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efficiently using the netal sulfonic acid solution and

products formed by using such nethods and sol utions.
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Discharge times may also vary from a fraction of a second to greater than several hours.

[0004] Improved reliability or power quality of energy storage devices may require
virtually uninterrupted power supplies (UPS). Such electrical storage processes include
capacitors, and super conducting magnetic energy storage devices. During a power
interruption, these devices are used within fractions of a second to ensure an uninterrupted

source of power.



reservoir of power for use in off-peak tinmes. [0007]
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durations. However, the CAES plants are very expensive, on the order of ten of millions of



volts. This energy storage device based on zinc and

ceriumsalts was discussed by B.J. Dougherty and
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cases, oxidation was conplete by only using ceriumion
inits highest oxidation state, Ce 4. The cerrous
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in maintaining a stable oxidizing environnent. The
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[ I
reshﬁﬁ}%&%@) |£5|<Zle6 gg?@? gft%c!t] %%ﬂglﬂbgﬁﬂgﬁl&r&cc fgg ThE ﬁlgﬁll}ﬁe sulfonic
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[0019] It would be particularly desirable to have new sulfonic acid compositions that can

be effectively used with metals of strong reducing capabilities such as zinc without



[00201 It has now been found that an new hi gh energy,

highly efficient electrical energy storage device is
Weomsiltiosl when using netal salts preferably of PRBUS2004/014900

series nmetal such as zinc and | anthanide series such

as ceriumin high purity sulfonic aci E' Thi s work.
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impHtel Yapable bPpodudsd gorWi th limted free acid

concentration of the sulfonic acid concentration to
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i ncluding batteries and ot her energy
(nggl(lig:gé) devices. 5 WO 2004/ 105051 PCT/ US2004/ 014900
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invention, including batteries and other energy storage devices.



free sulfonic acid of high purity and optionally
additives to enhance the zinc deposition reaction or

WO praa®el t he conductivity of the redox cell. FAECEUS®DHED14900
ions are preferably added as nmetal salts of high

sulfonlc aC|d 0027 As di scussed above,
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[ooagu ecEJlecnsQAtastolf the nmeﬁﬂfmﬁ@na allilccgﬁprpu bl 1bast adekplubler 2Bamytal salt,

prefgpi1g P sl oneh ST LoRamprH ey ST G R e sals,
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highip@ityl Ay BREHTkRIfBhie 6¢i8,0] MhtBanideZdallof & High POadyQIKGAbT FylsMfonic
be enpl oyed I n the ub ect sql ytions wherein the

acid; g liﬂglh Pty gylfpnigract ctrahrreo RicEer3dy #1 Ao Rauepts splufen sugheas 2
hlgﬁ 'fﬂn%ﬂa\fk}fl bﬁﬁy%lfgmé‘ héld; dﬁlb@ﬂl‘:&%&ﬂfﬁﬁné‘ag@h@kéﬂtﬁn‘ HoYl% acid;

é or ar sul fonic acid of fornul
opthns tzeqnbdycﬂw spltyo'gth the\arers portion af th%w?élt hasedmn@ highepw yralkly

0r9ﬁ1§ﬂ$ﬁ§@gﬁt and each independently nmaybe hydrogen,
F, Br, I, CF3 or a |ower alkyl group such

[OOQQ] ( @4419 metpkns eevariety of Fippsalty may 81sq ba ighe Hae-lapthanide electrolyte.

er%régff&?a% S%g%_ﬁlg%) ?rﬁ[élbfeg\ ih H‘# Qéf s %(%ﬁgvhggm tgg glﬁlﬁmc aloid of the

anipeic pariies of the aing salbandangy &ge ﬁcmfh m@ natrmlupﬁd@p ahighuufibralkyl or aryl
mﬂﬁ% QEKQ gferred alkyl polysulfonic acids are
‘hanedi Su onlc aci d, nonochl oronet hanedi sul fonic 6
MD 2004/ 105051 PCT/USZOO4/034900 aci d,
di chl or onet hanedi sul fonic acid, 1, 1 -ethanedisulfonic
acid, 2-chloro-1,1- ethaRedCs$®0H)g aci d,
1, 2-di chl oro-1, 1- et hanedi sul{f oni ¢ aci d,
1, 1- propanedi sul foni ¢ aci d, R3-
chloro-1, 1- propanedi sul fonic acid, 1,2-ethylene
[0030F ulWherdicR AR dhd RY,ae the eqinyd @rikffeders uhd eich éndependently may be

hydrogen, phenyl, Cl, F, Br, I, CF; or a lower alkyl group such as (CHz)n where n is from 1
to 7 and that is unsubstituted or substituted by oxygen, Cl, F, Br, I, CF3, -SO,0OH. 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,
wa@ea4tib®sar yl sul fonic aci ds are phenyl sul f oni BCT/US2004/014900

phenol sul foni c, paratoul enesul fonic, and

xyl.enesul foni ¢ acids. Zinc methanesulfonate is a
ameymhl%ma@mﬁdwbhf@%w%d Lthenedigylfonicjagigad phigrrel.3i nc

eth&RldisuliG¥c RGd,SIU-biaRb- pr-@twehlshﬂoﬁc 5&d,ati-yehhedisdeonic acid, 3-
concentrati on range inth el ectr ol yt e conpaosi tion of

chlprigel, | -aropangdisnlionty agid rlapofrtbylertf disuifenis aFid, lap-propglene disulfonic
aci€, 'IHh&c}fS&eﬁfme@ulf&%{%ﬁBﬁt%{e'sﬁf‘onfcf 48, 9& F&rog%{a&suﬁﬁﬁw acrPO

granms pe solution, nore E er
perdaedfonicaatddhe oyl sulforir atiduare pienylsu mhmubfmams per
parhﬂoh§ﬁes9ffoﬁlp Gnd Q l%ésﬁ?omcsicidsl 7{Rfeth Es‘%&f@ﬁ%@ sh ftwélarl

concentration o rom about 40 to out ans pe
prefarted ingfsaléol uti on. [0032] A varlety of Ianthanlde

t h '

