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%#wwgbm%yrbem@m la#}s&uwt &lwéhwﬁf@m the sulfgnic acid of the
Gﬁﬁmc-ps%ﬂ:&' thEEiad Qltatdanydfek ¥did & kdt@iced M0i High mkie alkyl or aryl
ne#hanes Ifoni . et-hanesul foni c and propanesul fonic

¢ ﬂgcgﬁék erred al kyl polysul fonic acids are

nmet hanedi sul foni ¢ aci d, - nronoBhl or onet hanedi sul fonic 6
WO 2004/ 105051 PCT/ US2004/ 014900 aci d,

di chl or omret hanedi sul f oni ¢ RacCdHSEOHet hanedi sul foni c
acid, 2-chloro-1,1- ethanedi dul fonic acid,

1 2 dichloro-1, 1- ethanedlsulﬁonic aci d,

ropanedi sul foni ¢ aci d, '

dwn@ o-Whereit.dp antRT ¥ ﬂwém%ora'effeaent andpaciyipdependently may be
diy&lebdD Pheny12C], 8, Brly, SFPErQANNW & Ry Cdrsupl shéh s ¢CHy)n where n is from 1
to 7 and that is unsubstituted or substituted by oxygen, Cl, F, Br, I, CFs;, -SO,0H. Preferred

alkyl sulfonic acids are methanesulfonic, ethanesulfonic and propanesulfonic acids and

preferred alkyl polysulfonic acids are methanedisulfonic acid, monochloromethanedisulfonic



acid, trifluoromethanesul fonic acid, butanesulfonic

aci d, perfluorobutanesul fonic acid, pentanesulfonic,

and the aryl sulfonic acids are phenyl sul fonic,

R€§Q8LﬁH onlc par at oul enesul foni ¢, and PCTﬂBﬂmM&MWW
&hd801% ni ¢ acids. Zinc methanesul fonate is

particularly preferred zinc salt. [0031] The 2|nc

Said] dlﬂmtmbethﬁiddi&tﬂﬂhly afld, @ sledihantdisutforie hc&d izwaloyo wide

ﬁ'x ?f{“;" gcgd rlgndgc?;gf% bﬁ-e%axgaﬁlzsﬁl%} {cm \1Mpf nEtbegwulfo% ac1d 3-
&krbi‘cxay b-prc@hnedlsulﬁmmcaeldl lr,atthyimefdusulfma@md, 1 3-prapykebodisul 50
giEﬂr% ?Lﬂlo%n%%tpﬁ&r om&’g %tgegulgogﬁra‘éid e@ﬂtﬁfo%g%%sﬁ%onﬂ: acid,

concen ans pef
[atavesulfonichendsl apliefricgei 4 Bsesul i eamnifonter o
GRARRLEBIEALE) 2 xAdnBIFHIOMNds 4 Bint SreMRIMIFOARE isH RARUBAY
I'iter of solution. [0032] A variety of |anthanide
Erfesedginedlas ceriumsalts may also be in the

g0033] I alh¥ biRc saltr@dythd utiabi@ pfesdnt B rautlnfe@naﬁeccmﬁémadmwgem the
t he

EPrRONE Compertion P s e Ay A SO G TR AN o

%ﬁdeﬁﬁatﬁﬂ iffomanbolit & fyyabbutes60 graing pardieer of solution) weeipraferably at a

Al B e B U B
tplrﬁerslalrret aorenetnfrition efirona Alpuiedich abauti|Searriesiret Ylerafyelation.
%'(szg &y g'%@{énth e saffs subll as clemuncfa:fts Fﬁﬁy Asd lQeViﬁ‘ Ehe%iekﬁ‘élyte

%@n p suc n where nis froml to and t hat
i dassties sulfengtespitsanpy e PrDIpY ipipe é@%&ﬁ?luﬂ@s whereirpthe
|su1f<§Fé’>ac1cr é@?ecﬂﬁlioni’r ehigh b@R: ladthdtide seritls ki inG aRChéb adidQre

met hanesul f oni c, hanesulfonlc % ropanesul fonic
dptrogicedidga ‘;SF@F"&VP op | ulfprie gedd 9% g‘am ds are
met hanedi sul foni ¢ aci d, npnochl or omet hanedi sul f oni c
aci d, dichloronethanedisulfon?c aci d,

1, 1- et hanedi sul fonic acid, 2-chloro-1, 1-.

et hanedi sul foni c acid, R - C -(SO,0H)y

1, 2-di chl oro- 1, 1- et hanedi sul fijoni ¢ aci d,

1, 1- propanedi sul fonic acid, B

gMSQF ]? g%l}el‘enpﬁ %%ﬂ@ﬂ* at! %Qﬁziaé:or@ﬁfe%nt anfl’ e%hhﬂ&eﬁ&ﬁenﬂy may be

| SU C aCId -pro ene disulfonic acid
thyfitopere phenek 6 ﬁ&rul, ﬂBnq:r@ Haear alkyiaeupsach as (Gtl)e where g is from 1

ﬁ Vfa}ldjﬁlhqpbﬂs%ﬁxﬁhfopﬂﬂb&tﬂéﬂ 4 oxyﬁﬁ r@lap e Ul ERNLSD,0RN Preferred
the ar oni ¢ aci ds_ are phenyl suj foni c,

ﬁﬂ@haﬂ%mcﬁeﬁ e mothapgspifesis eiweHPER pa propfpesilfonio acids and
Wéf@;%él%l&iyﬁ ﬁcnysﬁlféiﬁé :Qﬁds afeR et RS SIF6HeRRS lkﬂoﬁtlshﬁﬁtme?ﬁﬂedmglfomc
cerri.c onate tICU [ erre
S SR e s et on s oD B GBI 61 4600
[etanetisulibsic @did:flﬁr-dic&ldbrd) a,mtehmmdttelfmkracdsl dpraparsdistlfdng acid, 3-
gc?l[olécrl’l %golé{a@e lﬁgllfci%ccl a%ldz’n <ethy] ene glfostﬁjcl atcladb{ ¥. Hro?kl%&eed}stulfoﬂc acid,

on ran
etifadrométiyanesuitbnit foid, bﬂmﬂdifogm aciitmrﬂupm@umedtdﬁ*uc acid,

GRRGEALERS oe]‘rgflcs‘ﬁ?o%lc%@s Qsﬁémgfsafoqfau@{eﬂagﬂﬂaxmt he

oncen ron o ree acl .
paratoulenesulfonic, and xylenesulfonic acids. Cerrous methanesulfonate and cerric

methanesulfonate are a particularly preferred lanthanide salts.



[0035] Preferably, a cerrous sulfonic acid salt wll

be enpl oyed at a concentration from about 5 to about

800 grans per liter of solution, nore preferably at a

C ion of from about 20 to about 600

I‘%éﬁ” 1Qﬁglsol ution, still nore preferably at g&arﬁzoﬁ’ﬁ‘ﬁwoo
concentration of from about 50 to about 300 grans per
I[mtaa] e pﬁrdmtea mhar[;ﬂmsaﬁas adid 6l ik beiumiBuffaiid sidwltdndsialstitably

a concentrati.on,f a
;P:S%Eﬁt 'ﬂfi‘)’i‘irg}"‘g\%/gaf gvrcoPGeF%alno%vf'ange tl%e elec{ra (= oPt?xg snvgﬂti%nt;lﬁ-l
dtdividead caneertimatidrs (oﬁCeJ+ ? arfdreih asdogoue el lfv thmcon@mtmton%ﬁ"ee acld in
Y ARueer liter of solution, still nore preferably at
a concentration of fromabout 1 to about 25 granms per
| loa‘a'éi dreferablyta comousfsuifmiracitiselt willdeemployedet pagregntigtion from
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3°ﬂ‘03hm2ﬁ£t‘hhmpemlmth’%mbldorsul foni c acid,

;U&:ﬁ?t gyl ?gﬁé&{f‘% e e soc ﬁpﬂrwgcl:l punty free sulfonic acid to increase solution
1002dlt§111‘}h’| Jip preforred higk pusHY & Spg?ﬂl%ac&}}aa the gampe anion as the zinc and

