tl%eqhx‘?ei%tngg%!a%trl%e%h{& sldlutse M{%llﬁbfé' ?%ﬁzn ?@oﬁﬁe eotrode

oar & Ul [ er ‘an

material.aspect vias or through holes, i nt egrated CIrCUItS

wth | ow aspect ratio vias, integrated circuits with

hi gh aspect ration mcrovias and other electronic

feat res. [ osi tian i nven
00671 4 Sits et Rt e ay PBERRCT gB selfE ot fpted vffl o
conductn}er}i&%@it WL HeloHiposi@iems 6LHe 1r§)éﬁh01ﬁ%s HREWRREN above. The

sem conduct or devices and the |ike. The sulfonic

compositipgis @8 thefinytion iarppanticwarlnbseluldp slectyeplafs difficult giorlk pigces, such as
er n | ILC . ac] sdhis:
circuit bogund\'/ en r%c%sgmﬁflrs fl% eéeruaglgfﬁ(g\%v a8 cg\r/]lagﬁll ‘L‘ﬂfougl I{Otfés integrated

circuits wittlber dspéct edtid \04d) ettegraed @itcsitsowalgRighdepdce esioancvidsagd other
merj zation of ,organi c. nononer s form

t
elec’trom%%gam%& et P3Py ﬁ%‘PEOS“[l@E?Gé]t erlﬁéem@ﬁléwwgl Regetiquithopsetul for
plating m?e{gr%tgc? c%&gte&tvic%g cflutah NBfeh¥d bdhidshdRid é\ﬂgv&&e&ﬁﬁfw 1iROAThe

er st oo at variations an fications
sulfonic avéts dfghieffveotiedwill slho bt uskpldot ihaglefscaimgt dfencstalsp @herulfonic
acids of tﬁqs é]ilY.é:ltlgIl V\}ﬂ also [P)e %getfuf)eps aerllselec rtol;:tg {nt Qatteﬂest aI}1ed otPer energygstorage

devices and during the polymerization of organic monomers to form conductive polymers.

[0068] The foregoing description of the invention is merely illustrative thereof, and it is
understood that variations and modifications can be effected without departing from the scope or

spirit of the invention as set forth in the following claims.
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14 WO 2004/ 101860 PCT/ US2004/ 012887 Exanple 1 [00691
A. Commercially avail abl e 70% net hanesul fonic acid

w@ kBAL0Osh@at contains a high concentration of PCT/US2004/012887
nmet hyl met hanet hi osul fonate, [MMIS, (CH3SO2SCH3)] was
purified by the followng procedure: (1) 250 m of
70% net hanesul fonic acigd containing 12
parts-per-mllion (ppm =% ®5 aced into a 500 ni

beaker . (2),.30%;hydr [ oxicde sol,uf jon, ... 1. 125. .
oves) g2l 2 0RO RS RN i v
concentrARarFesetinahegahethioshi@matd) eBITRYCE3 SO CHIY] was purified by the

met hanesul foni ¢ acid sol uti on was cooled to room

following piggetuse-ur e and anal yzed for MVIS. [0070] The
tH=at | b . . i qqe
f?g@e NTsBLL 1T 8% %&%gﬁ{ilg tat'r.g yc%éfaagn?xg% ?% ﬁglﬁsggéfr%gﬁl;on (ppm)

t ment "was ‘non- det ect
met hodswasAfldced ingfomi SO0 aatheakert he MSA was diluted to 15%

by the ditijon of water. [007 B. A sa of, 159
reiHan Ut Rl Eenarer BT de 23 B4 g D ESRBH Y S1SA was
_' A was heﬁﬂeﬁ@é mi &ég@é&s%hféﬂhﬁtﬁﬁ“ﬂﬁeé h(ShrS?‘.nOd& an

i nsol ubl e 1ridiumoxide-coated titani um cat hode.