[00§?]Iect§“h§ #‘h[c sﬁtsm }Z%ét #%‘ﬁgé‘tegeél??%%@%ﬁ??lg i eg:oéaag ration rangg in the
elearq:lyteyqxdpmsmdnrw tlreuﬂweemu Soifarsbly nszinvdselt m'llnh b¢ éreployed at a
conz:grl}tlgaglglll grgr%f abgﬁtg tg QOLF ?Qde gtjéré‘nlg rg¥tt£er O(%SOIP?OOI’% Q‘x%re! are%era%ﬂz aq g
coreegtatipn bf frymabéut R0 ar abantyd00rdnisqrer Hteaof tte srﬂutfcmr m]m moreR"

preforibtEatACgr e ot i 4B ok At pe a5 tion

[ooBdr @gmiet}mfemﬁanid@saltsl%)uclﬁfs cefliym €8 nty adsol beWe the alekstydlyte.

oup such n erenis fro 0.7 and that

Lol e ol RrRnt et BErTysdin s DS etiRud Miercimgfhe
sulfonicGe of R Ridic FredmesftiedantBaiyed seﬁbﬂ $RahCad e adidere

nethanesulfonlc Lhanesulfonlc afggﬁropanesulfonlc
introdyeed ag A fieh prepalievler sy lsyifoniepgid af AR aci ds are

met hanedi sul foni ¢ aci d, npnochl or omet hanedi sul f oni c

acid, dichloronethanedisulfgnic acid, 1, 1

- et hanedi sul foni c aci d, 2-ch|oro-1,1- et hanedi sul foni c

acid, 1,2-dichloro- 1, 1R;e@h@g§gﬁgylfonic acid, 1, 1

- propanedi sul fonic acid, 3- jchloro- 1, 1

-propanedisulfonic acid 1, ethylene di sul foni ¢ aci d,

propyl ene disul fonic acid

[00133] f |vdv@remnﬁt Raané Rilafeshe samecordliffasent apdeagh indapendentlydnay be
hyc?ﬁ%efnéb’iﬁi@ A u?, ?29? 4! 9N G 1R 911 1 %&;ﬁ& éqeg §§J¢dcfg51i Fher@R% from 1

ni’c acids are ,
to Direltbitdsiinisobstipyted Cpaumltmﬂdén@wgmﬁl, &, BadCFs, -SO,0H. Preferred

alkélyguﬁgl?é lél:lfd %F}E‘ rﬁetﬁz&: fon Eeétﬁa%g&lfgﬁfc ?(ﬁ] El%pllrfe?lﬂﬁ)'h% a?ﬂlg and
erric met hanesu ona are a Icurarly pre rred
preifearet] ladayl d@lymlﬂoms acids Mﬂﬁﬂddi@ﬁ@ﬁi afi@ M due2iiobh @ i 8@iisulfonic

aclg rl??hﬂr{lo ﬁfngeﬁhsg ;rlce 9 1& qrit Qﬁ‘ gisuﬁ %Ec' at%§db?%hl%r ?llt i s

cid salt and is su Yesent in
ethanadésiHoniv ediy, Mdmkﬂmroebheﬁamwaulfmnc acddel —pmpariamsulfomc acid, 3-
t e, of. t.he | ua

eifigeb b R Loty Sl 4 B e ek HaR gy plonic sci

trifiefmeithdnadulfonic atidf tuemeadfoticiatid, peiBudsseuttnegiMfonic acid,
pentanesulfonic, and the aryl sulfonic acids are phenylsulfonic, phenolsulfonic,
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
w@od4gesanes per liter of solution, nore preferabdTUs2004014900

concentration of from about 20 to about 600 grans per

|iter, of solution, still nore prefera

(0034 c dhe Praferesd lesthanide sercs Beit salbis cpdm B‘H&lﬂl@éﬁi it apdsis suiably
prekén& Ha &fatl%l?r lﬂbﬂr&v corc8R38bn &ng@rnrth@elwioﬁﬁ@bﬁh@ﬁﬂv@h@ﬁI The

oyed at, a copcentration from about O.
mda\b@@l CCI’GG}“@Paﬁ%Of&Sr i Cer 2t systngd by e cw&ﬁﬁwépéfraﬁwd in
the@blufiogoncent ration of fromabout 0.5 to about 50

0grarrvs per liter of solution, still nore preferably at
[0035F o Rewlerablat 3 esrons suliomigmaid 6alt Will ba eploysd et pepngenigtiopem
abdult 5 88 283kt §6 éﬁ.ﬂ’l?&r 11Ee? QBlutibiembe %?éfér%ly b€a (RR¥erfafith of from
contai n high pur ree sulfonic acid to I ncrease
abayh RO to abqut Gfregares pev Htey of sphisioprséifl arorepreferaply g5 @cpgpniratisn of
as the zinc and
froﬁ%{r}?}éﬁgﬂi gﬁ%@;{i@%ﬁ@&ﬁg&ﬁg%&%ﬁﬁ m xtures of high
[0036) i tAycdrriesilfonicfagidiselt wall bbsemanleyed lakooaicertiiation frem abaw9el to
Y,

o oS P R S A BRI BE 05 o
abaut 50l graaseplitef msokatiomlskly mopqiryfsablyan cora:entcwoa p&from about 1

edi sul f monochl or omet hanedi sul f oni ¢
to a;[’g’f’gﬁn%f“gﬁpg g‘?‘fé)?ﬁ(gﬁté‘)&i’ sulfonic acid, 1, 1
[003&] hame élestiblfiemiay alﬁ&bﬁiamlngtﬂﬁuﬂr}oﬁee]snlfdmc acid to increase solution

contRe R i PSP il sidpe gung avion s the ine and
1anﬂ~raﬁma R&s salt f}m@n ut &ﬁXtdreis ?f Ik purity geelsmonanﬁd 'afiaulsb @viihin the
1, 2-ethy ni.c a .1, 3-propyl ene .

