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[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 elecirodeposition

solutions as required in the microelectronic field.
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[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 Iess.
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[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, 34 B4, 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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and are present in the sulfonic acid 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 suifide, dimethylsulfide or sulfur dioxide. These materials are unwanted and

dangerous during electrochemical processes.
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[0023] The compositions of the inverition are useful for depositing a nretal, 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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[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] Inparticular, preferred high purity solutions of the present invention have & 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.
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galvanized steel, tin-plated steel, automobile parts, aerospace parts and other articles of

manufacturing using the sulfonic acids described in this invention.

[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
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sulﬁ(r ih })Mﬁoz i® bikf\%@re@ul WS G0 5O AGS the F-idr BkidhtionakARindSH IDIMS it is

ounds that are susceptible to reduction

5005 s whishhap bash AU HAR ands LA AAY O mag D reduced

o ot St 0 i 5 o

in thextwaotidationstatee of sulfur in DVMBO2 i s six whereas |n
S, sulfur is in the +four oxidation state and in DVS
it is two. MUITS, CH3SO2SCH3, which has both a

(00351 fThe (siformatidussd irf (i oventiomare chersptsrizpdinlags patas syalkyl

o FRAEAE iy B 5L o B iy o
conaexirgting ofredicat er ea{sﬂ@ﬂei]lclﬁlh eulfimicompirndaaidpre drgdyosd a4 s

i nvention are characterlzegyén | arge part as an al kyl
nmonosul fonic acid, an al ky polysulfonic acid or an

aryl nono or polysul fqgnic a{gb
concentrations of redu€ed F edu0|ble sul fur
conpounds and are introduc q)as

¥

wherein at+btoty equals 4; R, R and R” are the same or different and each independently may
be hydrogen, phenyl, Cl, F, Br, I, CF; or a lower 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, -SO,0H.

[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




R'c Ra- C- (SQ20Hy R b wherein atb+c+y equal s 4,
R, R and R' are the sane or different and each
i ndependently may be hydrogen, phenyl, O, F,
CF3 or a |lower alkyl group such as (CH2)n Mereﬁ""ah’“"”’
froml to 23 and that is unsubstituted or substituted
by oxygen, d, F, Br, I, CF3, -SQ20H [00381 The
preferred al kyl sulfonic acids are nethanesul fonic,
acidet RARas U1 psliate Adlionie hEiR ANR sty lenadisul fonlcdsid, 1,Bgropylene disulfonic

L s N e e

penaﬁésdlfoﬁb s&&%@ L iG] s&yul sLF6HiE acadyi adle phenylsulfonic, phenolsulfonic,
- et hanedi sul f oni c_aci d

paregtoehpwgom,lané Eanesulfenis gcife o rajpuges thereof.
1, 2-di chloro-1, 1- et hanedi sul foni ¢ aci d,

1, 1- propanedi sul fonic 8 15 March 2007 acid,
[0039] ¢ hT o wifonie apd@paﬁpg@sglﬁqn@ﬁ peucetiation mnge fpthyess gm 1 ¢/l to 1480

fnro%? ]]f:efépal 8 GRBLENE 1Sl 708 b fms 1?6‘? iibr of solution, still

uor anesu oni ¢ acl but anesulToni'c aci d,
morp @reférably ods atcamsimti‘oo of Gombent 38 teiabopeHNamans per diter of solution.
acid; and the preferred aryl sulfonic acids are
phenylsulfonlc phenol sul foni ¢, para-toul enesul fonic,
[0040)d ¥y eitfesiclabidsblatiamefibs inwentioh wep hees 2 FEthebis befwgap e to 13.
The sul fonic acid may be used froma concentration
range fromless than | g/l to 1480 g/l, nore
[mmgef 'fh@@ilﬁbmcahd@fﬂmmnﬁcsmasobe anfaqadmw soldtfbntwheatin tite acid

grags per, er 0 ion
soluionFEh HOTYFE obt Subopis ARt Posretie s B rioso ¢
o about 500 grams per liter of solution. [0040] The
ul fonic acid solution of t e I n tion
00§Hat 3¢ SiopBpeaRve Slepepplaine SRy S Snf PG P lions of
the td¥EntidNRObArEuldFE efiREt RN Selutd ity aﬁwmmm subteaseimnichd cobalt,
acj solution is a mxture of asul %%Spca?%g
irony Fie g HSTEQRISEISAL 1Y 4 FRPPSIAR] SIVeF B e
v%ﬂ%\i%dmel ectropl ating sol utions, batterl es and
e-scaling formulations of the invention are

partlcul arly effective in solubilizing active netals

L £ K8 etalGARGate solutibibf tHd ilfen@bsl géfefdily comprise at
[ooﬂjbl g%%lg‘ﬁgc sucﬁergs copper and silver_w thout the

leasp pumiwdibilomelok salinan agisalestrelyiey gpfionally a buffering agent, optionally plating
bath additives generally referred to as leveling agents, brighteners, suppressois, ¢onductivity

salts and the like, and optionally a halogen jon. More particularly, electroplating compositions
of the invention preferably contain a metal salt of an alkyl or aryl sulfonic acid of this invention;
an electrolyte, preferably an acidic aqueous solution such as a sulfonie acid solution with
optionally a buffering agent, optionally plating bath additives generally referred to as leveling
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, 44, 4B, 5A, 5B,




[0043] Pure sulfonic acid or netal sulfonate sol utions
of the invention generally conprtse at |east one
soluble netal salt, an acid electrolyte, optio
buffering agent, optionally plating bath addi ?ﬁ/@ér&' 2007
generally referred to as | eveling agents, brighteners,
suppressors, conductivity salts and the |ike, and
optionally a hal ogen ion. Mrre particularly,