RLARARE qér?eH L{tomich baGhistured aﬂh lﬂrtylﬁ'éh EORARRE % lsh Kt the

acid, 1,2-ethylene dis
OHC%H?PF'B?H @V%E?IH%"( FIqu| aﬂsa{ lﬁh%ﬁl] %ga [nf%lme&lﬂée.{) ufﬂ;heamtesulfomc: and
Qb ARQEISb OIS aATpréfferredityl balpsulitiiid fi3 atel nictinnedimifoule acid,

pent %rlesul %;megxsu- C

f. oni, ci.ds
R e T S e
&mﬂﬂ x-y.hlemasubmaﬂdlwlﬁmcded 1Phdiciored, leethadedimitfoie adid, dtl- on
ranges t ol
p%nedisu onic gq (9 Y chIg)an gbgﬁgﬂxtei%&ﬂﬁgw 10 1 &%%J d?sgi;fr'%mc acid,
| lu&-empylgtel dlsulfnm eid; riffueropsthgnepylionic a@éihutaseﬁutf@llfa%t
3@ Hﬁns@ﬁlﬁm d dcfde%mtaggﬁlfdﬁlﬁl 4old ahid e %?Etﬁfbﬁ’lh H&&‘s &N

tvveena nd nore preferab
u@sm@e&fowm&mo@uﬁw, BafafP'é%EﬂlfmFﬁénB arlfeﬁwlf?gmé@'em@c frep acid

UBhntrhtidn i} R eLhRE hod H1b 8bchOl 48D ighibhs panitérNeibid Gefdiably Som about
acid and/or tetraborate The e %ré’rol éutagsol ut i

clOie abat FR9O Errans e Iter, stll grospyerle Ty abgpt 38 g per
fIfi6e T8E bH of @B sBftolydd da@ Rary bktesel dobt 10,5308 4 giihiBre pRferably
liter free acjd and produce a snoother zinc coating
SR 8hpyt %“ﬁ# buffered el ectrol yte solutions. The

c[oom n tTlﬁﬂJuﬁ'mr@fagdnh;elf uizdfih drickgtralyfe sdlutiva narr iaclgde Horio agid

g}éf te abé’f e The ele%trc{l#r %)glh'%ﬁ Fon@r n?q tﬁé §Ifr§egl§€£%¥ufs ogﬁte best at
flpwen feeb @eit! c@cgittatwm, lads than 3 &Dgrehs per [iBORS] acBand B@ﬂlwlatsyloother

SR RidlglooBth 1ol BobREeUEELE R For Ot do R ion of the

nrumi ons
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UYboht¥8 gynr%mﬁdr@ﬂeefasly%eia%ﬁ@w t@mahmoegq at or above

room t enper at ure up tqo and nmewhat , apqve 85 C.

TRE3% | @qyﬁp@v&ya@s, fcﬂsgﬂ, fDdPF moléf@ solutmn can include ammonium ions,
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agitated during use such as by using an air sparger,
physi cal novenent of the work piece, inpingenent or
ot her suitable nmethods. [0041] Electrolysis is
refer conducted at a current ranging fro
%§§2§ﬁ§§¥1 per dm2 (A/dm) dependi ng upon tﬁ% e9$@584mm
storage denmand. [0042] The invention described also

I [nmdny 0 &551fb1€ adi$ Elecdiblytbs GBS invitibis fe refepblyl cthicyed atrok etmve

ff ly d o
i e by SRR B FO LY S B ABax
ragifatébdupihg iedush 4s by Bsinganair spaager,i physical movemeatsof dieswuls pieck,
ﬁgl}%\égéme];p?r o%l?ep?ﬁnaﬁg %%thb&d ude but are not limted to:

er, alum numor alloys of these
ried4d] s Elgoookysi} IS’PIméerﬂdy egdicted atieserentyrigmng fiofn ¢.Gleto 150 ampere
dﬁ}/&mﬁ W 'Zf BBl ipbd Maiefg@tstoyage aéh%e of, and it I s

nder s at vari ations and nodifi Catl ons can
dpe4at 1 e inveriionessdbedatsp H’glufl?sdli*ﬁ ysf ef dirgeiopplse oF P%ﬂ:s’mc.ctmnt
Gavbfafing 10 ¢ ERMVELY debosibRiind 19ef bn the cdtitde idlstrabo) ng cl ai ms.

§XA Ni)t 5‘ e NPL 7 Igfoog%ffyf%ﬁiﬂée%x ‘rrpl < R%{l]-lﬁ gavenuon, as discussed

QBT substmate@mcluae &0 brd nbtdimied nt: aarbnnngedl @opret, aumiiem or alloys
;& centr tion. Solutions of Zn (CH3SG3)2 were prepared
S8 Tant 32.5 gramper liter (g/l) Zn+2 :
Jdodwd§ ntTha foreguirgyudschiption oCiHE 808 ion dy merely ilustortave thergof, and it is
?‘1919%4 d tﬁﬁ%ﬁﬁ%ﬁ g‘%dl i ITE &L%geﬁ‘é& ﬁ%h&ft‘ Qeﬁuﬁﬁlg from the
EIVey Tecor m as s

fsobHeonsmint ctfdm igyenigonagsep @@th/lqtl;s @lmwme:ﬂaws‘zoomomgoo

g%%g%ggﬁgn , 32.5 gA Zn , 32.5gA Zn, 32.5gA Zn, O
100 A CH3SQ3H 200 BH % 0g4 CH3903H 20C 40. 2

231 337 366 25C 41.3 226E%AFR 30C 41.4 220 324

3[6545 35Gidkarkplé ddwd IR o&Rits ofHREméthantsulfbdic 308 ot e coﬂHﬁEithy of
201 302 338 ,50C 54.

94.
%ﬁa%wn@emn%ls it 45 conesmiranay 5ol g o g SRR Vg propared
08 c@ﬁﬁﬂi@]z 5Tg=mn ﬂértlmsgn)m""‘ amcemmetiared fiee CHAMHoRTyingtfom 0 to

V!obé‘n tfac St Eoli{rweas Lea(edtt 550 Iar'?cf:thé golﬁductivity recorded in mS/cm as shown
in the following table. .




solution containing no free acid but a decrease in
conductivity in solutions containing 100 - 300 g/l
free acid. There is an increase in conductivity with

R&S?gﬁégs up to 300 g/I. The increase in Conpﬁﬁﬁ%M5@M4ﬂm

When going fromO to 100 g/l and fro

200 g/l free acid but there appears to be a
di m ni shin r%t urn jin conductivity < gojng fr OTZ.SgIIZ
. AN ny

200 to 300§/ | JFiB& acid. REVELoke, tlgb%’ Suacl d s tn a0
eregifolyte can pe opgratedyg J,ee acld, ogﬁ
TS5 W Thput ST gnificant déhjlnental eTL{CIS O 262
CONQICTTVI Ty, EXAVPLE 410024 Thi s examy,e STOYR The,,
effgErs of [free Jerhanmgsui Tofj T acijd Conggntraron — of,
tte thodg errlg&ency for—zj pcde OSTTTQII TN 212
SOt %Ld Ors COTTt al llb ng nmdad t=art 'bgnl e metl a!l 37 @N 333
Z- nE.‘LGO'g ' SZSMII 212 g/ t—32-5 %ZH” 300 T4
32 JXXH Zet O fﬁ CHSE3H RO+t SCB8H. T Tt ‘v‘w’ei—Jrgg
C_:_"iss (a) o X o nﬁ'nnnr\naa -4 oO—0-77 £ 3
8390182876787 279665211 & 54528 STHg 11T | ;

Lg (@) 2ZA (@] 6%‘27(\4 fatal ol 135 W H LadD) Ts) 13

5 O HOTH O. 970>L agoourr Lﬁl I'T Tl IILy (J\i UITr” I UJ./
foY /[ CA os A B, o BT 282, . 308
O OF/00HF 00 /0 Ao OF /o eatr-ance LI LILILS \J U C1 L LT YIit \J d
Light Cell Voltage 2.42 1.21 0.96 0.84 i nall Wi ht

q00H3 3 The 898 shofys 24 BEregsedpepduciiviyl witlegyheratBredaXe Hn3ign 1

by b0 e OB B S8
hi00 &30 gfl free pid/oThese iy 2 ingrpasp ipepnduchivify wifh Frwmﬂ up t0 300"