sodtp Sh iSOG RoRger FRr S A B e TR sutfonio and
prd%Hﬁe?ﬁl@&iﬂ iic?dﬁ #ad @Eelféi{jed aner ﬁdﬁytﬁl[f@ﬂilbl haasaft.aa hfeﬁﬁhédlsgﬁbﬂc acid,

pent anesu oni ¢c. aci t he r Onl C Cl as
mogpgigrPagthrrsisufon, é%déf?rwwt@ %ﬁé‘ﬂﬁt ihadttesedt %ﬁfomc
aci@HcH¥oeN EShbAQARLFoACAES 1, 2Tdueh1&roe1e1 @tﬁh&dmﬁ%lﬁ@ﬁtﬁd ati-on

ranges from about 1 to about rans per

prqmeéhsy}fwe Agip 3yclorgrh lawenﬁnedli‘dfw 3&5’@ - eilyémie &rsalf%c acid,

1 3pﬁap§1éde%sulﬁhlb lakid) rﬁiﬁﬁor%@tﬁﬁﬂe@lmdﬁmf arcmmmf&@c 4o,
olit 300 &rarrs liter. The pH of t eelectrolyte

perélaarobaﬁayesa @%@tes@fcgllc@aﬁui %ldébﬁopryhfﬂkfmm s D] y

h i t
PR i oAt U A RonTy B2 BRADMG BIED e fice acid
corpehigationmaizes fromtabeitsd taskout AR eanescrer Hieystneors prefarabiy.from about

10?00%03 %Er:%\bsgpep#{et &t B9 g@;aﬁ%)ﬁfgcﬁﬁ %!So%t 56RLabBit 300 als per

ac:| ncentrati ons, ess grans per
litdri The pH o€theatscuolpadapyaryl beween st herd 4 aridmore owfargigy

n-buffered el ectrol yte solutions. The
be%v rg%%?]ug%\fll o% of the buffering agent can range from

[O(BB]) utThe bhifferidg dgents,af useditin the elmtnolgtepsohaﬁem ol nycltﬁdechmnc acid

an<$/f>r tﬁfr%ﬁ%ag? 1'gh ?qc%? tsgg.é gé%ﬁ%ﬁalg th[e&ngrsl]?n erfl g[)]?e%tg Pest at
lovealfifes amtlﬁ:omﬁtﬁhtlohsn ldshthae B@rgmk yd&rehtex(ﬂea atid andproduce a smoother
e anmmonl um

zine op G SO EITL P SO kPSS gF e
bufridggenttde fing® BomraBo0af gerta htyradiom Infyre prefeirably frahab@ut 1 g/l to

room tenperat ur . u t above 85 C.
aborfid> gl T RSt [ é&?“s&gouﬁ&h i

[0039] Conductivity salts, if used, in the electrolyte solution can include ammonium ions.



agitated during use such as by using an air sparger,

physi cal novenent of the work piece, inpingenent or
wo@rienoei t abl e net hods. [0041] El ectrol ysis iBCT/US2004/014900

preferably conducted at a current ranging fromO0.01 to

nPere per dm2 (A/dm 2). dependlnawupon t he
[00é9|]e r Gy ifenip ﬁag &legleatrtnvof theopuationae prefeebly iemnlayed afrar geeye
rood RRpbfaflrdldes u]5 Renk §§m<9}ffhag hBRE 850 @ UM SuiBnidRid Stiton may be
current waveforns to effectively deposit a zinc |ayer
agitatedrdyeing ysehveleasiybsingan eir spagtAhypcalingy emantiod the vefrk piece,
. : d with zinc of the invention,
“néggﬁ%%gﬁggg%%¥§ﬁ§V§% e substrates include but are
[00dd} [Blevirpbdistiopreforblymandusted @l a curtpppranging Frami (o d 0 ampere
r egoi ng
pmﬁtsc%98?1g%&%ﬁﬁaﬁg&%ﬁ%%ﬁw&%%éﬁgeEgﬁg(P illustrative
[00Rer g invaniipn desirded alselacutiesdbe vseaf divent.ipaitse onperad current
C f t rting from
el LB SR G SLIBRL S LU AR 1119 1O
[004BE fA)Wid&WIal‘l@y (of substeatesEXOANIRIpiE: dEMidMEh Eoflth$ iﬁ@dlﬁﬂonTa’slchscussed
ab e SRGR ot e 7 5o inBlsp i BT kP ot A B htoys
of these me@gisentrati on. Sol utions of Zn (CH3SCB3)2 were
p at. a,con tan 32.5 amper lite /1
ooBaheane herdind aneTibRa eisedafnnr g By b Reste S fis
un&@@%ﬂd thatB@ticne it m&@d&ﬁmswawe dffé@%ﬁi@] oa_t’ldiepbﬁﬂig from the
conductivity recorded jn Cc s shogwn in the
ScoPg OF FRMHR] ¢ theipretionasses Bb A e 1182004/ 014900
EXAMPBLEE 1 Zn', 32.5 g/ 1 Zn++, 32. 5 g/l zZn ", 32.5 g/1
Zn+ ., 0 A CH3SOBH 100 /| S H 200 /I CH3SO3H 300 /|
CH3SGBH 20C 40.2 231 3 25C 41.3 226 331 362
[ooag]c 41“]&15”ex31%91&:%36‘w§t5§ eff&%f‘h‘ée IethhBesdEShidaid oﬁ@l@cé@ugtlvﬂy of
214 308 342 45C 49.9 201 302 338, 50C 54.6 194.
a sglgtion gyaigng lpwWe ipy gongomratign Sgutions eBEN @%@3@ mre m@red
at 7 QnéarkSH. P Igﬁt%elg (%ﬁ%ﬂ cofEntBRbRad 'ﬁ’é@%@g@dgﬁ%ﬁt%ﬁl%q:rom 0 to

I n conduct? vi rrcperature for the Zl nc 1on
300g/1. Each solution was heated to 65°C and the conductivity 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

w0 e@e/16505d. There is an increase in conducti viPgT/vb1004/014900

free acid up to 300 g/l.