6B, T, BH, 1:Hanide AGd SN0 Fhctdl OFFIhe Sfriotideablensdruhingsnium jon or mixtures
preferably contain a netal salt of an alkyl or aryl

thercof FREREBSEdei d of this invention: an electrolyte,
preferably an aci di c aqueous sol ution such as a

sulfonic acid solution with optjonally a bufferin .
[0045 e Adletalsbamemidionate palta ey ge Baploy e iBiths w&c@%&gpﬁﬁﬁl%gsomns
whelef BE bREndsBlidSc éct?cﬁgﬂ trqf‘%émﬁtg 3 iSn ofithd ABGPARMA any free acid are

suppressors and optionally a hal ogen ion

intrealnebdtals @n Rikikor 8y Guilfiinigracidbhavingyiheformye ag aboxe.(1he pEsjerzgd-atcyl
| Rat LC. aci l.eg : Of 148 ) i on,

sutife A Dy Py, Al a8 (SR £ ard BbolTURM
metHanesalfonastscare partiguddrlygmefepedipeteksalis of the netallic

coating. Metal sulfonate salts selected from G oup IB,

2B, 3A, 3B, 4A, 4B, 5A 5B, 9 15 March 2007 6B, 7B,
[0048B, Thanerhemetelesutfombtaintthis inventivatiodledes fetatieng aretad gileys. Moetals

t.abl e and Lumd on e
and g a7 5 AETRLSR AT i 2 vl sy P B, BB i 55,
lanti@Wile @)€ setinidetrhetals ohhe péricdicastile apivell asragnsmiiun icprrg mixtures
wherein the al kanesul fonic acid of the anionic portion

thereof. t he metal salt, and any free acid are introduced
= as an alkyl or aryl sulfonic acid having the formula

(00435 1 s Ssbesnhont bt Of pbvraf e B e Sl

above. Metal nmethanesul fogat es are particularly
preferred nmetal salts. [0046] The term netal sulfonate
in this invention includespjriale -amgb @, all oys.
Metals and all oys may be §e| ected from Goup 1B, 2B,
3A, 3B, 4A, 4B, 5A, 5B, 6@y 7B, and 8B, [|anthanide
and actinide nmetals of the periodic table as well as

, amoni umion or mxtures thereof. [00471 The netal
whessd ¢+ofctaequalsldyl or aryl sul fonic acid usually has the

R, Rf’ %ﬂl’ %t thdSafhe or different and each independently may be hydrogen, phenyl, CL F,
Br, I, CF; or a Cyp alkyl group such as (CHz)n where n is from 1 to 23 and that is unsubstituted
or substituted by oxygen, Cl, F, Br, 1, CF3, or -SO.0H.

[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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MRa - C- S020H)y]2 1 R b wherein atb+c+y equals 4,
R, R and R' are the sanme or different and each
i ndependent|ly may be hydrogen, phenyl, d, F,
CF3 or a C-9 alkyl group such as (CH2)n wher e ﬁgwalchzom
froml to 23 and that is unsubstituted or substituted
by oxygen, d, F, Br, 1, CF3, or -8020H [0048] A
netal sulfonate salt may be suitably present in
[mmagl afr mkiﬁt;onv\mdml wtin cBsalinta riiivate, salfigente, iand oh:‘lendy@é@ Ggoup 1B, 2B,

48 80K SR, T ) T M Raldh SRR e ph o and

andn@ﬁi&mt i er mixgiradthepefimdyi dl®rbetuseddbh this ins@@iogr ans per
liter of plating solution, nore preferably at a
concentration of fromabout 20 to about 300 grams per
[0056]t ©PreBdrredthéiili rdhahedulfohated, arsSthodel of R, copper] el | fyrraus, alkali
concentratjon of from about 40 to about 175 grans per
carihjrpeials and glkaline sarthometalsi on. 10 15 March 2007 [0049] In
addition, netal salts of sulfate, nitrate, sulfamate,.
and chl orlde from Goup 1B, 2B, 3B, 4A, 413, ? .. 0B,
[008H, Th elsgirolytamayalsp gentein feaedd 19 ingrease pelptionsongyplivity such as that
neeﬁcec[ m% 1&6{% kit Al ol ARBRPLH A Hce@§es 5%%&&6-& e 86d has the
e used In this invention. Preferred .
sampmtiin avhehrasieksaltminn beontuees oheids oy alzcr dsoisepe of
mvéﬂt [Acxés%ﬁéhoéé%glaggéf% Etﬁlfﬁﬁk%u@%%p%ﬁ@'ﬂﬁéﬁphomc
h™ neta ectro al so contain
ta:tﬁntle,eomhc@hb&phpmc ammc@moag pihars @mdna @ﬁq&ntﬂys nyeHions
that needed in efficient batteries and
el ectrodeposition processes. The preferred free acid

7 [00B2}s The fres adig cantmmtios rangre frwi gHoutlagstthannl ynmnm liter to about 300

exo e B S Rt B o Bt dHdnt (6 E8B R 70D Bl per liter of

uric
plating dolution, stilcRére prefgratip i donc)antrpﬂws:;f Iﬁmm about ]thtp @mqt i580 grams per
.. oxal i c, phosphonic and nitric anong others may be used
htq?ltast"h%'gni nvention. [0052] The free acid concentration
ranges fromabout |ess than 1 gramper liter to about

[0055939]0 The invention also includes sulfonate solutions that are substantially or completely free
of added inorganic or organic acids and may be neutral or basic (e.g. pH of at least less than
about 13 to about 7). Such sulfonate electrolyte compositions are suitably prepared in the same
manner with the safne components as other cofiipositiosis disclosed hetein 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 ion 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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gramper liter, nore preferably at a concentration of
fromabout 2 to about 700 grans per liter of plating
solution, still nore preferably at a concentrat f
from about 10 to about 500 grans per liter of 15Matth 2007
solution. [0053] The invention also includes sul fonate
solutions that are substantially or conpletely free
of added inorganic or organic acids and nay be neutral
[0088] bhsidditioe taythe pidtad faltas aquecns aciH glestralitanof thisyentipg optionally may
bout 7). ch sul fonate Lt ifSiry. Th
conBi { UBieY o RLEA PR R R B RE Kb et kP AR PR . These
confpRnRayEe biemioiel ¢ asuddiios sutlomsuppresbs sgehty) esceleratdnagents,

wi t hout a ed,_free sul fonic aci.d. [Q054] .
levabpg g B IRCE. dhe prnta tubPRe asRE 5 por HERCh uith sgppressor
ageﬁlfﬁzim ﬁﬁgbﬁ&br ar baglivger Addfive ﬁﬁ%ﬁi‘ﬁau#ar]@@lﬁféxﬁddl aat lp%olvisdes surprisingly