%l' wﬁhe %&a@m%ﬁﬂd@bﬁrﬁ%l&g&"@ﬁﬁ ééﬁ@ﬁﬁhﬁ@itoaltoo 1GAN EbANDo

Zn+2 concentration _and fre var
ftp aﬁq @/1 frae agifpbug faere apRgars t B¢ ﬁf‘%ﬂsf\mgewgan eﬂvs%é’hﬁﬁd
tdomgzfidie 200086 30@P05Ed A, OThirefoter Btebtifc adid electadlytd@an be

Saeined 08 008 B EinoM b oantt sl e Sgedd ol ©

edohductivtycy is high and conmercially acceptabl e at 0
and 100 g/l free acid but drops off only slightly at
200 g/1 and considerably at 300 g/l free

met hanesul foni ¢ aci d. B2 3

[0047]

on the cathode efficiency for zinc deposition in solutions containing no lanthanide

This example shows the effects of free methanesulfonic acid concentration

metals.
J 3251 Zn™ /100 g 32.5 gt Za™200 g/l 32.5 g1 Zn™*/300 g1
32.5 gt Zn*'0 g/l CH:SO:H CHS0.H CH,SO:H CH,SOH
Original Welght 83981 22876 3.4798 23311
[Final Weight 8.4374 83781 3.5452 8.3702
Cathode Efficiency (30
IA/dm?) 8751% 89.09% 64.38% 48.34%
PpEATance Light Gray Light Gray_ Light Gray Light Gray
Cell Voltage 142 1.21 0.96 0.34
iginal Weight 8453 81582 82135 84224
inal Welght 8.633 B.3891 83581 8.5577
Faﬂmde Efficiency (60
Afdm?) 88.11% 93.97% 7L18% 66.60%
ppearance Light Gray Light Gray Light Gray Light Gray
I Voltage 441 225 L7 1,61
[0048]  Solutions of Zn(CH3S0s); were prepared at a constant 32.5 g/l Zn™? concentration

and free CH3S0:H varying from 0 to 300 g/l. Each solution was heated to 55°C and the zinc
was deposited on low carbon steel at 30 A/dm” and 60 A/dm?, The data in the above table
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[0049] This exanple shows the effects of free
nmet hanesul fonic acid on the conductivity of a
soI ution containing high zinc ion concentration.
Sol ut | ons of Zn(CH3S(3)2 were prepared at a
ﬁoéood/lﬁ %%h+2 concentration and free CH3SCBH ?/(gﬂé g‘f"”“”“"
fromO to 500 g/1. Each solution was heated to 65C

];%Hfbvstth@caﬂﬁadwhéﬁwwm@ﬁ@a EéziﬂtﬂT:rblﬁléyﬁé@EB'b&&t 8 BdNI00igr ek acid
O oW e nt
deopedhph Sy oS00y (ot oo 5 o) hof Bitancifeiedf

100 C GBH 200 [CH, SO3H 300 CH3SO3H 400 4 CH3SO3H 500 4

CH OH 20C 55.6 163.5 ZZW 9 150.2 25C 62.7

179.2 740 234 210 151.1 .7 199.3 260 256 210

16@9] 3TtiszeautplodRws e effegs of fige megbamgsulfpgicagid ory the pondugiyity of
3

Jo0 ol g on et Sl o e

GoTsrs A2 3¢l Zatf pomsatra gy anskies 6 Fo A vengnefiore o o gech

28R tidwasthedt OB B5°CTAHA thetBhdRcIHING YeEoEd inhES/ER 8EshioWn in the

condyctivity with tenperature for each electrolyte

Jelovipeie¥e-g/ | free MSA, an increase in conductivity

with free acid up to 300 g/I then _a decrease in

conduct fli 58 i| (P@S 81 Znt+,

fr Arn '..‘L= S{ VL 3504 03 400 g/ nsg WHCH OsH
oMo e=a Ci O o N
H nzoupr o nnis 6 fr m-1 }6}\5 + ’1{\!\2‘24..1 1 ;2[9 nr\mz 2 150.2
T acT u— T MU0 U 7TZ0U0U Ejl | 1 I 1" UTIT ZUU "L U OUU
Fa 45'10 Thhr r\'FSZV?- o +Jar\17gr2 ne nc\i_zd' ol P ,234;.+ .,.2I,Q 151.1

Y L I T eT=CT"UT C5 crCZT 1o Tact U Tl T 17Ul cTjuail
anl®Eat ol ~469HNN ] 1983 - o o 260y + I AL0 159
vr.l\-fwt \>2 % L R AA Y4 Ul 1 LI YA YS A u
i WRifipantHat vli n 2] f 1 158.3
T 3III Lo | o CATTC oo T T IreTrioeald AV T L

| EXRRLE] 4 (90511 ThiZ¥_ex: 5 1581

- f r 48 et han¥sul-Honi-é¥aci4 & 1587

_ cai®Bodel of %l ooy P8 ziln 1586
co¥¥ainl ng1®2gh If r &%z ng ] 1584
Soft¥it | ohs AR Zn(JCH3ISANR) 2 1579
6065§/ 1 _Yn2 119énnrpnt_ﬂ@r Lol 1578

fromO to 300 g Each solution . was heated to 65C

ARYPY) hThy dat Wa’svs BpBeEIse dn SAnqueHyi Ay i fPrperbire £or ogeh
Mé&'ff&y@ﬂﬂle@moﬁ/gﬁl’t?ee Mg_ftlfhn Gitkedse iA cbﬁlﬁcﬁ\ﬁﬂy e fﬂa@ abﬁb.ip&o

t he cat hode eff |c|en |.sh
D8 i ish & 450 Brcopt o Bt st - SRR e oY
atl dod @Ofred deid conpared italarbintreade nmeeaﬁiﬁ fomanHiOde aamg/yoxa&om
22%9 to 990 gﬁ) OTHerefoIer E‘l zinc acid electrolyte can be operated at 300 g/l free
acid, or less, without significant detrimental effects on conductivity.

EXAMPLE 4
[0051] This example shows the effects of free methanesulfonic acid concentration
on the cathode efﬁciehcy for zinc deposition in solutions containing high free zinc ion
concentration. .
[0052] Solutions of Zn(CH,SOs); were prepared at a constant 65 g/l Zn'™
concentration and free CH;SOsH varying from 0 to 300 g/l. Each solution was heated
to 65°C and the zinc was deposited on low carbon steel at 30 A/dm® and 60 Aldm?,

The data in the following table shows the cathode efficiency is high and commercially
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met hanesul fonic acid. 65 gA Zn /0 gn 65 gA Zn /100 gn
65 g/l Zn 200 gA 65 gA Zn 1300 gA CHI SO3H CH3SO3H
CH3SO C S@BH ri nal Wight 8.4916 8.4557 8.5237 8.192
fd jght 8.5882 8.5509 5.5705 8.2044 ath
é#’ﬁ?éé“f‘}éﬁgé‘% (30 dnt 95. 10% 93. 72% 46. 07% 8. 55% " o0 +014300
kppewance Light Gray Light Gay Light Gay |light Gay
@bdeptablk bieDamd 2081 frecOidbulEofh. off:onsiderabhyl at V80 gidt308 30 Bde
8. 3626 8.2063 8.4544 final Wi 8.5077 8.5555 8.348
SFEBFUIHCAK, " £ ci ency (60 dnt 97. 76% 94. 95% 69. 75%
37.61% arence Light Ga Light Gight G Light Gay
ell Volta a 4.22 2.05 1,57 1 52 FEXAVPIE 5 [0053] This
exanpl e shoys FEEdiTect SHLLETE c aCPEL B Cent PREERA
Wl Thanggdl TONJ C aghskh CONCENT i@t ONS [ON T R
FolWHGL | Vi Ty Of gssgol Ut on eawlaining zsRC 1 QN. 82044
otEﬂi(BQ)f Zn(gCHSSGS_) were.pr eparedﬁﬁ%ha cgnst ang,,

oL

et p—ghid e Clomtay ' Vg V!  Gra

L,

3G0—gf T, 55 tach SOMUL O Was NegLEd TQ 695C

VI tTYs i COr dEd | @‘3'65515/ CMas SBeYWN 1 1 { NEgqsas

DI e s fh A ZN 530 gA[65 gAasZn’ HT OO gides

M Zn /O%VL”CHB‘S%B.H | SO8 E'Tgesrlfﬁn
G -

= O ah o ¢
I v - s
& b o3 (D

crnr 94 P 2
IO 1

N E O t e U{l_ln C‘E’Hi
g N gg §L§§§ 23? é%sﬁﬁi- t Ié§1§§% 1 1.52
70~ oF ] . . 30C Y74 1o0. 5 190. 5 1b5. 0
35C 108.6 183.5 204 18ZFXAMHAIKS 116.1 1982 221 201 45C