The increase in conductivity

is large when going fromO to 100 g/I and from100 to
286-gH—freesgeigrbut Tthepe pppears—tenbaa~ RSz,
di_m ni shilng ogetHiom | N comdwchﬁaﬁty mhm@ycq@unq 1 I 0300g/1 CH,SO:H
260@ to 300g/| fimee acijd. Theiefore| the mync acid 366
elsectrol yte campsbe operateggat 200 g/l f5ee acid, orizg
Ig%sS, W thout gi,gnifig¢ant dgprinental effgcts o 355
CORAUCTTVTTY. EXAVPLETZ 10047 Thi $ exanple ShoVs The,,,
h@m;rﬁwemmafw%mqﬁocm%MMIm oll,
— UIe—tdadttl e eriTCererncy 101 21 TIC U DUOST LT O1T 1T
HBIC oL 499 i retalh 32 oy 338
SUT UUT UITTY CUurT ar il LAY LILAYJ Ta‘lll‘[lalll UU nmetar s gIT
ZH&+/1001gi 13255 g/ 1 | Zp++/HF0 g/ 1132 5 BF 1 Znebi 30020
'C 32 5IA Zpa¥Q ]1 GH3SCBKY CH3SCRH CHRBERH CHRSCBH 32
yicgi nal |\Wei gh$s28 3981 8 287W 8 4708 8 3211 Fi nal 313
Vestcght 814874 #:23781 545238, 37021 Cathwmee Effici encys

(30 dnR) 87.91% 89. 09% 64. 38% 48. 34%

(063 TG ity

Appear ance Li ght

ot A Rhop s 1 18 on

sol&lmaﬁtmlﬂgmfre&am@but\asieghase$u 6B@BCtitg 89 dol@ @S 8dntaining

o8, Sy A AL DS R B R

g/IGTay irdcregld in@oagucti@Gey 1s 1afgd whgegoingdftord 026 100 g/1 2ndfrom 100

o aihe e b b i SomeA S TR N C TR F B GREC e Sven

goinkI I8 1900 ab y3 00g/! fireanacl. t Crha%reg/the zhhacdeids electidlye camde

OP%}atF{%&ﬁ 208 o st "

and.

he zi nc

> AF dP$ie WA

o SR 9SS tel atfects on

conduetiaove table 10 WO 2004/ 105051 PCT/ US2004/ 014900
shows the cathode efficiency is high and comercially

acceptable at 0 and 100 g/l

free acid but drops off

only slightly at 200 gdaAMpiEconsi derably at 300 g/ 1

free nmethanesul fonic acid. EXAMPLE 3
[0 b ndihes sapwRls thaws dher dieets obfres methapgsy

0Q49]. . This
%§ﬂfif°8’?ﬁeﬁtraé’<9fld

on e B ATHMEAdy Vot Yin®fdeposition in solutions containing no lanthanide

metals.
32.5 g Zn7100 gfl 32.5 g/l Zn"/200 g/t 32.5 g1 Zn"/300 g/l
32.5 g/l Zn*/0 g/l CH550;H] CH;S0:H CH;SOsH CH;SO;H

Original Weight 8.3981 8.2876 8.4798 8.3211
Final Weight 8.4874 8.3781 8.5452 8.3702
Cathode Efficiency (30
IA/dm®) 8791% 89.09% 64.38% 48.34%
Appearance Light Gray Light Gray Light Gray Light Gray
Cell Voltage 2.42 1.21 0.96 0.84
Original Weight 8.4533 8.1982 8.2135 8.4224
Final Weight 8.6323 8.3891 8.3581 8.5577
Cathode Efficiency (60
A/dm?) 88.11% 93.97% 71.18% 66.60%
IAppearance Light Gray Light Gray Light Gray Light Gray
Cell Voltage 4.41 225 1.7 1.61

[0048] Solutions of Zn(CH3S03), were prepared at a constant 32.5 g/l Zn™* concentration

and free CH3SO3H 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

10




a solution containing high zinc ion concentration.

Sol utions of Zn(CH3SM3)2 were prepared at a constant
W@ 2008/105051 Zn+2 concentrati on and free CH3SO3H REF/Y52004/014900

fromO to 500 g/l. Each solution was heated to 65C

and the conductivity recorded in nS/cmas shown in
sh%lthf’o%th?&e gilisieacy is faghmng comipereiplly accepfable 4t Gand 1004 f@e acid
butQfrdpsettonl (% hity 8€1004N4iid cotdideradlylat Z@U" é')ezméchﬁ{egul%ﬁib

0 g/l H 100 /I CH3SO3H 200 g/ S(BH 300 g/

CH3SOG3H 400 /1 CH3SOBH 500 /I CH3SO3H 20C 55.6 163 5

224 219 209 150.2 25C 63 vpFR32 240 234 210 151.1

30C 69.7 199.3 260 256 210 159 35C 76.7 212 281 278
[0049) Thiy cgample ch@ss the gffertsaffegmethanagulfgdc acid gmibe gandpgtivity of

N e
at d| Gmstant 38E5@/NArS” mm@zran%amems@ﬁ vgyjpgdsn] 0 *h¥0 g/l. Each
sol naw%ql%%d ﬂ)‘kS“’@ %ﬁ@ﬁé% + %'t%}dew %S%% sh?Yvn ]gn the

nperature for eac lyte b ow ree

folN@A;gtalviel ncrease in conduct|V|ty with free acid up to
300 g/1 then a decrease in conductivity, a |l arger

HRET e RSEs 1S ONGSE izyit Y 380 e T SR Azt 0T R0 0ht T B8 wizn, |
acid ommxssedi 1 100 ACHSOE [ BEA €550 f 0€a CaSO-H | foi AroEEOM | $00s/1 CH.S0.H