Dufi)ng Thelmahansbyifinic adid poldiigs whyemlédipgoodempemivBaand

Trichl or omret hyl get hyl sul fone (TCVS) was added
i ncr ené‘ﬁf“é(F?@%aWﬁe headspace gas above the

oo SHESHASEIET AT PSR IP LA MAE BL AL BPfcca
by gas chi@hiiog@bhe metHodafte pRrifiofiichzhe MSslamal’s dilakd 16 % % by the addition

nmet hanesul fonic acid (MSA) nade as in Exanple 1(A) was
of water.g| ectrol yted using a pure tin anode, an insol uble

Ly di um pxide;coated titani u ode 0073 rin
00711 5 oSespBp e S PR lp BB D prsro ik o BRI 14 s
electrolytb® Lbink ABuRamehdidesad inesiable iridiMMIoxl deasesatddneh@oRdaddg. During
added and the headspace gas above the electro cheni cal

electrolysiw tin digselved b el Fo Mydt deickipramesedmethaisulipng fHedS) was
) 2 0 ' .

ated o VMR85 ALK 0 SO AT bl

detectablé egbi At abbw 9 ppmraf ICMS et hyded] subddrdeas noticeable.

Example 2
[0072] A sample of 15% methanesulfonic acid (MSA) made as in Example 1(A) was

electrolyted using a pure tin anode, an insoluble iridium oxide-coated titanium cathode.

[0073] During electrolysis, tin dissolved into the 15% MSA. Methylmethanethiosulfonate
(MMTS) was incrementally added and the headspace gas above the electrochemical cell was
smelled for detectable odor. After about 0.25 ppm of MMTS was added, an odor was noticeable.
MMTS was seen to decompose using chromatographic techniques to primarily dimethyldisulfide
(DMDS) in the electrolysis cell. Methylmercaptan (CH3SH) and dimethylsulfide (DMS) were

also observed after electrolysis, both odorous impurities.
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(DVMDS) in the electrolysis cell. Mthyl mercaptan

(CH3SH) and di net hyl sul fide (DVS) were al so observed
w@tdoenombect rol ysis, both odorous inpurities. RGI/WE2004/012887

2004/ 101860 PCT/ US2004/ 012887 Exanple 3 [0074] A

sanpl e of 15% et hanesul fonic acid (MSA) nmade as in

Exanple 1(A) was electrolytesdusing a pure tin anode,

an insoluble iridium oxide-coated titanium cathode.

[0075] During el ectrolysi ti,n di ssolved into the 15%
VBA. thhylnethanethios§¥%%%%ée (MMIS) was

[0074] |iAedepiedt abdoymansedulfemit aci@ (85 A)pide AR iHRImpIRY (A) was
detectable. To this solution was added 1.0 ppm of

electrolytepdusingradnvise Hy leseds: e enspiptlgsyidium guds-cpund Eniusy s3thodes
observed indicating a synergy between the two
inmpurities in producing the undesirable odor. Exanple
[0075] DuiFrbdctdsirmh eiwndlvid MtordtcHafre M A. dvicthy madtishne sl fonate
made as in ampl.e 1(A)_ was | ectrol yted in .pur.e,
OVMTS) s Tadigrmertalhi e G O e Shogs Hes dsgereaiie + Po TF Hiton
t i VS [ [
o sdss R (OO PO A VELEy A BB e
indicating d dpebrgnbetakerethe dive ctnpulityssiis pradueinkfise wnesingble odor.
el ectrolysis cell contained di nethylsulfide and
di net hyl di sul fide | eading to an undesirabl e odor.
Exanple 5 [0078] A sanple of 15% net hanesul fonic acid
(MSA) nade as in Exanpl BExaguplg 4was el ectrol yted usi ng

a, pure ti no an.insol. - ridioum axi de- ]
00761 4 Pl b CaPngagen- Doy o R 0V el et PP e PR
electrolyteil 95iak U@lrd tid nddepanld¥%o WHA.irifilinedxiéd-enliddiitisiug, cativgle.

MSA contai ned no undersirable | owval ent sul fur
conpounds. A simlar study was done but 1 ppmof MMIS

: o4 Izo £ { rel .
o0 BB 15N B o A B 0w
was addeteint yftendlédatadéysis iiravIBy iditsaidlE¢tobdysanetll contained dimethylsulfide and

) imethyltrisulfide were present in the MSA. Exanple 6
dnnethyl%g&%éj: Y@@xﬁgﬁﬁﬁ?w&lrﬁéleﬁ@'?%anesul fonic acid (MSA) were
t est ed.