7, 4 238 21 50C 135..4 8 .257..,234 5 1

206535 Thiss Smglicshond e 25615 58 W€ abidctbigemaon, 3o Jo
288handRifonic acid concentrations on the conductivity of a solution containing zinc
jon. Solutions of Zn{CH;SOs); were prepared at a constant 65 g/l Zn*? concentration
and free CHsSO3H varying from 0 to 300 g/l. Each solution was heated to 65°C and

the conductivity recorded in mS/cm as shown in the following table.

65 g Zn*7100 A §SghZata00gn | 65N Zn300 g0
65 g/l Zn** 70 g CHLSOHICH;SOH + 70 gl Ce* + §CH;SO5H +70 g/l Ce™ + QICH,SOH +70 g/l Ce™ + 0
70 g1 Ce* + 0 g/l H3BOY g/ H:BO; g\ H;BO; g/l H:ROs
20°C 812 1414 156 135.1
25C 90.6 1582 169.9 150.8
30°C 97.4 168.5 190.5 165.8
35°C 1086 183.5 204 1822
40°C 116.1 1982 221 201
45°C 1276 214 238 216
50°C 1354 28 257 234
55°C 1478 243 274 253
60°C 155.1 257 293 271
65°C 163.1 m 307 288
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WO 2004/ 105051 PCT/ US2004/ 014900 65 gA Zn'i

\%

Cl 1, SO8H 65 gA Zni /100 gA 65 gA Zn+ /200 gA 65 gA
+70gACe' +10gA Cl1, SO, H+70gACea+

g/l Ce:' + CH6BOBH+70g/ 1Ce"+ R, BO,
%S@%E%Q‘A BOB 10 BO 20C 78.4 130.1 142.4 1%'2?’36523%“8“9““
86.5 142.1 1552 134.5 30C 95.6 156.4 171.3 148.8 35C

Zn"/ 300 gel

105.3 1702 188.5 167.5 40C 114.6 186.4 201 188. 2 45C
123.1 201 2 25129%5} 50C3L31§2 2%{6100%2 219 §5C£4E. 5 232ﬂmugl1
258 237 60 %ﬁgf% DS iz .24 .
65 gA Zn"/0 qulgim?ﬁs 55 QU Aith) el qAa"i @@m7?§Ae %rh"h/:%g@%"ﬂc” i
gA 6%cA Zn' /30@40A +70q/ | Gel +250/ | CHiSO H+70gACc 182
CH3SE:cR+70q/f | Ce" #65C11SO03H+700\Ce" + | R3BO®s25 MBO3 25 1345
ffA 8¢ 25 BD, 20€579.2 0121.51483.4 113.6111.25C 9%. 6  14s8
131. &cl43. 2] 121210530C 92. 7 14ba 1l 154.6 13255 3%C 104&s
152. el 71. 8] 149. 245 40C 110, 712842. 1 187. 4 2463. 2 |45C g2
119. 8c1802 P02 1171 2 50C 128015 196{4 21422193. 2| 55C »n
137. &c214 238 21ik12 60C [148. 1834 270 234 2465C 158.6 250
251 284 255[ 65 gAsZC 0 A CH3R03H 65 gA 4mll/ 100 gA 6h
gA Zgtd 100 DA 65559A Zn' [ 300 g +70¢/ Ce34509/ | 259
CH, SEhdH700f T Ce' #; CH3SO H+70g4Ce™ + 3, SOag+ 709/ 1TCe™+ 54
R3BO3 50 03 50 Ga 50 gA 14, BO, 20C /4.2 110.3 1141
98.4 25C 8L2 120.7 120}{2 107.1 30 88.7 132.3]135.1
119.4 35C Ap1) gEBEOMY 7 65N HERO P 65 g/ Zn"' 2200 gl 658/ Zu"/300 g
+T0gACe  +25g1 | CHSOH+ 70 g/l Ce* + | CH;SO0LH + 70 pAl Ce** + | CHLSO3H + 78 gl Ce™ +
H;BO; 25 ¢/ H;BOy 25 g HGRO;, 25 g H;BO;

20°C 792 1215 1334 C 1138

25°C 85.6 1313 143.2 1212

30°C 92.7 145.1 1546 132.5

35°C 1012 152.5 1718 1492

40°C 110.7 172.1 187.4 1632

45°C 1193 1802 202 1772

50°C 128.5 1964 217 1932

55°C 137.8 214 233 211

60°C 148.1 234 270 234

65°C 158.6 251 284 255

65 g1 Zn™ /0 g/l CH,SO:H| 651 Zat'7100 gn 65 /1 Zn* /200 g/ 65 g/ Zn™1300 g1
+70g1 CeP+50gN | CHSO:H + 70 g/ Ce™ + | CHaSO:H + 70 g Ce™ + | CH;SOH + 70 g/ Ce** +
H:BOs 50 gA H;B05 50 g/l H;BO: 50 g/l HyBO,

20°C 74.2 1103 114.1 984

25°C 812 1207 1202 107.1

30°C £8.7 1323 1351 119.4

35°C 95.8 145.1 147.1 133.7

40°C 104.2 1565 1616 145.5

45°C 111.9 167.2 1739 1572.1

50°C 120.8 179.8 189.3 169.1

55°C 130.1 193.8 205 183.1

50°C 138.1 214 22 201

65°C 1479 223 242 220

[0054] The boric acid had a small effect on the conductivity particularly at the

lower boric acid concentrations.
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40C 1042 156.5 161.6 145.5 45C H S 1672 173.9 157.1

50C 120.8 179.8 189.3 169.1 55C 130.1 193.8 205 183.1
60C 138.1 214 226 201 65C 147.9 223 242 220 [0054]

The boric acid had a small effect on the cond

85512?03’&?%?]1 y at the Iower boric acid concent r&;hé’iowomoo
13 WO 2004/ 105051 PCT/ US20041014900 EXAWMPLE 6 [ 00551
Thi s exanpl e shows the effects of boric acid and free

met hanesul fonic acid ceRaeERd i ons on the cathode
efficiency for zinc deposition in solutions. containing

hilef§5F r dbis zxampls dawe e eleaty efibodnaci auser redlanesuifendc erfd
ZRbyERaEBs2on¥BE Sathide m&qc,a%or 3ine ‘agﬁckﬁﬂﬁ iPhfohs &iitdning

concentration and 20 g/l boric acid was added and free
EsREpg iop CoRgeHaHR- O to 300 g/| N. Each solution

WGEDsBE ateldtidn® 65 En@HISONE wekd Grep@sd @em%bﬂsa@lt QSB /rpvzn+2

¢ ShRatry Fua e Cortiet e Bt Ruic s DT 165k sfr%@

e\39(h gdN. 3Bﬁbhgsiolut1f)ll eas hettddain 5?0 Argnthe zmc i vehs dﬁﬁosgécﬂ.on low