2200 gl opssfrom 200 to]|3002g/l. | Thesiefore, the zinc ise2

261 d Plechrol yte can be|opespated|at 300 gil frge 1511

61 d, [ or Less, [wWihgut $ignificapt degrimentaleffects s

,Qf CONAUCLL VITY. EXAVPLE 4 [PUSI] Thig exanpl 6,SNOWS

45"}8;), B ec 9 0|T T£E§27 ITTE[ aneﬁ)yl fonic ?Ogl o OI’]C%@[ ragl On158.1
ot bd hodetrefficrencyfor—zinc UBEUSIIIUIFIT]

AC e b O L 244 . Ly 327 4 224 158.7
SUT Ul UllsS CU LILLELLL LILLE J'II I CC I_I'Ca‘l UT1

e Nt r A~ T ﬁ: Chl 1+ 34 736 AR ¢ 229\ 158.6
CUTTO U T UAT T UTT, LUU Ttu‘l’ml UTTo T 11 IR W}L VVOC T \
SPEepared 182 g ant 65 g% Zn+2 Fdncentrafion and 1584
€ ee Hvaryi 2 from Q38 o 300 g FEach &%l utilon 1579
offes heat eth4 t ol 65C@and the #fnc posilted24¥n | ow 1578

carbon steel at 30 A/dn2 and 60 A/dn2. The data in
[005RE fTbk|dmd slgpwsabih encérosvdn tcheductivifyo shéthetefmipetiatime yori each

o ADe B0 RUEL B bRy s g

30&gil ¢heb latded'eatspsn odrfductonits) adlargabinyreaﬁte i Gﬁhdunld\/@(gbmy from 0
to 560 g/l free acuil Qoerrslﬁ’la!ré %Ia(r:l 1ncrease in free acid from 100 to 200 g/l or from
200 to 300 g/l. Therefore, the 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 efficiency for zinc deposition in solutions containing high free zinc ion
concentration. '
[0052] Solutions of Zn(CH3SOs), were prepared at a constant 65 g/l Zn™
concentration and free CH3SO3H 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 A/dm?,

The data in the following table shows the cathode efficiency is high and commercially

11



65 g/ 1 Zn+
g/l

WERHBRSOEHS1 Or i gi nal

Fi nal
Efficiency

accgpfakle aan:@ldLll%

+/0 g/l

65 g/ 1 Zn++/ 100 g/l
65 g/1 Zn++/300 g/1 CH3SOBH CH3SO3H CH3SO3H
Wei ght 8.4916 8. 4557 8. 5237P@I/LISR04/014900
Wei ght 8.5882 8.5509 8.5705 8.2044 Cat hode

dnZ 95.10% 93. 72% 46. 07% 8
gistl feep g6id @P%?p@fgipnﬁlﬁaﬁ?IYQ 2 a@ﬂg’ﬂ? stfigy

55%

65 g/ 1 Zn/ 200

me{ﬁghgsul\f’&h@ﬁg@ 2.35 1.06 0.73 0.73 Oiginal Wight
3091 8.3626 8.2063 8.4544 Fi nal

8. 5555 8.348 3.4926 Cathode Efficiency (60 dm 97.76%

94, 95% 69

75% 37. 61%

Armear ance

Wei ght 8. 5077

ight Gray i

G ay

Li ght G ay

LPHhEr ey

ceri it ¥age

k5

ght
Zn /300 g/

-_6 5§ZH3$03H

Orlgmpl éﬁelghﬁ AN

LE 5 [ #953]

TS, gxANpl ¢

TT€CT8__§92

Fin

oric acid gegeentr

I ORssgNd 1T

SUl' T OfYoky

Cat cidadBC E
A/de’hnt aining

ntrati ons on
z2i n#510% gn

the conduc
Sol ufsi’¥ns  of

q
s
e

Vi ty of a
Zn(iSIsCR) 4

;ol ution
wer 855%

App)

CallfVpliags CH3S

Ligltt Gra;

) _cokeePir at il

on Li&h(_aay

Origj ei ted

Fin

Catho e %eécyg? 1

wﬁz

hppéﬂﬂ?:é‘/ 0 g/l

Bhdetarh0 0/

1 C&ﬂ‘lfBGrdy 0 (

cen K@/ |  Ce+

H + 70509/l

q

le+3 450 + 7

Ce+3 + 0/

65C

ion. Slolutlons 0

fhictd,

1 H3BO3 g/ |

1ol

H3BO3 /1 H3BO3 /1 H3BO3 20C 81.2
141.4 156 135.1 25C ®XAVAER52 169.9 150.8 30C 97.4

100335 Infofaetd andly, sl r il jecst ol dnaioge i, feg

meﬁfaﬁesﬁﬁﬁ’n@ 8eid casentidipnBorPthe cayMc2EE of 83OulisS cAntBIRE 2108

2
pre

%gred Jciga constant 65 g/l Zn*? concentration

and free CH3SO3H 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 gl Zn™/100 g 65 g/l Zn**/200 g < 63N Zn/300 g

65 g/l Zn**/0 g/l CH;SO:H|CH;SO:H + 70 g/l Ce* + 0)CH3SOH + 70 g/l Ce* + 0|CH;SO:H + 70 g/l Ce™ + 0
4+ 70 g/l Ce™ + 0 g/l H;BO; g/l H;B0s g/l H;BO; g/l H;BO;

20°C 812 1414 156 135.1

25°C 90.6 1582 169.9 150.8

30°C 974 168.5 190.5 165.8

35°C 108.6 183.5 204 182.2

40°C 116.1 1982 221 201

45°C 127.6 214 238 216

50°C 135.4 228 257 234

55°C 147.8 242 274 253

60°C 155.1 257 293 271

65°C 163.1 271 307 288
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WD 2004/ 105051 PCT/ US2004/ 014900 65 g/ 1 Zn+' 70 g/ 1

CH3SOBH 65 gA Zn++/ 100 g/ 1 65 g/| Zn++/ 200 g/| 65 g/l
WQ@03005087 1 + 70 gA Ce3 + 10 g/1 CH3SCBH + 70 BET/US®88014900

+ CH3SOBH + 70 g/| Ce+3 + CH3SCBH + 70 g/| Ce+3 +

H3BCB 10 /1 H3BOB 10 /1 H3BGB 10 A H3BOS 20C 78, 4

129N 1 149 OCL_QEI" RI:’I/IQ:L’II:I:Q’IQ_AI: ’:ﬂf‘
[OAW I O [ S

LOU. 1L I3 = IL\.) J LTI . J \v A —4
95. 6 156. Ag é%}“‘;i 11.;§§ g Hi § fg2 5 167.