chl orjde ion source. , mpl es ot her suitable
enhpneed gioing REFQTERENde) E?é‘i“i%ﬁ“gl? I i feyelate g“r?ﬁﬂ?sodi de. A wide

range of halide ion concentrations (if a halide ion is
~_enployed) may be suitably utiljzed, e.qg. .from abo .
[00361h eA_émﬁ)snnmgeatenmsbbp uspEH R E{?)Sulﬁan%@?@%g?% this jnyention. 'the Butfering
age&tqgém%t&ﬂmf i %&1‘8&%{1;%&! YexbhPIes S1hblel Bl ffePind BgdAts iddl0de

g/ 1" o altTde 10

hal N source in tTh.e sulfonic acid | . .
monpohthpisdie, dicarboslivandtiicaberylic peidsureh ap gitrgRfid, tastarie goif ypotassium

sodflﬁrf]{/ t%h{afs.eg hfn%&a?@%%?&#l;c %giy ﬂltﬁ%ﬁ?—é&n@dﬁﬁf §ar_61fxtyti@ fcids and phosphonic

contain a variefy of other
acidso Rpderendtis bardmatsh| y known i n the el ectrodeposition
i ndustry. These conponents are often referred to as
addi ti ves such as suppressors agents, accel erator
" [005@) enUsgful brighteném inchgle fhtose efitbe folewingifermulie use of a

buffering agent in conbi nﬁbisqﬁ_gﬁth a suppressor
agent, an accel erator or ‘brightener additive is
particul arly preferr&D8RISH-Bx@Esand ur pri si ngly

enhanced pl ating perf% -”‘ZS?:S-RREHJ%“' arly in hard to
u

pl ate features. [0056] eri ng>‘agent may be used

Whékﬁ)é ché Rgove lﬂdvrﬁﬂllﬁteﬁ B&h ldﬁ:%dﬂﬁll): ﬂjb&itthmyﬂ gﬂdmpl, Bihﬁareflerab!y is
urrering ., agent regul ates e aquri.ng el actro | S,
o ol B FORE STt o PG FBFPO R ATHED A ! eroul Besing
frofT2 194 RhBOX Wohis; Afs 6R6 ¥ fubgtiteted iy@oRwsueh e€optivhaly

such as citric acid, tartaric acid,, potassium sodium
substiuted phenyl erfaplhe andX ispeyititie gaupier ton such as ammomum,

sodft} 50 RGAN SR Pt ALK biighitdhels deched. PR a IphaByIc
acids. Preferred 1s boric acid. ..
dithibcarbamic 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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[ 00571 Useful brighteners include those of the

followng formula: XOBS-R-SH XMBS-R- S-SR SABX and
X03-Ar-S-S-Ar-SBX where in the above fornmul ag IS 2007
an optionally substituted al kyl group, and pref BW‘

is an alkyl group having from1l to 6 carbon atons,

nore preferably is an al kyl group having froml to 4

carbon atons; Ar is an optionally substituted aryl
refergnesu P agisularla prefptaddrightesers for e ip thenlating igamppsitigns of the
e AR, o BBl B S GRYIEE SRR R,
sulfdmoppipydiselfslei ncl ude e.g. n,fi-tlitnethyl-

di t hi ocar bam ¢ aci d- (3-sul fopropyl )ester; 3-mnercapto-

propyl sul foni c acid-(3- sul fbpropyl)ester;

[0058] MES.LRARLAE !l the freeRert umn@bn(mwdewng aalite) suchass ethoikylated
acid-dit |o o- ethy lEfer s-ester ,

omisgs R S PR B SIS A ioes AP AL P et esemts
such@s%%%ih‘?&h@ Ql%olﬁj 'p%%lﬁ(yﬂﬁe 1?0&1@@1&@*0@0@?@&)}&5 glycols; hlgh molecular

d di
we1gbﬁ B@}yp gréf g}ygﬂnﬁ g;r&'dgs (fan%ll wt. ISO% 00010 3 tm]L?m) bio¥K copopymers of

poly%}ﬁf %ﬂg}éﬂés?’ alﬁ?lBGl?&h&QﬁHtﬂﬁ&@ Jor@%dd%@@if&mﬁdﬁuﬁl@ﬁ idxylated

e co nds di scl osed in Pat I\g
dlanﬁnéﬁ?BaIB@-ﬁaﬂx fvétalje pusfeiciants mm@mmsgmé pl the fnvgntion are

' | 18 Hycol
comffef il o B M Rl S b A RS IRIBSHS PR B B
copd)ymghteners are al so 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 12 15 March 2007

- [0059]3f éWetting agedRsaychel wed ith the felfoniciacisisiof Hisinesntiono Fhe wetting

onposi tions of & tion are
agelﬁs W%E?l’geh‘?%ﬁdr}gn R8s é)%l%corglg | tl %’mg%iy‘?%pr opyl ) est er
and bis-sodi um sul fonopropyl di suI fide. [0058]

[00 rr fﬁg-.t antggmlg{s?g;] 5%1'5% hxgxﬁlele égentts fop%gtgfs p%c{lfaﬁ;r ﬁqﬁe sulfonic

am nes
ac:dwﬂmﬁmh&y jsanel mmeme&icpmmm de dmd:ahag(pmg;sesa Mxdmples of suitable

oJo) col-type wettin g .SUC
S g R T
acid Ot M&ed zﬁxd pb@ ki ke Gifitrate, amino acids, parhcularly glycine, oxalic acid,
alklylamines, alkylalkanol amine, EDTA and phosphonic acids.

e

[0061] FElectrochemical 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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wei ght pol yet hers; pol yethyl ene oxides (nol. w.