Example 5
[0078] A sample of 15% methanesulfonic acid (MSA) made as in Example 1(A) was

electrolyted using a pure tin anode, an insoluble iridium oxide-coated titanium cathode.

[0079] During electrolysis, tin dissolved into the 15% MSA. After electrolysis, the MSA
contained no undersirable low-valent sulfur compounds. A similar study was done but 1 ppm of
MMTS was added to the MSA and after electrolysis, an odor was detected and the analysis
showed dimethylsulfide, methylsulfide, dimethyldisulfide and dimethyltrisulfide were present in
the MSA.

Example 6
[0086] Two purities of methanesulfonic acid (MSA) were tested.
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w@e@gamtseo i nventi on whi ch was nmade accordi ng tBCT/lig2004/012887

[0081]

16 WO 2004/ 101860 PCT/ US2004/012887 [0081] One was
comercially avail able 70%BA; the other 70%EBA of the

procedure of Exanple 1 except that it was not

diluted. [0082] The inpurities, wth anounts, in each

conposition is as follows: Wight % pp m(unless

i ndi cated) Conponent ID 70% MSA of Commercial 70%t he
ioheaids @mR6iall PYPSB10MBAS theMlier NOZEVIS RMPERe 5oseifd

MCMS 1 2 MMIS <1 10 DCMs 0.1 < 0.5 TCMS None 2

inventionowirel wam kadamecotding to {he pregeyup 0 B3pmplezl ¢xeept that it was not

diluted.

[0082]

[0083]

methanesulfonic acid as listed above. The final concentration of zinc ion was 65 g/l. During
dissolution of zinc in the impure 70% MSA, a pungent odor was observed while the zinc solution
prepared using the clean 70% MSA emitted no significant odor. An additional 1 molar free MSA
was added to each zinc methanesulfonate solution, the same 70% MSA that was used to prepare

the zinc electrolyte. Electrodeposition.of zinc from each solution was done on clean steel panels

nmet hanesul fonate sol uti on was prepared by dissol ving
zinc carbonate in 70% nethanesulfonic acid as |isted
above. The final concentration of zinc ion was 65 g/l.
During dissolution of zinc in the inp-Lire 70% MSA, a
piis GBRYriRso IVithas qypBe i aegh GhrPesitands 25 flloget ut i on
prepared using the clean 70% MSA emtted no
significant _odor. An additional 1 nolar free MSA was
added to epch zi nc netWeghesutrindmddseindicdtad) i gn, t he sane
70% NMBA t hpfomwasenti®ed 100 Myeqiay €omnpeygal 7¢%0c
el ectrol yt El ect r odehiaiettionn| MPAzi nc from each

sol uti on waBM&8ne on |d®¥an stepfl 60 anperes
per square| Mdtt ( ASF)|.Noiihe zi ntc deposit plgted from
the cl ean /DMsOBAS dlactirol yt p2onas nmatte dgray and

uni f or m whj Memshe zi ncl deposit|plated fromithe inpure

70% zi nc MMTS <1 10
DCMS 0.1 <0.5
TCMS None 2
Other
Unknowns <1 4

(total)

A zinc methanesulfonate solution was prepared by dissolving zinc carbonate in 70%

at 60 amperes per square foot (ASF). The zinc deposit plated from the clean 70% MSAS

electrolyte was matte gray and uniform while the zinc deposit plated from the impure 70% zinc

solution was dark, rough and commercially unacceptable.
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solution was dark, rough and comercially
unacceptabl e. 17 WO 2004/101860 PCT/ US2004/ 012887
w@h@ie1880 An aqueous solution for use in an PCT/US2004/012887
el ectrochem cal process, the solution conprising a
sul fonic acid and | ow concentrations of |ow val ent
sul fur (Il) conpounds an&Lh.i her-valent sulfur (1V)
conmpounds that are susce —'g%e to reduction. 2. The
solution of Claim1l wherein the [owvalent sulfur (1)
conpounds and hi gher-val ent sul fur (Ix%pconpounds are
1. Adii age91p saluwsionifpoese in prslepiyodamiqadBrocessnibelsgusiap cometising a
sulfonic %Jllé(l: F{l)c? %%in?%ﬂ%%ﬁ%?é% fo%géei’grﬁ’sulﬁn (II) compounds and higher-valent
sulfur (IWeddnydonrihdaeib isosupiisia ad edanibn.
nmet hyl net hanesul fonate. 3. The solution of Caim1l for
use in el ectrodeposition, batteries, conductive
. i : ti.gn: of
S S A e A R s LS G A
sulfur (I\Soropgendds ars dihethyldisolides Gimethylistléide, dmeiiyésusfohet i on