0/ 0 i n*/300 g/l
40C 114.6 i ibg/l3 }ﬁ’w & ﬂ; C&QJ CHj +70g/1(g:e+3+
131 2 216 JA?MWMM 153, 910 g1 H:BO;
24%°271 259 638416511262 2BY 274 165 g/ k2gZn++/Q g/ 1 1232
CH3®(3H 65 g/ 1 %n/ 100 p/ 1 6%2g/| Zn++/ 20055/ 1 685 g/l 1345
Znsbhe/ 300 g/ 1 + 980 g/ 1 Ce+3 45625 g/ 1| CH3SERH + 70 g/ 1 1483
Cestg + CHBSOBH1¢5370 g/l Ce+3pt CH3SOBH +15dH g/ | |[Ce+3 5
H3BE3 25 ¢/ 1 H3BQR3 25 A H3BER,25 A |H3BO3,40C 79./2 1882
1255 13314 113,58 250 85.6,131.3 14372 1212 30T 201
oo 1ra f ey hoas Sase o s s 2od et
A0C 110771721 7 632 _45C 119316022021+
l—ﬁ: oCd -l 100 100 9 rZ;Qr\ 4127 1Q 214 25‘$QO 21 Rﬂf‘237
JULC 1720, 9 1390, J. 1I0. 4 JILC 1O7.|0 219 200 Z I \V AV A W7
148°Cq4 ool o9n 389 oA 1o @4501 odg ocE 2B A1) (1 Znaa) A9
1L =50. LI L9 2 T1TVU I UJU 1 V0., U 291 20U ZJ9 VU9 LY L =TT T
g#q.sncC‘—'SSQw 65184 Zn/I-ILLj:Qn 241 65 g/ | ZA%+/2001g/| 654
gi-—2ZA++/-300—g/+—+70-g/+Ce+3 + 50-g/ cmswu + 70

+

e A AT B S
+ H3B03 50U A, P U] oy 544 CHSOH + 70 g/l Ce® +
110.3 114)1 98H#0, 25C 81. nghi_iﬂw? 120. 2256@id806:  30C 88g/7H3B03
1333 135/1 11994 35Q 95.812445.1 147.1 B33.7 113.6

25°C 85.6 1313 143.2 121.2

30°C 92.7 145.1 154.6 1325

35°C 101.2 1525 1718 149.2

40°C 110.7 172.1 187.4 163.2

45°C 119.3 180.2 202 177.2

50°C 128.5 1964 217 193.2

55°C 137.8 214 238 211

60°C 148.1 234 270 234

65°C 158.6 251 284 255

65 g/l Zn**/0 ¢/l CH:SO:H| 65 g/l Zn*™/100 g/l 65 g/1 Zn*/200 g/l 65 g/l Zn™*/300 g/
+70g1Ce?+50g/1 | CHiSO3H + 70 g/l Ce* + | CH3SO:H + 70 g/l Ce™ + | CH;SO:H + 70 g/ Ce*? +
H;BO; 50 g1 H;BO; 50 g/l H;BO; 50 g/l H;BO;3

20°C 74.2 1103 114.1 98.4

25°C 81.2 120.7 120.2 107.1

30°C 88.7 1323 135.1 119.4

35°C 95.8 145.1 147.1 133.7

40°C 104.2 156.5 161.6 145.5

45°C 1119 167.2 173.9 157.1

50°C 120.8 179.83 189.3 169.1

55°C 130.1 193.8 205 183.1

60°C 138.1 214 226 201

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 104.2 156.5 161.6 145.5 45C 111.9 167.2 173.9
157.1 50C 120.8 179.8 189.3 169.1 55C 130.1 193.8
wQewm4A88s1l 60C 138.1 214 226 201 65C 147.9 2PCI/B&R04/014900

220 [0054] The boric acid had a snal
conductivity particularly at the
13 WD 2004/ 105051 PCT/ US2004/ 014900

concentrat

i ons.

| ower

effect on the
boric acid

EXAMPLE 6 [0055] This exammieE shows the effects of

@35 et
h;%f;.’

fromQ to

cTEntiaHen 3%

shows t he

cid
P8
cElRPakibhsOsh the catbtd EBREnGP
centration.
BE8 Pop orcoReats
[0986]19/ SolaBérisC oA CAHICHESO,

0056]
Hnant

/1 N

G g

carbiesterb h 2th A4 t #i €9

e e
Sol utions o
65 g/l Zn+2

ach sol ution

dRft PRpatct SR

hi gh

aci d

and free nethanesul fonjc L
H 5%?%” e e%fh%&% rigffid @pd freg medanegspHenic acid

osititnIf ohR8nd LoMRaihiRH
Zn( CH3SMB) 2 were

concentrati on and

was

even at

GHRARRL 63r ¥l ngjy2
. . heated to 65C
Ofefiod M addsd apd fee EhBRA seruise feam 8o
36 SR apdc B IMMANRas TaRddBt@°d And R £iRd WaWiaBh

cat hode efficiency is

YBEHE Jqw

. 155 dgfajin Hhedellogdggrile g8 vy the

)/ Zn-+/0 /|
ARSI 0 00 T 00 S Bl O 1L

CH3S03H/ 20 /1 H3BO3 iginal Wight 8.6218 8.4511

8.3278 8.4332 Final We|ght 8.7221 8.5513 8.4133 (8.5171

Cat hode Efficiency (30| A drn2) . 714% 98, 64% 84.117% ..