100,000 to 3 mlIlion); block copolyners of polyoxy-

al kyenes; al kyl pol yet her sul fonates; conpl exing
surfactants such as al koxyl ated di am nes; 15 March 2007
Particularly suitable surfactants for platlng
conpositions of the invention are commercially

avai | abl e pol yet hyl ene gl ycol copol yners, including

[0063] y eti¢rprobis igghryfebly aauqhwlteﬁrma surrdn0Q58ily Mbging frgmdgesithan 0.1 to
ol L5 A BE e M B

chamit@istics. or non-i onic nnlecules. [ 0060] The invention

may al so use conpl exi ng agents for netals particularly

if the sulfonic acid of the invention is used in

L ec osition or de- sca r,ocesses a es, of

1004f ; RESBEE HoieR o et BROAOPH R 0 FE T BT T twenty-
foudl heds bonple, Bepafiding 6 B8 AIFBRIY of tiRoiak phe&mﬂ&h@ddsrrectﬁmsh

acid, tartaric acid, potassiumsodiumtartrate, am no

aC|ds particularly glycine, oxalic acid,

[00%15}<| Yﬂh@ Mve8Son dabdribb@hk@iRluda thé1ese oE DT qme rahpamwm&

aclds. [0061] El ectrochem cal processes of
WaV?fQ@Fﬁt tp GHesYplyREoduge # Pamggially F‘éﬁ"ﬁPtP‘é‘é ?e%%m%?réﬂfﬂng
tenperatures to el evated tenperatures. Preferably, the
el ectrochem cal processes are used from about -200C
[0066) oo anvestmndispibad mgy alse Hsetafelybleos as fsaluplg of insrt electrode
mate2@P2] The sulfonic acid solution may be stagnant or
I's preferably agitated during use such as by using an
air sparger, physical novement of the work piece,

*° _ultrasonjc radi on, i npi nment r, ot he SUIt

0042} hg“ugndefsmfs Dﬁlﬁxb@rﬁtw@ be[%e%@ilatsz é‘EF?%‘F{&‘ egated
corduShRIRBYer e@mmoﬁ%oaho@ ST ivEnticle BS HikotssedABb Y Tflds om

less than 0.1 to 3000, anperes per square.f %(\@SE). h
corgeasiogt Agth awﬁnttqa@repwaa*ef@?élyawuﬁﬂe °&fF e,»ﬂ%,’q ori pleces, such as
cirGioafl @hdtSids Gth splall QBdHetdEbREToWspRt Fiad ¢rm6u%wolés';l R@&rated

from about [ ess than one mnute to greater t
cirqujfe pila low genectiatin wasp intogsated CIH%‘ES%WH]P }%@h aspegtation microvias and other

elegicrnfld fEHlltﬂe\é Ble difi s WohosRIORE 61 BF ﬁlVExﬁﬁm%% ‘vﬁﬁ fe Ezérﬁbtﬁﬁl‘ly useful for

The |nvent|on descri bed al so i ncludes the use
pla@g @tqggaéqd cigguit deviess, syelt fsdfgmeedsgicapductor devices and the like, The

sulfonic acids of this invention will also be useful for the de-scaling of metals. The sulfonic
acids of this invention will also be useful as an electrolyte in batteries and other energy storage

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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wavefornms to effectively produce a comercially

acceptabl e netal or polynmer coating. [0066] The

i nvention described nay al so use a sol uble or

insoluble or inert electrode material. [0067] a‘k '\\/n\na'écé' 2007

variety of substrates may be el ectropl ated, de-scal ed

or coated with a conductive polynmer with the

conpositions of the invention, as discussed above. The

conpositions of the invenEtampleake particul arly useful

o0 electroplate difficult rk pieces, ch.as cir.cuif,
1006Bb ks RSB igsvailapt ToHatprrar DS Aok (M 8P WL euifi's hign
conc¥h@itiof lof R HEHIRAAShESul finBie SIS ACH3E 00 8CHS)] Whds pufifisdl by the

aspect ratio vias, integrated circuits wth hig
folloganeRrpcedsis on ni crovias and other electronic

feat upigs. 23 bt Rivh REHERIRBSHIL AR SnRniAd e hiMGREkMion (ppm)

al so I'l be particularly useful for plating

i nt egr at edtvag placadiiptoddPP sd beakstich as f or med

sem cpRdughny L £ 55080k 1.4 -?I«AEELE db@BhFthe MSA

aci ds- of tggﬁshyﬁl%éergﬁ%n Wlof S%I slg% e ué‘gfli?ﬁfor thg was

de- scal i njeaddd tord #@ HegreeF [Hehrentictt dorithree bevirsls of this

i nvengjonw |l .al ful. '

Xeﬁ:% d
bat t e& es %’awt %ﬁlf%%ceér%gsos ug?}gaggoogéé@?%geo?} an g i ?1%
t he pol ynetdlyat fadITSor gani ¢ nononers to form

conducti ve polyners. [0068] The foregoi ng descripti 8”
[0078} (T cppagawation.ef MMER pleryhd hydipgen BrroXide EFpgRvas gppydetectable

by ghe chrSinatb Sy ThARSHs ! Rdr piAfidAbh B8R MK babBillitbd ©APORSthe addition
can be etfiected without departing fromthe scope or
ofwalgi.rit of the invention as set forth in the follow ng

t007E k5 R BT 2B Bl 14 v
eiec&dl:ftﬁd }iﬁnié% ﬁbxﬁg ttiﬁ iaiétbcghan iﬁmgemﬁiﬁﬁm'smﬁldd;éoated titanium cathode, During
cleof1 1B g et B 1B RS “Peiars T By g o wes

added iérayBéhaARd h{cQRhdspaseipds RE theBlebochemical cell was smelled for
parts-per-million S}pprr) Was %Iagéed into a 500 %

deteqiable ador. Afier ot () @B A CHEY 35 adeeds Bt Rftor 51ae nqticpage.
grans, was added and the MSA was heated to 140
degrees Fahrenheit for three hours.