: of aim1 erein the concentration of reduced
wicloromgl e e S Raenres LS b Byt e osylonpand
methylm&@hitst@onR. C aim 1 wherein the sulfonic acid is
derived froman al kyl nonosul fonic acid, an al kyl
pol ysul fonic acid or an aryl nono or polysul fonic

cid...7. Jhe.solution i m.l i.n the fonic
. TREuidn ot R ] b Sl SRl bl S Bfers and
descaling 028384/ 101860 PCT/ US2004/ 012887 wherei n a+b+c+y

equals 4, RR R and R' are the sanme or different and
each i ndependently may be hydrogen, phenyl, d, F,

4, The solution of Claim 1 wherein the total amount of reduced sulfur(IV) compounds is

less than 50 mg/liter.

5. The solution of Claim 1 wherein the concentration of reduced sulfur(ll) compounds is
less than 50 mg/liter.
6. The solution of Claim 1 wherein the sulfonic acid is derived from an alkyl monosulfonic

acid, an alkyl polysulfonic acid or an aryl mono or polysulfonic acid.

7. The solution of Claim 1 wherein the sulfonic acid is introduced as:
R”¢
I
Ra— C — (SO, OH)y

|
R’b
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Br, I, CF3 or a lower Cl1_9 alkyl group that is
unsubstituted or substituted by oxygen, d, F, Br, I,
WQEER4/10B86@R0OH. 8. The solution of C aim7 wher eP@I/US2004/012887
sul fonic acid is nethanesul fonic acid, ethanesulfonic
aci d, propanesul fonic acid, nethanedi sulfonic acid,
X nochl or t hanedi sul foni ¢ acid,
Wwheretn Wﬁ%ﬁﬂ?%gﬁanedi sul fonic acid, 1,1-ethanedi sulfonic
d b a : N H "
R, R angR o, e P aielenf PR bRy Al be hydrogen, phenyl, CL T,
Br, I, CF4 p1la hvep &he dilgl pfompitiat acimdpbs8iiwbd or subititited by oxygen, CL F, Br, I,
CF SOp{)g{panedi sul fonic acid, 1,2-ethylene disulfonic acid,
3 72+%, 3= propyl ene di sul fonic acid,
trifluornmethanesul fonic acid, butanesul fonic acid,
erfl uorobut anesul foni c acid, pentanesul fonic acid,
8. Tgﬁ solpticupf Ghimn 7aehatein snléon¢ aaid fsontibargsifonic acid, ethanesulfonic
acid, prof e FREHANGRFAC ag R BplrEp Gt Rle acia,
dichloromé@sidisutibgicsidl &, ol ahartdulieniaadid g8 cldbkang sdthdnedislfonic acid,
id and has a concentration range from1l to 1480

. aCI . .

1,2-dichlgyor1,1-pthanyiisuléeyrp it i, bintapenedisiienty, acigh drédiorotipk

. t ion . . Y i G acid is.
propancdEMIER R | B hOBgESS: AALFDl oy RAb isdlibfic oBig,
trifluorméthanébhHoxio mpids bithnesulidni Cha i npedfluasblertedasulftrc acid, pentanesulfonic

: concentrat.ion of the .free al kanesulfonic acid is .

acid, phegilfonipatig. Bhsapls e @%@d@%@ﬂ%ﬂ?i nisracip Ffepetiionis acid or
mixtures Tgegonmposi tion of Caim1 wherein the pHis between

-2 to 13. 13. The solution of Claim1l wherein the acid

is a mxture of a sulfonic acid with other inorganic

hds, -14. Th J f im1l which .
0. TRRERITDG Aaviii Ziitiersinis P 8Pa5 nBe heds QP ecia ana
has a cond&irahiof @angeUtdrAnite 1280 g8 and which is intended for use

in electrodeposition, batteries, conductive polyners
or descaling processes. 19 WO 2004/101860

0. TEETARAN SRR e, LA LR g

about 10 & yous U0 gnine peatited obfolfittnul a: R'c

11, The composition of Claim 9, wherein the concentration of the free alkanesulfonic acid is

about 30 to about 500 grams per liter of solution.
12, The composition of Claim 1 wherein the pH is between -2 to 13.