7 g et g R PO B e e A e Al e

Hﬁ:&tbocla eB@jency(s high pech aV¥0gHitfreg methagsigfonis adidg. 3278
8.4332 Final Wi ght 8.7221 8 5513 8. 4133 8 5171

athode & i IEIILy \JU o 98 .
eacance Light Gay Light GL| ght Gra_

111
\loLAa 2.38 %*40: 9 } » |
OrmaPe - 44 : - :
FiWePd € EF T en:;;,y21 (60 1~ 0B 33- SAY 93 b§'4‘;'fg39U. 237 gsim
Beey ®@ar pnce ht™ G 2y ngn Gay Cight & ay Cight
BHh 25 D 20 W6k 4 64 EXAMAE 7 8260%
Appearanive Light Gray i Light Gray Light Gray. Light Gray
Cell Voltage 2.38 1.24 1.01 09
Original Welght 8.5532 84611 8.3298 8.5475
[Final Weight 8.7351 B.6512 8.5131 8.7181
Cathode Efficiency (60 J .
A/dm?) 89.54% 93.37% 90.23% 83.97%
Appearance Light Gray Light Gray Light Gray T oht Gray
Cell Voltage 425 222 1.7 1.64
EXAMPLE 7

[0057] This example shows the effects of triflucromethanesulfonate, lithium salt,
concentration and free methanesulfonic acid concentrations on the conductivity of a

. solufion containing zinc ion. Solutions of Zn(CH380;), were prepared at a constant
65 g/l Zn*? concentration and free CH;SO3H varying from 0 to 300 g/l. Bach solution
was heated to 65°C and the conductivity recorded in mS/cm as shown in the following
tabie,
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[ 00571 This exanple shows the effects of

trifluoronethanesul f onat e,

[ithium

sal t,

concentration and free net hanesul fonic acid

?gﬁ?al ni-ng

prepared at

zinc ion.
a const ant

ions on the conductivity of a
&%65%;1 Sol utions of Zn(CH3SOB)

65 g/l

sol u

bé

2 we
Zn+2 concentrati on and

FHs2004/014900
re

free CH3SOBH varying fromO tao 300 g/l Bach sqlution
was heated ito 65C and thesswﬁfdlm%n*;vit gﬂnﬂé_;mrgd+?+cciﬁggﬂzf:é3ﬂogﬂﬂ+
nms/cmas s née %—”4 oe 4 e?ﬂigg et+a énél"aﬂ% Hzldgslll{Ce“-i-gggI:
2004/ 105051 P ﬂlu&iﬁ‘” 014 so;é’IS qn_ZmickS®0 g 65 1giro,
Zn+Y4%200 /|1 65 gn Zn"/[300 gm2S gn_(Zni 1/18gn_ Q__ 13838
CH, S9cH+70gn_Censt.rCl USABH+7Qepa  Ce* '|+ CHiB8@8H+70an Cg¥es
+7004picCe" +14gn Gels 149/]1Ce" w@gn 14dn Ce"tss@yn 14 g4 1745
Ce" n_+0 LI ChiddB LI GF 803isb | CF3303 LifF3S0A3 [20C 138t
83. 74402 1592 1:38. 8 25C 9120y 1562 176. %0 156. 30C0s
101. docl71. 4 194.4396174.5 35CG1410. 9190 246 188.|]1 4045
120. 2c203 230 20595 45C {129. 623218 250 2257 50C 139. 8 240
235 20 240, 55C;4449 250 2855258 0C 1582 264 |304 2%¢
65C &0 278 319 285 65 {gn Znyeh 100 gi | 65309/ | ZQ' 200 277
orT g% gn Z2n"7309,gn Sgni T gn CH|SO CH3SO3H+/0gNn 405
CeMr + CH3SGEH+/70g/ TCe™+ CH, SG3H+/7/0g11 CC + +70gn
Ce" +14Q7 T Ceii 4 14gn Ced [+1Qgitvaeh Qe adgnoddAdr oseza*nog
Ce" +10gn +169L%OP§M©E’¢§%5EIF§#@= T S0, + Eﬁﬁ%ﬂ“s{?@% s C’*Z&%““*
135 1402 13%7%?{.15@% 7 HHES IS |4 MHE e  B0g 94 mnse. ¥
165. 21702 161. 145,35C 104. 2 £49.8 183.5 14p69. 4 !40C 1354
1177 21958 199. ¢,196. 1]  45G4521. 6 [212 343 214 | 50C 1489
13T He228 238 233, 55C [1405 1854 259 253 1702 1611
35°C 104.2 179.8 1835 1794
40'c 1122 195.8 199.7 196.1
45°C 1216 212 219 214
s0°C 131.1 228 238 233
55°C 140.5 244 259 253
6°c 151 258 275 270
65°C 1622 215 295 287
65 g/1 Zn"7100 g 65 g/l Zn*/200 g 65 g Zn*™/300 gA
65 g/1 Zn™/0 g/l CH;SO;H] CH;SO:H + 70 g/l Ce"+| CHySOM + 70 ¢/l Ce*?+ | CBySO;H + 70 g Ce™ +
+70g1CeP +014g1 | 14gNCeN+25pa 14 g1 Cc™+ 25 gt 14 g/l Ce*+25gn
Ce™ + 25 g LICF;S0, LiCEsSO; LiCF;S0s LiCF;S0;
20°C 762 129.2 138.1 1294
25°C 842 1412 1523 1422
30°C 91.1 156.6 165 158.3
35°C 1011 174.2 181 173
40°C 109.8 1892 1975 1913
45°C 119.7 194.5 215 208
50°C 129.7 216 232 225
55°C 1389 232 250 241
60°C 149.8 249 273 259
65°C 1602 263 287 275
65 g/ Zn0 N CH;SO0,H 63 g/l Zn™'/1 N CHZSO:H{65 g/ Zn™/Z N CH:SO0;H |65 g/l Zu*™'/3 N CH;SO:H
+70 gt Ce™ + 14 g/l Ce™ |+ 70 g/l Ca* + 14 g/ Ce™ |+ 70 g/l Ce™ + 14 g/l Ce™ 1+ 70 g Ce™ + 14 g1 O
+ 50 g/l LICF3S0; +50 pA LICF;80; +50 g/l LICF:80; + 50 g/l LICF;50,
20°C 732 1163 ' 1292 1124
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60C 151 258 275 270 65C 1622 275 295 287 65 gn
Zn"/1D0 gn 65 g/1 Zn"200 gn 65 gn Zni /300 gn S gn
Zni/0 W CHab@3 CH, SBH +70 gn Ce3+ CH, SG3H + 70 g/
H + 70gn Ce"+ +70gn Ce +014gn 1l4g
%éi‘?%%% 4gn Ce" +259/I 1l4gn Ce" +25¢g/ |
LI CF3S LI CF3SC3 L1CF38 20C 76.2 1292 138.1 129.4 25C
84.2,L412 1%23 142,2 3QC 91,,],156.6 165,,158.3 |35C

Cot 425G Paga014900

124

TOT. Lyed 7% 2[I8T L§3 40¢ 109,35, I89. ¥ 197,5, 191

4'1‘)(1’31

T19. 7,494 5 (215 20§ 50¢ 1294, 216 237 2¢5, 55C

156, $ya

Z41 @meb J. 8 44Y L3409 000 1QU. 2 2

PS 2O (314

gn £ 10 Nyt LR 0o, W N SUsH o gn

187

ZTT 2 sbghu—umbl—l (T§3ogn Za ul /2&1, gn

Al J"502

+
- 10 s 13 U Ce—=_14—gn

A 2 i | o

o

OG5 4UC T\?l

oro——og
=+

Fa¥ =

Uo

g
onop
A2

5 2 pq =
WE—20 1+05051PCTHUS20041-014960 ?A —Z
124 30C 90.6 141.2 162.1 131 35C 105.3 154.6 181 2
190581 T lldgn otriflggogethaggsulfgnate) saly bl poemgl pdsct o the

1§gndu§97§§
151.8 233 260 236 65C 160.8 248 275 254 [0058] The

lithiumtrifl uoronet hanes salt had a small

B&‘R/?ﬁttlaes
EJO% t P LoS @%R/&L g\éflgéty o ¥fe ' ! (%uifé/mc aclé Q&cnl:n%‘\gﬁgn

exangsle
ntr a
on the cathode efficiency for zinc deposition with Ce*? ions present.