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.

v

[0073] During electrolysis, tin dissolved into the 15% MSA. Methylmethanethiosulfonate
(MMTS) was incrementaily 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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(3) The met hanesul fonic acid solution was cooled to
roomtenperature and analyzed for MMIS. [0070] The
concentration of MMIS after the hydrogen peroxi

treatment was non-detectable by gas chronat ogrg% )?rChZOOT
met hods. After purification the MSA was diluted to 15%
by the addition of water. [00711 B. A sanple of 15%

nmet hanesul fonic acid (MSA) made according to Exanpl e

1A was electrolyted using a pure tin anode, an

i nsol ubl e iridium oxide-cqated titanium cathode.
During electrolysis, tinﬁ@g@ﬁved into the 15% NMSA
[0074] chlsan ?IE%WY%'E&IE%E%BEQ%QM@M@M&@& in®taagle 1(A) was

incremental |y and the head lHa‘glzqace gas .above the
elegsiolsgesditmpisalin aeqde, aciBsolvhls Tidigm ewide-enated ditaniima cbrsle,
After about 0.9 ppm of TCI\/IS was added, an odor was

noti ceabl e. Exanple 2 2-1 A sarrpl e of 15%
[Oﬂﬁtat hBﬁ@%ﬂﬁQﬂm@lsabﬂ disg Ayntﬁﬁl@éS&’sMSA Methypnethaneiiyosyi{anate

%Xlreﬁxgntm :Qﬂe{ijl ﬁ W &84 ]%}ﬁl]‘l aRR Yor vAE dEfE&QJ)lH b'i"@thls solution

| ridium oxi coate I'tani cathode. [0 Duri ng
Wasefidd@i 1.6 lppiod Tnt:lmmmhﬂsssl&oﬂm@i(TGMSﬂ ﬁh@mmm or was observed

R T R e R R T

ceII was snel | ed for detectable odor. After about
0.25 ppm of MMIS was added, an odor was noti ceabl e.

MMITS was seen to deconposgxuﬁ 18 chromat ogr aphi c
techni ques to r| mar i I d| nmet E%I sul fi d%ﬁfééﬁ’

[0076]c &) seaplesfys o@%@nps ) was

_ eledHofBd VWS duk g @N@)m\mmblﬁh&mnmﬁarcw@@d gfabftiin cathode.
' el ectrol ysi's, both odorous inpurities. 15 15 March
2007 Exanple 3 [0074] A sanple of 15% net hanesul fonic

[0 ?’f]' dplYRAY 5%%15‘3&1 i8sdRERATRb Sheli6) MBRS Tncloromethylsulfone (TCMS)
ectrol ytesdusi n &Jre tin anode, an insol ub

was adkie] anh et clectiobisiette M3/ hnrlecoisisesll came dlwmhﬂtfglﬁde and

nto the 15% I\/SA
dﬂ/ﬁ‘?@ﬁ@éﬁ%ﬁggtﬁé g%g[?‘%%%at e OJ(n'l\/MTS) was increnentally

added up to 0.85 ppm An odor was detectable. To this
sol ution

_ 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
contzined 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
[0080] Two putities of methanesulfonic acid (MSA) were tested.
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was added 1.0 ppm of Tricloronethylsul fone (TCM5). A

very pungent odor was observed indicating a synergy
between the two inpurities in producing the

undesirabl e odor. Exanple 4 [0076] A sanple of &%%archzom
met hanesul fonic acid (MSA) made as in Exanpl e l¢A\ad&s2007
el ectrolyted using a pure tin anode, an insol uble

i ridium oxide-coated titanium cathode. [0077] During

el ectrolysis, tin dissolved into the 15% MSA.

L1 C [ : 0
005 cHRE PEEC it RS HPAM G e BEEERIANG AR prosent
invendod avhick ovasl imadt lycbsiingf tb the povedure pfigxampllel} exdepi thet it was not
d.Ilgading to an undesirabl e odor. Exanple 5 [0078] A
Huge hpl e of 15% net hanesul fonic acid (MSA) nmade as in
Exanple 1(A) was electrolyted using a pure tin anode,
an insoluble. irjdiumoxide-coated titani m cat hode.
(0087 S IpppTiiy. With ERPUILy & coch ERPOSITOR A TN o t he 15%
MSA. After electrolysis, the MSA contained no

under si rabl e low valent sulfur—cgprpogynds—A-sim | ar
and after el ebtroryais, Al AdRL M@, detected and the
anal ysi s shofggipgT et hy§ 50 de < nylsultlide, d

met hyl di sul fi gg,@nd dimeLyTtrisulfide were |present in
the MSA. Exan ﬁséi [0083%‘?&0 P 5t
of met hanesul f lactd—{VBA—werg tested—146 15 March
2007 14 Mar Chﬁ%%%’? [008Y—COne comercial ly

avai | abl e 70%b&vs The otmer /09%ER.0T the priesent

i nvention whi chcx@s nadeNeecordijg to the priocedure of

Exanple 1 exc:EZTthat it was not| diluted. [|0082] The

A

impurities, w IﬁTﬁﬁbuntsflin eactf conpositidn is as
follows: Wi XAt i oy

oo 1lacls Aot
mcSS T1riurovatl CU)

[0083]) A zinc methanesulfonate solution was prepared by dissolving zinc carbonate in 70%
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 selution was done on clean steel panels
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.



Conmponent | D 70% MSA of Commercial 70% the invention

MSA DMDS 0.05 <0.5 MVB None DMBO2 <5 20 MCMS 1 2
MMIS <1 10 DCMS 0.1 < 0.5 TCMS None 2 O her arch 2007
Unknowns <1 4 (total) [0083] A zinc net hanesul}onaf

sol ution was prepared by dissolving zinc carbonate in
70% met hanesul fonic acid as |isted above. The fi.nal
concentration of zinc ion Gl$me5 g/l. During |

di ssolution of zinc in the inpure 70% MSA, a pungent

odor was observed while the zinc solution prepared

. usi Rﬁahﬁ@o&'s@ﬂﬂoﬁ@of’ @?mﬂe&?&h@&éﬁ oL scﬁﬁtsofg.%glei' e

An addi'ti onal nol ar was atded to ea _
met ¢RIMpIEURE @a@lﬁnmsmmdmn@ ow cdm‘:estaatmn? ofbovBAalehtedulfandl) and

e cothB RDGBRPyncs i Bier vl sk (ED) commonndbatsne

on @isestibi ®ekdiR@g! s at 60. anperes per square foot
(ASF). "The zinc deposit plated fromthe cl ean 70% MSAS

el ectrolyte was matte gray and unlformvvhlle the zinc

- dar PRt R Gt Mvinbfeea o ilect il ) Sng Bl

| 200&:@&@&%&@}9@ ma@@muwl}@dn%ﬁ@é ax%%nb@)iyﬁﬁ‘isulﬁde,-
el ectrochem cal process, the sol ution res

sul dimsthy! selfide meﬂwb\ﬁtt!ﬁ}ﬁémmmmmtbylcﬁeﬂmhwaahent
suI &bﬁlox‘ollﬂgthﬁ'?ﬁleﬂlyl sulfone, methyl methanehosulfonate and mcthyl

methanesulfonate. .