13. The solution of Claim 1 wherein the acid is a mixture of a sulfonic acid with other

inorganic or organic acids.

14.  The solution of Claim 1 which contains a metal sulfonate salt or other metal salts and free
sulfonic acids and which is intended for use in electrodeposition, batteries, conductive polymers

or descaling processes.
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MRa- C-(SQ20H)y]2 R b wherein atb+c+y equals 4, R
R and R' are the sane or different and each
wo paepensdent | y nmay be hydrogen, phenyl, d, F,PCBUS2004/012887

CF3 or a C1_9 alkyl group such as (CH2)n where n is

from1l to 23 and that is unsubstituted or substituted

by oxygen, d, F, Br, I, CF3, or -SQ20H 16. The

solution of Claim 14 wherein the sulfonic acid of the
15.  TBOkSHHiGn BOCkiAN4QFhetdig H¥BhGA Bali§ intdBdceANY ahraﬁ@yl @{s ¥ sulfonic

are introduced as an al kyl sulfonic acid of fornula:
acid of fgm@la:Ra- C --(S ROH)y R b wherein a+b+c+y equal s 4,

R, R and R' are the sane s di fferent and each

i ndependently may be hydrogen, phenyl, d; F, Br, I,

CF3 or a C1_9 alkyl group such and that is

unsubstituted or substitut¥iRey—dxygépO2@ylr, Br, 1,

CF3, -SROH. 17. The solutilon of Caim 14 wherein the

metal salt will be enpl oy&dbat a concentration from

about 1 to about 600 grams per liter of electrolyte

ution . The solution of Claim14 wherein the

wherein %%Vaﬁ&w% c acid is methanesul fonic acid,

R, R’ andRRP %fé%@kzﬁ&@bﬁmﬁ%feﬁt Rl QRRNRRPEARM F nAG e ydrogen, phens!, CL, F,

trifluornethanesulfonic acid or m xtures t _
Br, I, CFiTtwer € 04 alkylogroa su@hais fCHnwhieren is fréw Inet23]and what aninesubstituted

.a sal t fro Isin 20 WO
or Subsmﬁﬁéi’/yféi’%%b%ﬁé%%s;ggﬁi% Group 1B, 2B, 3A, 3B,
4A, 4B, 5A, 513, 6B, 7B, 88 | ant hani de or acti ni de

nmetals of the periodic table and amoniumion or
16.  The seluiesoftHeie bt wherpin thesuldeni esigwf die aienippagiopnéhsi metal salt

and any ﬂ;é% &r@lmtfc#&onac{]és anaagfiﬁ ﬁ]ﬁ&ﬁlc 'a{::id%!f B mula: daimia

anesu e solution o
wher ein the netal sulfoni®”acid salt is copper
met hanesul fonate. 22. The|solution of Caim14

wherein the netal sul figni ccaci@csald)y,is nickel
met hanesul f onat e. |

R’D

wherein a-+b+cty equals 4,

R, R’ and R” are the same or different and each independently may be hydrogen, phenyl, Cl, F,
Br, I, CF3 or a Cy9 alkyl group such and that is unsubstituted or substituted by oxygen, Cl, F, Br,
I, CF3, -SO,0H.

17.  The solution of Claim 14 wherein the metal salt will be employed at a concentration from

about 1 to about 600 grams per liter of electrolyte solution.

18. The solution of Claim 14 wherein the alkanesulfonic acid is methanesulfonic acid,

ethanesulfonic acid, propanesulfonic acid, trifluormethanesulfonic acid or mixtures thereof.