55,600 Apepasanaentagiori Hiln| Gl (il vallaisonl,
originalWe@it Gray Cekbadv/ol t age 2. 8811. 24 [1. 01 £ O igl nalgs33n
Final Webdhi ght 8. 5532 8724611 8| 329858135475 | FI nad41¢éi ght 85171
CathodeqBffipigiy]308, 6512 8. 5131 8| 7181 Cathode Effici ency |(60
AMY) 0y oo clhos oa 78, 0N D20 048070/ nnaarthHéa 17 Aht 82.60%
Appeargige 7 " T P iatoray 7 B 7 Cigh Gray, I 1 gk Grays 41+ ers Light Gray
Coll Voledy 1 NS AY) BT GRS &y 7L g @y S voryage—=
Original Welgit. <~ 22|~ 7 5353 "' °& {4611 8.3298 8.5475
Final Weight 8.7351 8.6512 8.5131 8.7181
Cathode Efficiency (60 J }
A/dm?) 89.54% 93.57% 90.23% 83.97%
|Appearance Light Gray Light Gray Light Gray Light Gray
Cell Voltage 4.25 222 1.7 1.64

EXAMPLE 7
[0057] This example shows the effects of trifluoromethanesulfonate, lithium salt,

concentration and free methanesulfonic acid concentrations on the conductivity of a
solution containing zinc ion. Solutions of Zn(CH3SOs), were prepared at a constant
65 g/l Zn™ concentration and free CH3SO3H 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.
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[ 0057] This exanple shows the effects of
trifluoronet hanesul fonate, lithiumsalt,
w@ergaetsat i on and free met hanesul fonic acid PCT/US2004/014900

concentrations on the conductivity of a

sol ut

i on

containing zinc ion. Solutions of Zn(CH3SO3) 2 were
pteparetat—aconstantt—65- “’/ Zi+- co.;.gemfac. ot—atd
0 g 7 1300 g/1
free CH3 gh'z,. g@%ﬁ gﬁm; 8 800 &{% Eﬁ&‘.‘% hﬁﬁﬁ&%m oh e+
was heate ot | YenlceC kLA eq Dgncetrogn
nS/ cm as qham_@?&he_ bl eLiCR:gD: \WD LiCFsSO;
2004/ 105061 PCPB3-US2004/ 0149@0 65 of | Zms#a/ 100 {g/ | 65388
g/%cZn++ | 200 gidi 65 4/l Znsse/ 300 g/l 6%6g/ | Zn+ /0 1565
0/ 300cCH3SOBH CHa®BH + |70 g/ih14aCe+3 F CH3G@BH + 70 g/ lims
Cestd + CH3SOBHiho 70 g/|l Ce+@o+ + 70 g/l {e+3 + 14 gyl
Cegd 14 9of | Cefﬁ}j-‘ 0 g/l 1{ ghl Ce+'+ 0 gi] 14 /T Ced
0 g, ¥ 0/ 97T 1, EF3S0Y L u—ﬁ;as LT CF3SOB, [ CF39 20¢
83D?CL4U.AL{)U 13875 gfrIGA OET%“.‘T
36C 10417141941 “74. 5 35C 11091 21671881
_A 0C1’)_ﬂ Le] 2N N 2N AL ZSQ_(\J 271 0 ﬂEt‘Z 5’)’1!‘ laYal 258
40O 1TZU. 427 Z2UO Z90OU ZUJ OO0 129. U ZULO 299U 229 J A\
-~ 138Cg 235l 070 P33 550 149 P89 2g5l p5g Bpc 159 2 2647
0/ C277 5C 17200 278 319 20%58%g5 g/l Zn+£1900 g/ll 65 295
g/ |_Zn++/ 200 n/ | B'—La_Ll;7n-l-4;L 3‘@94-1;# 65/l Zn++/ Vg_[ |
CH3SO3H O %Jj %i llo % qu.g/lQH %p}g&w /29@/l+g N /300 g/l
+ C 70 g/l . T70gNCe? +
+ CH3SCBH% ¥ g é’lﬁ CE gJ/lCt'"‘%- el o aris o
14 g/l Cer4+10kOLigY:$0; 1 g[ |L1@§9;4+ 10 g/ LicB:go;g/ | |Ce444CF;50,
100w/ | + 10 A I7.CF3SC3 Li CF3$03 LI CF3SOBwoki CF3SC3 264
7652 135 140.23435.4 |25C 84937 149 3 15224 148.]19 30Gwo
9450165. 2 170. 2 ¢k61.1 35C 10Q4. 2 17P. 8 183825 179.4 4RQG
1142 195 8 199,47 196. 45695121, 6] 212 249 214 | 50C ;594
J.d“b.,cf 228| 236 %\é? bBSV 140.195.8144 Z2b9 25%9.7 196.1
45°C 1216 212 219 214
50°C 1311 228 238 233
55°C 140.5 244 259 253
60°C 151 258 275 270
65°C 1622 275 295 287
65 g/l Zn*7100 g/ 65 g/l Zn*™/200 g/l 65 g/l Zn/300 g/l
65 g/l Zn*™/0 g/l CH:SO:H| CH:SOH + 70 g/l Ce™ + | CH3SO3H + 70 g/l Ce** + | CH3SO:H + 70 g/t Ce™ +
+70 gl Ce™ + 014 g/l 14 g/l Ce™*+ 25 g/l 14 gt Ce**+ 25 gN 14 /1 Ce**+25 g/l
Ce*+ 25 g/l LiCF:S0; LiCF3S0; LiCF;S0s LiCF380;
20°C 76.2 129.2 138.1 129.4
25°C 84.2 141.2 1523 142.2
30°C 91.1 156.6 165 158.3
35°C 101.1 174.2 181 173
40°C 109.8 189.2 197.5 191.3
45°C 119.7 194.5 215 208
50°C 129.7 216 232 225
55°C 138.9 232 250 241
60°C 149.8 249 273 259
65°C 160.2 263 287 275
65 /1 Zn"™/0 N CH;SOH 65 g/l Zn™/1 N CH;SOSH|65 g Zn“/z N CH;SO3H |65 g/l Zn"/3 N CH;SO:H
470 gl Ce™ + 14 g/l Ce** |+ 70 g/l Ce™ + 14 g/l Ce™ [+ 70 g/l Ce™ + 14 g/l Ce™ |+ 70 g/ Ce™ + 14 g/1 Ce™
+ 50 g/l LICF3S03 +50 g/l LICF:S0;3 +50 g/l LICF5S0; + 50 g/l LiCF;S0;
20°C 732 116.3 129.2 112.4
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60C 151 258 275 270 65C 162.2 275 295 287 65 gA