[0060] Solution of Zn{CH3S0;); were prepared at a constant 65 g/l Zn™ and 70 g/l
Ce" (added as the methanesulfonate salt) concentrations and free CH;SO3H varying
from 0 to 300 g/l N. ‘Each solution was heated to 65°C and the zinc was deposited on
low carbon steel at 30 A/dm? and 60 A/dm®. The data in the following table shows
the cathode efficiency is high and commerciaily acceptable at ¢ and 100 g/1 free acid
and high current density but drops off considerably at 200 and 300 g/l free

de3QeularRQdthé olvelQAcenR@fend: 40. 4 216 244 218 60C

methanesulfonic acid.

55 g/t Zn“/o N CH;S0:H [65 g/l Zn”n N CH:S0:H 65 g/ Zn“rz N CH;SO:H ks gl Zn”fs N CH:80:H
- 70 g/l Ce? I 70 g/l Ce®* 70 g Ce® 70 g1 Ce®
Original Weight §.293 ls,7048 B.6407 /8.6837
Final Weight l8.3877 B.7702 8.6967 8 6971
Cathode Efficiency (30
A/dm?) 93.23% 64.38% 53.13% 26.38%
Appearance Light Gray Light Gray Light Gray Light Gray
Cell Voltage 1.74 1.26 0.71 1.83
Original Weight F.s 111 B.0504 8.435 8.1435
Fingl Weight 87113 8.2337 185739 R.1937
Caﬂwde Efficiency (60 |9
Addm®) 8.54% 90.23% 68.37% M9.42%
Appearance Light Gray Light Gray Light Gray Light Gray
Cell Voltage 3.26 2.24 1.76 2.23
EXAMPLE 9
- [0061] This example shows the effects of free methanesulfonic acid concentration

on the cathode efficiency for zine deposition with Ce™ and Ce** ions present.
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[0059] This exanple shows the effects of free
met hanesul foni c acid concentration on the cathode
ef ficiency for zinc deposition with Ce+3 ions present.

ut i on of Zn(CH3SO3) 2 were prepared
cons%n@% Zn+2 and 70 g/l Ce+3 (added g(‘ij?%ZO{]MUl@O[}
nmet hanesul fonate salt) concentrations and free CH3SO3H

?dt%tgn g smﬁﬁcﬁmf%&q{;@@gg 'Qérls pﬁéba:éeeﬁa cSRtapt 450N MRS aRERL pl

C and €421 NC, WAS oSit on |ow carbon s
L Cospand Uhat Bhs teigeoss sy melbrmeeiiBoas i) wcanmoamég
t @ﬂ;ﬁ)ﬂ%g frhie 06aBOWEE ®kh kdlitfn Gyas heatdd tg l65%04hd the zinc

e R, B lenove) St ARG 04 g Phimi i Pl

2 Gfdloaving tB0OshOw$ the eathae effizieagis highnarsl camimdrcially gédeptaiplé at/ (0

AR T e def Ty ot SRR A1) G i AT

r 200 and|309\¢fl Gt m@hR@}IfoMOAEL. 8. 6407 . 6837 Fi nal V\el ght
. 3877 . 7702 8 6967 1.6971 athode Effi ci ency (30 dm

37'23%’"¢38%5‘I3%T6—38“7 dkppearancg LI ght—Gay[ tirght
Gray Light Gsgadtnfar ay Ehlzf\dﬁigﬁa e (sslgn Zodath g2 6 .Eﬂwzlﬁ&u

Fi i nal Wi gﬁfés‘g},ﬂ!@‘-‘@ AL+30 2A %5*7"&@?%1’ % hioen Ce +
-’rlgz’u;[ ﬁ t8. 233 1937y SOMdE &d €TTCY kouisﬁﬁb
Pina \Werght © - °. 0°J. Ofs.7 'isgsua U &desy |

241176 .28 EXAMPLE 9
ys%f fraopo 19.69%

H&'lb@%ei—d—eef%ﬁﬂ—at—keﬁ—'{:@ﬁa’?he sat-hpHto

e depasiu.wi—t-h-' A ONS
4
r

g-prepared at a consfant 65
$%nd 0.1 MSE8%4 ( addedpigh®

oddBﬁicﬁdMy(w T CH3SEB) 2 TWe
Mdml) Zn+2 andw;gz% gl (;54Lm
gpEatansg cigkt Gap LGB0 ag fr opHiEhtGry

- leleant r at i
%@@H vary Sﬁg from 0 tfd® 300 g/ 1. Eé’ch sol uti of’ was

adl ol I
reatea—to uu\.» culu Lllc LI]IL. WS uchbl Lcu UTI IUV Cdl DUII

steel at 30 A/dn2 and 60 Akdn@rehpe data in the
f ‘P@dﬁ@]\/"' s bR e bRV Eﬂf&ts%@&dﬁ@ﬁh @cflfxﬁlﬁtly %ﬂﬁmegScohb&Batmns of

d cormercially accep able at
LRI 40 AGRERS PRt e pie b .g%&%g gre 701
C QaSirear théit gbridéponding methanesulfonate salts. Cerric methanesulfonate was added

incrementally and allowed to dissolve for at least 24 hours. A yellow precipitate marked the

onset of Ce™ saturation.
Free CH;SO;H: 100 g/l Free CH;SO;H: 200 g/l Free CH:SO:H; 300 A
Total Soluble Ce* (g/1) 54.79 20.87 4.06
Total Soluble Ce™ (M) 0.391 0.149 0,029

[0064] The solubility of Ce™ is less as the concentration of free MSA increases. To
minimize cerric ion precipitation in an energy storage device and possibly clogging of
membranes, separators, and porous electrodes, it is advisable to operate the Zn-Ce cell with
low free MSA and low Ce™ concentration.

EXAMPLE 11
[0065] This example shows the effects of cerric salt solubility in low concentrations of

methanesulfonic acid. Aqueous solutions were prepared containing 65 g/l Zn" and 70
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200 and 300 g/I free nmethanesulfonic acid. 5 gA Zn++/ 0O
g/l 5 gA zn"1100 gA 65 g/l Zn00 gA 5 gA Zn'">300 gA
SABH+709/ 1Ce+3 + , SO, H+7094Ce+3+ CH3SO, H+70g/ | Ce+3+

= /ICe|3+ 14 /1 Ce'"N 4 gAll Cet++ 4 i
e&éié’ﬂ?ﬁﬁsﬁ Vi ght . 7301 . 6603 . 1086 . 3527 %%%%’60“’“‘49""
Wei ght 8. 8215 1.7471 1.1695 . 3627 athode Efficiency

( @@C%@ﬂﬁﬁ@:&r&l‘?@ﬁd& %%ﬂe&ﬂﬁa% s#h8. r@?ﬁcﬁn&hﬁbﬁlﬁate was added

Vblt
Ringtgly it i t?»E'PSQHP TS eb2 oty kg cipistparked the
meahfwwﬁsmu&n6684 8.3174 .6992 1. 55 at hode
Eff|C|ency (60 dn1 7. 02@63 28@61630@611 25@6 ear ance

Lirgtt uay H ot Aot 2O e cied = ‘\i'#i* ,13.;