19. The solution of Claim 14 wherein the metal-sulfonic acid salt is selected from metals in
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23. The solution of Claim 14 wherein the netal
sulfonic acid salt is ferrous nethanesul fonate. 24.
wabh@480186d i on of Cl aim 14 wherein the netal suP€DORZ04/012887
acid salt is an alkali or alkaline earth netal. 25.
The solution of Caiml14 wherein the sulfonic acid
as a mxture of a netal sulfonate

salt is sup

Group 1Ba4R, é%eﬁ%éﬁe&& PO Pttt 78 BR- lepthapide pr agimidemetatppt the periodic
é“” PPN o7 B, | anthanide and acti ni de

table and ?@uof Pﬁ%ﬁﬁéﬁgﬁé igble and ammoni umion. 26. The
solution of daiml V\herel n a buf fering agent | s added

dul a t he pH of the roly

20. Til%ﬁ&fol 1%0 6&%4@5 el%@ﬂeﬁ% %‘ﬁ{@ cg%alﬁ 1§ Zwsﬁmeéh%{@ﬁlafonate
28. The solution of Caim1 which contains an organic
mononer sel ect ed fromaniline or . substituted aniline

21.  Tbe spytiewpECla@. 14Avipreo desmétel sulfoeicmeebsttds coppeometliaghsulfonate.
purity al kanesul fonic acids wherein free
al kanesul fonic acid is first treated to renopve

22, ThovsabEBE C&ﬁﬂnflurwﬁ@élﬁ% 1ﬁ§tab§ﬁlf0ﬁﬂ:cﬂc[tgsalﬂs hf&ﬁelf&@tﬁanesulfonate
sul fonic acid sufficient oxidizing agent to increase
the valency of the inpurity sulfur nolecules, 21 WO

. TR0 e TR LA e R s gD

nmﬂmneﬁm&ﬁa@jent time to conplete the oxidation process,
optionally, heating the al kanesulfonic acid to
el evated tenperatures to renove residual oxidizing

24, THQ ?&EﬁlO@@ﬁCﬁﬂh dl e!réfm ﬂi%qlqétngsu?f‘?;fﬂc:\é@%1 G@s,b Qlﬂalﬁ)?y\glﬁﬁline earth

renove resi I mpurities e process o
metal. Cla|n129 wherein the oxidizing agent is selected from
hydr ogen peroxide, nitric acid, permanganate, an
anodi c el ectric current, nonoperoxysulfate, aqueous

25.  TBEOLMLIIONOEIaimNUIidAEn 1R sNBbRGRRId §dlt€i‘s SppHEd & Rfixtdre of a metal
carboxylic acid. 31. A process of

sulfonate rmlttsaﬂiei@mcf Ooatrectgls uGroms by BdP s 613;/41%19‘?%@’@ Sie 68l 7B, €8,

Janthanid3§h& act1r§£1£J RBICof the periodic table and ammonium ion.

26.  The solution of Claim 1 wherein a buffering agent is added to modulate the pH of the
electrolyte.

217. The soh;tion of Claim 26 wherein the buffer is boric acid.

28. The solution of Claim 1 which contains an organic monomer selected from aniline or

substituted aniline or pyrrole.

29. A process for the preparation of high purity alkanesulfonic acids wherein free
alkanesulfonic acid is first treated to remove low-valent sulfur molecules by:
adding to the free sulfonic acid sufficient oxidizing agent to increase the valency of the impurity

sulfur molecules,
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netal oxide or other netal salts into a purified
sul fonic acid according to Caim1 wherein the netal
WO eov4aorseent rati on varies from1 g/l to 500 g/PCT/BR2004012887
process for the deposition of a nmetal fromthe
solution in Claim 14 and passing an electric current
through the solution to electroplate a netal or a
mixing theesdubonil dcayatuathperausad bstweah 85°C 8Babolih®5%r foe essffiofent time to
Cl aim 32 wherein the substrate is a sem conduct or
completedBy XA BioPfBed circuit board, an inert el ectrode,
. t . - i r i W TN
optionall K8 pe B AR TR b PR S B ol @oidiving
agent, andar bon or an organi c substrate. 34. The process of

. Cl aj,m 32 wherein the acid is nmethanesul fonic acid. 35.
optionallHdEHELYaleg B P 1o FEIRO IRV MRS ur e of
sul fonic acids and other inorganic and organic acids.