) _The solution of Claim 1 for use in electrodeposition, batteries, co_nductivé

* polymers and descaling processes.

The solution of Clau:n 1 wherem the total amount of reduced sulfu:(IV)
compounds is lcss than 50 mg/hter

' ‘  The solution of Claim 1 wherein the concentranon of rcduced mlfur(II)
| 'compounds is less than 50 mg/hter ' '

SN The solution of Claim l wherem the sulfonic acld is denved from an alkyl
v monosulfomc actd an alkyl polysulfomc ac1d or an aryl mono or polysulfomc o

" acid.

The solution of Claim 1 wherein the sulfonic acici is:
: ‘ ' R’ '

l ‘ ,
— C —(SO,0H)y

|
"R

18



o,

11
. aCId is about 30t0 about 500 grams per liter of solution. .
12,

13,

14,

sul fur (1V) conmpounds and hi gher-val ent sulfur (V)
conpounds that are susceptible to reduction. 2. The
solution of Claiml wherein the | owval ent sulf [

and sul fur (1V) conpounds and hi gher-val ent su M%rcr)zom
(VI) conpounds are dinethyl disulfide, dinethyl

sul fide, dinmethyl sulfone, trichloronethyl nethyl

sul yR&ein a-i%l+@fll§ ehedIB s | R "Bl ar§ tHef o es'ﬁff?i-oht and each

met hanet hi osul fonat e, -and nmet hyl  net nat e. -
3. indgpesdentiuane d:grdmfgerr,l penyl1ClL & BndeCFpor a lower Cig alky] group

Gocta S RO P blorevBipe el B oo f.gn i L. B 500K

vvherel n the total amount of reduced sul fur(IV)
n:lghﬁnds is |ess than 50 ng/liter. 5. The solution of
solutigmerfeFlaim Aevheaie emifom acichisahethemksoHadnic acid,
sul ess. |ter 6. The

d
soléﬂ?&%#%?m RS e R Rt Elrniitlromie o
dermulﬁﬂ:hfdr&@ibﬁl@n@dlﬂfomdﬁﬁtp%ﬂ&%@ﬂﬁﬁéﬂsﬂ%@ééﬁ' 1,1
pol ysul foni ¢ acid or _-an aryI nmono or polys foni ¢

acictharpdisyifenis grid 2-6hloas-1dethanedisuifenie ramdt hé dichlbrnal, ¢-

o hrRoisafic o6, 1 fronb SRR £ 3 o NS Gl

d| faki, e[ﬁ-ethménedisblfomﬂ daﬂenswﬂwe@rdsslmmi&g%
CF3 or al ower -9 al kyl group

é%lﬁpsrom%l@aswfost%@' i rbusﬂass#ﬂomstasui Byrﬂowygreﬁane@nlfom ac id,
;
gr gfaﬁgi.lﬁlb%aﬁ:r acxcﬁg%ds@fom gi:&fofls‘?ﬂ'foﬂ{c é@l@'pq}s

oni c 'S net oni ¢ acid
toulenesulfomc acid, xylenesulfonic a01d or mixtures thereof.

‘The composmou of Claml 7 Wherem the sulfomc amd isa free alka.nesulfomc

acid and has a concentration range from 1 to 1480 g/l

The composmon of Claim 9 whercm the concentratxon of the free alkanesulfomc a
acid is about 10 to about 700 grams per liter of solutlon

N

“The con1pos1t10n of Clann 9 wherem the concentration of the ﬁ-ee alkanesulfomc | .

The‘ Cmﬁposition' of Cla1m 1 whercin' ths pH 1s beﬁween 2 to 13 -

' ‘._The solunon of Claun 1 whcrem the acld isa mixture of a sulfomc ac1d w1th other" R

morgamc or orgamc ac1ds

‘The soluﬂon of Claxm 1 whlch contams a metal sulfonate salt or other meétal salts _
| and free sulfomc acids and Wlnch is intended for use in electrodeposmon, -

-battenes conductive polymers or descalmg processes
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et hanesul foni c acid, propanesul fonic acid,
met hanedi sul f oi uc aci d, monochl or omet hanedi sul f oni ¢
aci d, d|chloronethanedlsulfonlc acid, 1,1-

ethanedlsulfonlc acid, 2-chloro-1, 1- ethanedlsulF%WF

rch 2007

acid, 1,2-dichloro-1, 1- et hanedi sul f oni ¢ acid, 1, 1
-propanedisulfonic acid, 3 -chloro- 1, 1

- propanedi sul foni.c. acid, 1,2-ethylene disulfonic
acid, 1, 3-propylene disulfonic acid,

15.1 r | Theusloticet dfaCiaill # ovierimihitnetdl saR Reinto i aRdcas a8 alky] or aryl
perfl or obut anesul foni ¢ acid, pentanesulfonic aC|J

08if cBhpitosEg:  phenol sul foni ¢ acid, par a-

toulenesulfonlc acid, xylengsulfonic aC|d or m xtures
thereof. 9. The conposition of Caim?7 wherein the
sulfonic acid is a fr &ﬂal kénes Ifénlc acid and has a

concentration range f

Y210, The

conposition of Claim?9, wherlei n the concentration of

- the free al kanesulfonic adk® is about 10 to about 700

granms per liter of solution: 11. The conposition of

ncent tion

daimo i t the f
o Pellsdio PR Sl M B SR St ramieb o CpupriB. 28,
per3A g r4A0f4BS QAUSB o8B, 78 8BTﬁ%ﬂﬁﬁmBQ§ 'aEﬂnSlHe ﬁfetﬂ 8f Bk beriodic

wher ei n 't he ‘pH bet ween -2 t . The solution
of tehlgiand imﬂh’-élﬂlén ROIY Premixsires ihsreaf rRoBt’ umné PoTara thedafrerirc

20 e B R S SRS A S o

‘solu

Salallkj,fl lerqphiit iTehalbssmtddor sabtiniie®By 51 deanNCE RBrds cmdar -

which is intended for use in electrodep05|t|on

bat¥lks, conductive polymers or descaling

processes.. 19 15 March 2007 15. The sol ution of

- Caim1l4 V\hereln the netal salt is introduced as an

- 16. aI IaSHc sotutmnyotf Claiml T@whuemahdsxdfonﬂmdidjbﬂtheﬁmbnﬂd patiofof the

L]

N by oxygen, CL, F, Br,I CE3, or -soon, |

17.