- E ol Rotbble 57 %E‘gxe'xa'rrpgﬁ'e—s

ef[fragiomn H@@rrlemﬁalt SOl UDI [gabd 1 N Var yi Nthass
concentrations of nethanesul fonic acid. Agueous

sol uti ons were prepared cEAMPDEDY 65 g/1 Zn+2 and 70
g[0I066] CeHigs éxampietshmsrthmffecteeﬁmn@hmpgnmtohamwhg onmtvented odor

f 0
I aurh gthe #31}1*&0 g&@? Fn‘%&ls %Pl@ﬁ‘ngfa!@% cﬁsqgl%gdrmtgtpu?ﬁed 70 /%SA
heniil the zine yanl qoowmpat@e wp$ §5a/le Nemdiovhsdptectedtising th@fdls@éutmn of
S I [1ho
ﬁflé‘ﬁl@t&l %h_lg (;1{1:%9 %:Sag‘:ﬂsogtf%solvéﬁgto 70 /ﬁvg@g 8M87 4 1(_)66 %g ot 1 rEJtﬁﬁ
sapfbmeﬂn@aﬁqna‘@, MYTSo(CERSO45Cizo Dugngdipseingien, 8 pragsnt qdpywas
Ofetderrdtd 1S |l ess as the concentration of free MSA
increases. To mnimze cerric ion precipitation in an
energy storage device and possibly cl oggi ng of
menbr anes, separators, and porous el ectrodes, it is
advi sabl e to operate the Zn-Ce cell with |ow free MSA
and | ow Ce+4 concentration. EXAMPLE 11 [0065] This
exanpl e shows the effects of cerric salt solubility in
| ow concentrations of nethanesul fonic acid. Aqueous
solutions were prepared containing 65 g/l Zn+2 and 70
17 WO 2004/ 105051 PCT[ US2004/ 014900
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g/ 1 Ce+3 fromtheir correspondi ng nethanesul fonate
salts. Cerric nmethanesul fonate was added
increnentally and allowed to dissolve for at |east 24
hours. A yellow precipitate marked the onset of Ce+4
saturation. Free CRO: 25 Free C SO H 50 Free
CH3SBH: 75 Total Soluble Cep 59.97 55.21 50.16 Tot al
Sol ubl e Cei 0.428 0.394 0.358 EXAMPLE 12 10066] This
exanpl e shows the effects @LAIMSce inpurities on
produci ng an unwanted odor during the dissolution of
avthatis clibbed:s. Zinc netal was dissolved into purified
70% MSA until the zinc ion concentration was 65 g/l.

No odak ahi@‘éuéjﬁhﬁﬁﬁ fofl artlé1EdtiofhetninRl Gl Slotabd dVice whichicBiGiprises

t al t al : | ved t
Cont al AN PGPt acRLT YA o SRR PRP O AR g
VMT'S, cuﬁlﬁﬁdﬁiﬂ%ﬁﬁl@ valEiu sl fug cahposnls wisceptible #o gpdurtjem (b) @dwetal or
was gn%laﬁciﬁggr? %@b Wl?:‘ing ﬁu%dqb Qero l'alelﬁ%mdatlon state,
I o n or a C

agueous sSso em ca ener tor age
devi céc)aimetshthatonipeh exdized stfe that i ingapahla ¢fbging rg mﬁ foits metallic

aci d Wafehind of)tbealﬁRHPaecﬁHEﬁ{g a%Eht ed dpR¥hal (s Eﬂndﬁdﬂvfty' £alts; wherein

conpounds or hi gher” val ent su

suscefti callwén‘fa&ma o phlpr © ou%&‘ ﬁéﬁlﬁﬁ? aylmtﬁ’élﬁgr'%m?%m%

oxi di E@teptiblateredifiabis teso thab abougs( ailligenk geolithef saié salution.
val ent oxidation state, (c) a nmetal that is in an

oxi di ZRdsohlidh 6f ididh &h%reiﬂﬁﬁmfglalpﬁmﬁfsulbﬁica&dﬁsaﬁﬂ%di&pan alkyl
its metalljc . state, and optional a buffer

agent MERRFUEDRF aith AR gliylppt Yé‘ﬂ%ﬁ@f"i‘i\ﬁn@{/ﬂ £000P 8 PAfyS @P‘hac‘ or
t he capgeRikeadoron of | ow sul phur conpounds or hi gher
val ent sul fur conpounds susceptible to reduction is

lgss TH@%I@#BQ HP claf lrﬁ!ﬂekénggaﬁﬂﬁglﬂﬁlht)} sduftific £4d is Mudduced as:
solution. 2. The solution of claim1l wherein said high

purity sulfonlc acid is deriwed froman al kyl

nmonosul foni ¢ acid, an alkyl polysulfonic acid, an aryl
nmono or pol ysul fonl c acid ®-C804QH)¢ t hereof. 3. The
solution of claim1 wherein daid high purity sulfonic
acid is introduced as: R' RC-(S2OH)y R wherein

R R n he sane_ or feren n
ook R e BE Ui ititen Pl U By may be
CF3 o ﬂlyraogeuv;émnséolmyfr Byl d(Uh osulplverzatkyl @o@y) suchisdC82)n where n is

f " :
R

4, The solution of claim 1 wherein the sulfonic acid is methanesulfonic acid,
ethanesulfonic acid, propanesulfonic acid, methanedisulfonic acid,
monochloromethanedisulfonic acid, dichloromethanedisulfonic acid, 1,1-
ethanedisulfonic acid, 2-chloro-l,1-ethanedisutfonic acid, 1,2-dichloro-1,1-
ethanedisulfonic acid, 1,1-propanedisulfonic acid, 3-chloro-1,1-propanedisulfonic
acid, 1,2-ethylene disulfonic acid, 1,3-propylene disulfonic acid,
trifluoromethanesulfonic acid, butanesulfonic acid, perfluocrobutanesulfonic acid,
pentanesulfonic acid, phenyl sulfonicacid, phenolsulfonic acid, para-toulenesulfonic

acid, and xylenesulfonic acid or mixtures thereof.

5. The solution of claim 1 wherein said high purity sulfonic acid has a concentration of

from about 1 to 1480 grams per liter of solution.
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4. The solution of claim1 wherein_,the sulfonic acid

i s met hanesul fonic acid, ethanesul fonic acid,
propanesul foni ¢ aci d, nethanedi sul fonic acid,

nonochl or omret hanedi sul foni ¢ aci d,
di chl or onet hanedi sul fonic acid, 1,1- ethanedi sul fonic
acid, 2-chloro-1,1-ethanedi sutfonic acid,
1,2-dichloro-1,1- ethanedisulfonic acid, 1, 1

- pr op al’tedblwmf ofiafaiin Aohelein said high purity sulfonic acid has a concentration of

3-chl ofg'o(%n al:iout 0k &8 Qli‘ongfa()ﬁ gll'a];r{g g%rgltg%ﬂq%}t ili 2-ethyl ene

di sul foni c aci oni c acid,

trifl t. hane i Cc.ac but anesul f o

ol 11 e SBRS R Ear LWFW&M Figh s At g e Ghfegration of
pheny| frewhtoordoaaeboit 300 peamesl peulhténm? sduthai d,

para-toul enesul fonic acid, and xyl enesul fonic acid or
MgXt UrBfe sbla@dreTklain® ] whéiein ! pH ik B&twedn 003 Bi4m 1 wher ei n

said high purity sulfonic acid has a concentration of
f50m afyRubiudon clmgpwﬁéréﬂﬁalcpﬁéh purksdulfBic &G i9h infbfure SBsuifonic
6. The solution of claiml mhereln said high purity

sul forf’Saci d has a concentration of fromabout 10 to

about 1200 grans per liter of solution. 7. The
sa0.ut i Bre solptianl oficlaint | wheseie the metalsdreingdupadrap o etal daft gfig igh

aci d NRgin2169 BCRN shfnicidQF forhiigm about 30 to about
300 grans per liter of solution. 8. The solution of

claiml wherein the pHis betmeen 0.5 to 4. 9. The
solution of claim1 wherein sjaid high purity sulfonic
acid is a mxture of sul MiRi € -(S0O#3y), 10. The sol ution
of claim1l wherein the netal sl are introduced as a
netal salt of a high purity Rl kyl or aryl sulfonic

actd olnd kA R en%ﬁ%?f%aﬁ%%%é%ﬁ%*%ﬁlgeﬂgﬂd%"‘? k) Be

are he sa
| nde petydmgen, phansily Ch &, Binl; §iFograriowgriaiergroupGuch 48 (CBp)n where n is

CF3 orﬁanhw 3%{&%9{1&%&% Bub@fturk gMer . B 1, gL,

from1l to I'S un-su stltut of substl t Ut ed

by oxyé@pQH @d, x yariegfrom | to 4gnd M ISﬂswbﬁpram 2B q danthanide groups of
from 1yt gerbdRighidM i s a netal fromthe 2B or |anthanide
groups o the periodic table. 11. The solution of

C'l?' M B SR Braidi1d DS Qﬁﬂt%wﬂﬂj tan%itE)s eﬁ'n?)loggpétgyed

concentration of Trom about gr anms
per | i qopgenttion of frerh apput 1 v abqi S0Q grrms pes dites ot solutipin 10
wherein an individual netal salt is enployed at a
c 6B c erfheadlution of tlafir Hhwislainudn iddivitial mblsalt #@0plyyeds aper

liter QfceifthidhoPBom about 10 to about 400 grams per liter of solution.