36. The process of Caim32 wherein direct current, '
30.  Thepwsasscfi(laim 2 wherein thel pridizngergeat speleeist franshyfyegen peroxide,

e aci e QGBS e AR IR S0 5503 Byon of
chlorine, BGRIddeR 404 5 OLBSBf a @Bboxkiie apidocess of C ai m 32 wherein
the tenmperature of the nmetal sulfonic acid electrolyte

is between 0Cto 95C. 39. The process of C aim 32

31. Aﬁ@?%ﬁ%ls ?F %ﬁm@%ﬁ% s&ﬁ“&f?&% Ec’)leg%fé %@1@2@%@&&%@5%&% %e’lrbonate,
metal oxidB,or 8Bier irteenl katstihtara eified salftniobdd angirding toClaml lowherein the
. thereof. 40. A process far the de-scaling of a netal
metal 10%“%“?\?@“58’[@&@% iﬁl t@:lsgpﬁ”(lﬁ and passing an electric
current through the solution to renove the oxide |ayer
of a netal or a netal alloy on a substrate. 41. The
32.  Apgmoosss $orche Grrmisition Of aiveta ifrom the solition ria Céainsl 4eand passing an
. sem conduct.or Vi ce rinted . circuit ard, an
etectrie iy RRYER iR psd Ho i e e S Megp gl RS Gfo Aigepee
or nickel-alloy, cobalt or cobalt alloy, a refractory
metal or oxide, carbon or an organic substrate. 42.

33.  Timprospwcdddaiar 3phetingbe Girhsiatens ¢ pemigendpofay device, a printed
circuit bogF&, Qﬁ%&%l@&%d‘é, ﬁgél,dcopper or copper-alloy, nickel or nickel-alloy, cobalt or

cobalt alloy, a refractory metal or oxide, carbon or an organic substrate.
34.  The process of Claim 32 wherein the acid is methanesulfonic acid.

35.  The process of Claim 32 that contains a mixture of sulfonic acids and other inorganic and

organic acids.

36.  The process of Claim 32 wherein direct current, pulsed current or periodic reverse current

1s used.

37.  The process of Claim 32 wherein a soluble or an insoluble or inert anode is used.
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43. The process of Claim40 that contains a m xture of
sul fonic acids and ot her inorganic and organic acids.
wd 2004/Ths6pr ocess of C aim 40 wherein direct cuPCEINB2004/012887

pul sed current or periodic reverse current s used.

45. The process of Caim40 wherein a soluble or an
insoluble or inert electrode is used. 46. An article

of manufacture conprising an electronic device, a

nmetal or netal alloy, a battery device, a conductive

38.  Thopyoess ddiCland whersirthatmperatareof taxmetabsublohai avablelectrolyte is

froma conposition fromdaim1l. 23
between O°rC to 95°C. P

39.  The process of Claim 32 wherein the metal is pure or a metal alloy with a metal from
Group 1B, 2B, 3A, 3B, 4A, 4B, 5A, 5B, 6B, 7B, 8B, the lanthanide or actinide metals or alloys
thereof.

40. A process for the de-scaling of a metal using the solution in Claim 6 and passing an
electric current through the solution to remove the oxide layer of a metal or a metal alloy on a

substrate.

41.  The process of Claim 40 wherein the substrate is a semiconductor device, a printed
circuit board, an inert electrode, steel, copper or copper-alloy, nickel or nickel-alloy, cobalt or

cobalt alloy, a refractory metal or oxide, carbon or an organic substrate.
42.  The process of Claim 40 wherein the acid is methanesulfonic acid.

43. The process of Claim 40 that contains a mixture of sulfonic acids and other inorganic and

organic acids.

44,  The process of Claim 40 wherein direct current, pulsed current or periodic reverse current
is used.
45.  The process of Claim 40 wherein a soluble or an insoluble or inert electrode is used.

46. An article of manufacture comprising an electronic device, a metal or metal alloy, a
battery device, a conductive polymer or a metal surface free of oxides obtained from a

composition from Claim 1.
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