- concentratlon from about 1to about 600 grams per llter of aqueous soluuon

m]and any free sulfonic acids are mtroduced as an alkyl sulfomc acid of »
- formula: - ' '
' R’
] o
'Ra— C —(S0,0H)y . _
Rb

wherem a+b+c+y equals 4,

R, R’ émd R” are the same or chﬁ‘crent and each mdependently are hydrogen, T

phenyl Cl F, Br I CF3 ora Ci23 alkyl group that 1s unsubsututed or substltuted '

| The solution of Claun 14 wherem the metal salts W111 be employed ata

'2_0‘




R b wherein at+b+c+y equals 4, Mis a netal selected
fromnetals in Goup 1 B, 2B, 3A 3B, 4A 4B, 5A 5B,

6B, 7B, 8B, |anthanide or actinide nmetals of th

periodic table and amoni umion or nixtures th&@ﬁf",h 2007
R, R and R' are the sane or different and each

i ndependently i s hydrogen, phenyl, , F, Br, I, CF3

18. or biﬁg’: %ﬂ{%ﬁ@ t&é@g[ ul?eé h?.}p_e su%p&%fa%?d%pge%%s&%@@pmd

16 ethBgesaFbait 07, pﬁfpaﬁsﬁlf@ﬂx@ﬂcﬂ{‘zﬁmbfblﬁaﬁa&g{ﬂ% geag % .

acid of the anionic portion of
f r emigutes dgrecfaci ds are i ntroduced as an al kyl

sulfonic acid of fornula: R'c Ra- C- (SQ20Hy RDb
wherei n at+b+c+y equals 4, RR R and R' are the sane or

19.di f The @tui@ner @%ﬁﬁ I%WQ%F%H%%&XI sﬁggnﬁF dP 9 Beher meﬁﬂ salts is

phenyl, 4, F, Br kyl “grou
is @?{M@sﬁ' mun@tdls(mn GsolpsB.OR, éA 3By4 Ax4BENA, 53,,613‘;,713583

: 020 f C
a7 FRRGH akrs s PRIGHCA R S e it on o mixture

condemrbf,ati on from about | to about 600 grans per

“liter of aqueous solution. 20 15 March 2007 18. The

20.
21
722.
e

24,

solution of Caim14 wherein the sulfonic acid is

rretm 0 Ifon cid,. . '
propane?ﬁloinogn} éla'%g?%w@;re‘lr}?ﬁg Eﬁq?'ﬁrﬁul" acid or
m xhethasestfenzaf . 19. The sol ut| on of d aim14 wherei n
the metal sulfonate salt or other mnetal saItS|s o

selected.fromnetals in Goup I'B, 2B, 3A, 3B, 4A 4B :
SA TRBolfin o?@:laxﬁﬁm wherein the metal sulfonate salt is copper

methanesulfonate

The solution of Clann 14 wherem the metal sulfonate salt 18 mckel

.methanesulfonate _

_ The solutlon of Claim 14 'wherem the metal sulfonate salt is ferrous o
| methanesulfonate

: -The so!uuon of Clalm 14 wherem the metal sulfonate salt 1s an alkah or alkahne a

i *'earthmetal

2.

2.

. The solution af Claim 14 whefein the metal sulfonete salt o';r.othef metal salts is
: supphed asa mlxture of metal sulfonate salts selected from metals m G—roup lB
2B, 3A, 3B, 4A, 4B, SA 5B, 6B, 7B, 8B, lanthamde and actinide metals of the *

| penod:c table ancl ammomum 1on

The solution of Claun 1 wherem a buffermg agent is added to modulate the pH of o

the aqueous solution, -

21



| ant hani de or actinide netals of the periodic table

and anmoni umion or m xtures thereof. 20. The

solution of Claim 14 wherein the netal sul fonat

is zinc nethanesul fonate. 21. The sol ution of %g%l#hzom'
14 wherein the nmetal sulfonate salt is copper

nmet hanesul fonate. 22. The solution of Caim 14 wherein
the metal sulfonate salt is nickel nethanesul fonate.

23. The solution of C aim 14 wherein the metal

27sul fiowabrtsalof Olamf By whdtsin tREblRI¢SHiORage. 24. The

solution of Jaim 14 wherein the netal sul fonate salt
is an al kal i or alkaline earth netal. 25. The
sulfona

23‘S?| gﬁ{h b 1on gr ésaé h Swlll;cﬁ rcgllut%’gts Qrgarnggtgaacdttmrg@gr@ e%fesélal:llom aniline N

net afssjshﬁemnemse%ﬂgreeé ected fromnmetals in Goup
1B,, 2B, 3A, 3B, 4A’ 4B, 5A, 5B, 6B, 7B, 8B,

|-ant hani de and actinide nmetals of the periodic table

N R AL C R NS

aq uelitasesafbuit iaoil. is Fist teatvbeCitndO Tow2Flent. Mﬁﬁ%olleétﬂ’@s by: .
%Inggﬁ in the buffer-is boric-acid. 28. The
s oI € asewmoew g uficient sﬁldemgeesontrto insmasse the

sel %a&fé} R ARVAIEAul legﬁlh%ﬁré%glg eiasrl.l.l nflc%eaﬁ%l athtemperatures .

pyrrole” 29. "A'process
pur betyveen R ﬂewtdbbomﬁé’ca‘or alsuﬁﬁbtemetme fo i@€rease the valency of the

| &fneséﬁf onﬁ% leﬁgl:egggtilégllg;}{eggéﬂf&eﬁgkan Sesqlg:guq aq;@to elevated-
aI keagetiriedtdreaove résidual 61i8RngQpkati Zﬁcl‘&ptﬁﬂ&llly a&amg actlvated .

increase the

" 30,

31

'. o 'accordmg to Claim 1 to provide a metal i ion concentratron vanes from 1 gfl to 500

320

3.

carbon powder to remove residual impurities.