13.  The solution 6f claim 10 wherein an individual metal salt is employed at a

concentration of from about 30 to about 150 grams per liter of solution.

14, The solution of claim 10 wherein said high purity sulfonic acid is methanesulfonic
acid, ethanesuifonic acid, propanesulfonic acid, trifluoromethanesulfonic acid or
mixtures thereof.

15, The solution of claim 10 wherein the metal sulfonic acid salt is zinc

methanesulfonate.

20



13. The solution 6f claim 10 wherein an individua
nmetal salt is enployed at a concentration of from
about 30 to about 150 grans per liter of solution. 14.
The solution of claim10 wherein said high purity
sulfonic acid is nethanesul fonic acid, ethanesulfonic
aci d, propanesulfonic acid, trifluoronethanesul fonic
acid or mxtures thereof. 15. The solution of claim
106. wh eTteisslutidne! nieinal 0 whekdirothe metalsutfori@dcid sals iszemas
nethaqg§#Ifo te. 20 16. The solution of claim10

e esu 3 . . .
wher ei n Eﬁe metal sulfonic acid salt is cerrous

hangsul f onat.e.. 17. The solutjon of cJaim 10 wherein
UL el PGP s oy ignfi el iy 65 sl ol
met haneghinéswifatae. 18. The sol ution of claim 10 wherein
the netal al kanesulfonic acid salt is vanadi um
M8, hangs YbIiesaa Slainl B widirtE e RetiS IR AdsUlfdr hefdRBlt B Ranadium
electro%heni&al ener gy storage device which conprises
(a) a PRIy suifonic acid with a | ow
concentration of |ow valent sulfur conpounds or _
hi gherAR290enys slyfion §er ap sleprnshrauicad gressystarage deyigp which comprises
red ug lt(ia)OJ’l']xcig}( Ihl_)it}asuﬁﬁxgahcigﬁvith Hﬁil?adoacdn&atm @Ma@gsﬂﬁlﬂt e
capabl e o el reduced..to the zero val ent .oxi i on
ot ot 0. oot bbb CRIRk orif Hen e regBi ol sl o
i s i nowgtabinen ofidibe statp capablead teitgredicsd wweheadeto valenisixitation state,
and opty ' - ' I .
(o) coriian i barbuiibd St B 2AER0 2R AEA Io et
i s addttr ansl aptiensliy(d 2 bufieringiagent and epiiasplli (ehepndurgvityyaiss;
sol ut ivHerent safdl takiBRinkS g Ba8HdA & AbsliRsHhE SHicRthe 388N, | S
boric acid. 21. An aqueous solution for an

?éo.ec r9e Q&I{Hdﬁ%!fcl@1%?f9ﬁ¥h§é§£aﬁ%fﬁ%¥%a%&at%&vg 2G@NPri ses

a) a high purity sulfonic aci

concentration of |qw val ent sul fur conpounds or. )
htlgher®RAIPERE S(ﬁl&ﬂmé?raes hrical energystorage deyigs which comprises

r educt(b)hig fitritPsulfBiidhci@ith ARMAdoficanfratiti 0@ dowNaIRbsushiAt e
capabl e of Hglng reduced to the zero val ent oxjdation

st at e, compunds,orhighen valeptsplfir comppunds syscepfibledq redpction, (Pyranetal or

I S 1 NGdRAN An BXidiBaT sBie daflC BeihPrelilcsd FRfeSetol valentdxffaon state,
(d) a cond%;t|v1ty salt and opt. onal a bufferin

t ( I e I _
agent .(©)pgnetarthat i 4 apiopidipedtate fhag nzapam%@'gb@%na redyeed to its metallic
condugtatey {d) ¥ c&Rbdtivith samnaimﬁmyr(b)iaq;ﬂffeﬁr%l?ageﬁhe

solution of claim1 wherein the sumtota

concentration of dinmethyldisulfide (CH3SSC. H3),
t ﬁ{b‘F §‘ﬁ1‘t}oﬂl&g°l€’{§1—ﬁ§t§%¥?j‘} saify Cﬁ%ﬂ%lﬁwgffﬁrlf'aﬁlémo fum ion.

(CH3S2CH3), trichloromethyl nethylsul fone

(B3 sEhergligion ofislaim lovhsrrin thy furhietehsphesyiration ef dimethyldisulfide
gCI—BSg%Eg—B) %); and netﬁﬁep}nnet ganes_ul Fﬂgﬁr%gﬁcgh(?%l%{é)@d—m
in saitPrommethybrethusulfaac(CHmG, Chlsh dichlgrgmpymethylsulfone

(CH3SO,CHCI,), methyl methanethiosulfonate (CH;SO,SCH,), and methy]
methanesulfonate (CH;S80,CH;) in said solution is less than about 50 mg/1.

24. A process of making metal-sulfonate solutions by dissolving pure metal, metal
carbonate, metal oxide or other metal salts into a high purity sulfonic acid according

to claim 1 wherein the metal ion concentration varies from about 1 g/1 to about 150

g/l

21



24. A process of making netal -sul fonate sol utions by

di ssolving pure netal, netal carbonate, netal oxide

or other netal salts into a high purity sulfonic acid
according to claiml1l wherein the netal ion

concentration varies fromabout | g/1 to about 150 ¢

235. 25 A progrspoa s dengpitiohef adegtal Somi thersobytiomofpdeim| ! chmprising

the sqlatiigQh elRétriCbudle M tHroSRTRY sbftififho eREFDHIA Aal or a metal alloy
el ectric current through the solution to electrop?ate

a met APOHSUBSIAEL al alloy unto a substrate. 26. The
process of claim25 wherein the substrate is an inert
eftct ridgerasess of daim 25vdstein the substeatpip ar ingit Elostrodn pfdtes], copper or
ni ckelcogdek-Qby, ﬁ&@%rﬁuﬁ:ﬁél-aﬁ@}? bl 8f doB)e all%y,%%ﬁa@ﬁ)%%t%l or oxide,

net al %% oxi de, carbon or an organic substrate.
The prECeRY BPrrERpigsYEsyAe-wherei n the high purity

sul fonic acid is_nethanesulfonic acid. 28. The

pt o e e Brocess of Jaim 85 whereia the higheusity|swifunisracid dsmethangsuifonic acid
m xture of sulfonic acids and other inorganic and

ofgdanirhe AekddSof c%gn& ng— Ergergiﬁ (ﬁfe%ﬁltﬁtl&f cofitafhls Eh%ém%? %ﬁé@c acids and

direct current, d current or periodic rev

cur r efther igorganigpnd grganitpgidsor ocess of cl ai m 25 wherein a
sol uble, insoluble or inert anode is used. 31. The
PP0oc e dhe prhcesd ofichin2%5 whezsiedirect dugentgjsed atmanter péricdia@cverse
solutgﬁﬂm}§u§ﬁ;meen about 20C to 95C. 32. The process
of clarm 25 erein the netal is pure netal or a netal

l.l oy~ with a al ..froma 2B,. and the |ant hani de
??,’I(e)t al & mo?“"%eﬁse‘g%%‘}-‘? %%ngerf% nght@?’ “i‘?ﬁlﬁﬁle H%‘P?’bﬂ?ge Phceof |
gﬁ. The solution of claim1l wherein the concentration

- | ohPeRIPesiof claimp bl mbpecimthe fepprature of e sofutions pegween about
conpoptrdsossascepti ble to reduction is | ess than about
10 mlligranms per liter of said solution. 22

32, The process of claim 25 wherein the metal is pure metal or a metal alloy with a metal
from Group 2B, and the lanthanide metals of the periodic table or combinations
thereof.

33.  The solution of claim 1 wherein the concentration of low sulfur compounds or higher

valent sulfur compounds susceptible to reduction is less than about 10 milligrams per
liter of said solution.
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