The process of Claun 29 wherein the OXIdIng agent is selected from hydrogen
' peroxrde nitric acid, permanganate an anodic electric current, o
monopcroxysulfate aqueous solution of chlorme ora halogen ina solutmn of a .

B carboxyhc acid.

A _process of making metal sulfonate soluhons by dtssolvmg suﬂic1ent pure -

 metal, metal carbonate, metal oxrde or other metal salts into an aqueous solutton

gl

A process for the deposition ofa metal from the sohition in Clairh 14 oohrlprisirig' S
| passmg an electric current through the squtton to electroplate a metal ora metal ’
alloy onto a substrate o ' o

- The process of Claim 32 wherem thc substrate is a semiconductor devlce a

: prmted circuit board an inert electrode steel copper or copper-alloy, mckel or |

22 .




val ency of the |owvalent sulfur nolecules, mxing a
sulfonic acid at tenperatures between 25C to about

95C for a sufficient tine to increase the val en

the 1lowvalent sulfur nol ecul es,optionally, fa%lM%PCh 2007
the al kanesul fonic acid to el evated tenperatures to
remove residual oxidizing agent, and optionally,

addi ivat.e ovvole to remove residual .
i npt}}cﬁﬁa é‘i"y §6baqﬁﬂ b?lgg‘é o AGPITRSHOry Te3 Quigtae Fer freoran -
oXi digamitOsud@estt. i s sel ected from hydrogen peroxide,

nitric acid, per manganate, an anodi.c electric current,
nonoper oxysul fate, aqueous solution of chlorine, or a

hal n.in | ut baxyl..c acid

340 r od 08 Brisps St nE Duareufine GRlEPae B it Piirangytionte acia
di ssol vi ng sufficient pure netal, netal carbonate,
metal oxide or other netal salts into an aqueous

35.s0l dbe ﬁrpcesﬁcctf&leuthZ pieimibmagnecas polotionl eortaime & atixiuonof
con r n_ Vv es from1 /1t05 32: Aprocess
for 9%%@%?1}?&1@6?0%%?3 OB ACHE: sol ution in
Claim 14 conprising. passing an electric current .

. _through the solution to el ectroplate a netal -or a

36. et Ahe praceHOI S 32 whersin e electrBIurrEhis prditeeseurmeht, pulsed

da rate is a sem conduct or
dev%@éﬁgo%g{(ﬁ c{‘:e&@%e}sﬁ%ﬁ&ﬁ board,. an inert el ectrode,
steel, copper or copper-alloy, nlckel or 22 15 March

" e 200 ni ckel l.0 baJt or cobalt_allo ' o
3720 Bt Shoais s Slse R o ingplubleiogaparcanode s used.

substrate. 34. The process of Claim 32 wherein the
sulfonic acid i s methanesul fonic acid. . 35. The

+ 38.pr oblsprooéssof £llam332 wherisithe tdn@emuemfshesmllmﬂoran between 0°C |

cont Zgn?s’ a mxture of sulfonic acids and ot her :
mo‘i;’? t and organl c acids. 36. The process of C ai m
32 mhereln the electric current. is-a di.rect current

‘pul.sed current ‘or_periodic: feverse current:
39 The process of Claim 32 wherein the metal is a pure metal ¢ ora rnetal alloy, the

- meta] selected from Group lB 2B, 3A 3B, 4A, 4B, SA 5B 6B 7B SB the
lanthamde or actinide metals or alloys thereof L

40. ,A process for the de scahng of a metal 1tem oompnsmg 1mmersmg the meta.l 1tem c

“having a scale layer thereon mto the SOlllthIl of Clazm 6 and passmg an electnc |

. current throuah the solutlon to remove the scaie layer

- 41.  The process of Claun 40 wherem the metal 1tem 1s a semleonductor devlce a. .

- pnnted circuit board, an inert eiectrode, steel copper or copper-alloy, mckel or '
. ' mckel—alloy, cobalt or cobalt alloy or a reﬁ'actory metal or ox1de '

42, Theprooess of Claim 40 wherein the acid is"methehesulfoiﬁc‘acid‘.__

43, The process of Claim 40 wherein the equeous solution contains amixtureof

23




37. The process of Caim32 wherein a soluble or an

i nsol uble or inert anode is used.. 38.. The process

of Claim32 wherein the tenperature of the sol utj i
between 0C to 95C. 39. The process of dain 325“’&“'?2007
wherein the nmetal is a pure netal or a netal all oy,

the nmetal selected from Goup 1B, 2B, 3A, 3B, 4A 4B

5A, 5B, 6B, 7B;. 8B, the _lanthanide or actinide netals
or afoBiFsicidsend sther wpreanipanscerganie geidshe de- scal i ng of

a nmetal itemconprising inmmersing the netal item
having a scale | ayer thereon into the sol ution of

44.C dl'lve froessd op @%siY) whereinabé eleCiric GUfrERIE a diveUareht) Bulsed

45,

solution to renove the scale layer: 41. The process of

O AUEReNNer RO IVETRRCYEaTEl item is a sem conduct or.

device, a printed circuit board, an inert electrode,
steel, copper or copper-alloy, nickel or

ni CRied pratdsoyf Clitad Ot whereia@yalubled A)insslubte oe ineacdledtivde is
nmetal ~or oxide: 42. The process-of Caim40 wherein
theé®8&id i s net hanesul fonic aci d. 43. The process of
Claim 40 wherein the aqueous solution contains a

~"m xture of 23 15 March 2007 sul fonic acids and
- other inorganic and organic acids. -44. The process of -
- Claim40 wherein the electric current is a direct

current, pulsed current or periodic reverse current.

-45. The process of Claim40 wherein a soluble or an: -

i nsoluble or inert. electrode is used. 24

24