Zn++/ 100 g/l 65 g/l Zn++/ 200 g/| 65 g/l Zn++/ 300 g/l
wo30@/s6&n++/ 0 g/ CH3SOBH CH3SC3H + 70 g/ | CePBTAIS2004/014900

CH3SH + 70 g/l Ce+3 + CH3SBH + 70 g/l Ce+3 + + 70

g/l Ce+3 + 014 g/l 14 g/l Ce+4+ 25 g/l 14 g/l Ce+4+ 25

g/l25¢4 g/ 1| Ce+48225 g/l] Ce#dpe 25 /] LI CHE3SQ3 LI1CF3SOB4
LI GF8SO3 Lj CF3S@8 20C 16.2 129.2 138.1 12914 25C 84. 2

14152 152.38 1421083 30C|91. 1 :356.6 165 15813 35C 101.1>

174492 181 173 4RQE 109.18 18962 197.5 191.,& 45C|119. 4415

1945 215 P08 5Rg 129.7 216,232 225 55G,,138.9 237

250,241 60C 149 8 249273 259 65( 160. 2,263 247 275

. > i
e]e) 5goll ZN+HFU |\||1 %J‘Lﬁbt.bH Wg yA( IN SCBH

Z N

LII""" OO T 1V y

- P ool 20
Zimt 2N u-lsausrl 5ot e

1 Cpl!

C T

1N
L
|
T

~nl

Ol n
\W o LAY}

Y7

B g ig:/! Ce+475 4+ B0
+ 50 A Li CF3SG3 + 50 g/l Li CF3SC3 + 50 g/I
litARm fflvordmhéthahedd@nate 1shR. Had BSsMEN effect on the
2004/ 105051 QT/U 2004/ 014900, 25C 82.2 129.2 145.4
conshyctivile) pargiguigrly a4ths lojygh copcanirptionss - 105, 3 154. 6 181. 2
154.2 40C 109.2 169.8 196 171.2 45C 120.8 185.4 211
187 50C 130.7 201 227 2EXAMBLESR40.4 216 244 218 60C
[aD59]. 8 Tﬁﬁ&xﬁlﬁﬁlegﬁﬁws thb Eff2 a0 oBfr2et Bethdies@lBehid A Bdncftertion

h £l th | f |t had |
on e i BT POT 497 DA <OPAPIS ik t o | ower

[00606IC e Sbludibh OﬁZn(CWi_ﬁelg prepared at a constant 65 g/l Zn"™ and 70 g/l

Ce* (added as the methanesulfonate salf) concentrations and free CHzSO;H varying

L| CF3SCG3
[0058F 3968

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 commercially acceptable at 0 and 100 g/l free acid
and high current density but drops off considerably at 200 and 300 g/l free

methanesulfonic acid.

65 g/t Zn™/0 N CH;SOsH (65 g/l Zn*'/1 N CH;SO;H [65 g/1 Zn"/2 N CH;SO:H 65 g/t Zn*™/3 N CH;SOsH
t- 70 gl Ce™ L 70 o/l Ce™ t- 70 g/l Ce™® 70 gl Ce*®
Original Weight 8.293 8.7048 8.6407 8.6837
Final Weight 8.3877 8.7702 3.6967 8.6971
Cathode Efficiency (30
A/dm®) 93.23% 64.38% 55.13% 26.38%
Appearance Light Gray Light Gray Light Gray Light Gray
Cell Voltage 1.74 1.26 0.71 0.83
Original Weight 8.5111 8.0504 8.435 8.1435
Final Weight 8.7113 8.2337 8.5739 8.1937
Cathode Efficiency (60
A/dm?) 98.54% 90.23% 68.37% 49.42%
[Appearance Light Gray Light Gray Light Gray Light Gray
Cell Voltage 3.26 2.24 1.76 2.28
EXAMPLE 9
- [0061] This example shows the effects of free methanesulfonic acid concentration

on the cathode efficiency for zinc deposition with Ce™ and Ce™
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[0059] This exanple shows the effects of free
nmet hanesul fonic acid concentration on the cathode
wehbiciosnscy for zinc deposition with Ce+3 i onsPOTAS2WY/014900
[ 0060] Sol ution of Zn(CH3SO3)2 were prepared at a
constant 65 g/l Zn+2 and 70 g/l Ce+3 (added as the
[#6s2h ar$9131111bﬁ ohZn(E€FB804)) wermogpated at 4 onstaains g/r Ee“ 2 GHBSOIQHI

\égg é@d&g nl\él (?{’e E)addendc V\%g 91'/1 éhaggsu&glg trle ssa?ts) %ovr\llc%néra ons a ? efFe]e
CEH3SG£H Pérgting feoma 0 GO 309 gi’l‘[QEac]iI’Belutiam wab hedtddetofosPC @Mﬂ thg zinc
t he .cat ho ficiency LS, hi gh_and .
oD AR oM R atD 0 oG M 6b ity o hayin the
feltoalvity tgble @hxrwghé cdmlefﬁcidﬁwy isdnigms]l ; d@f)lfnnﬁmékﬂiydedie@bible a0
300 ree ., net hanesul fo Ci I
o 100 B e i s S R ST SeTier & Bpscest pnstlstably o
2bb Qth‘B@gﬂlﬁe@En@ﬁdne&nfméacim CH3SBH 70 /I Ce+3 70 /1|

Ce+3 70 /1 Ce+s 70 g/| Ce+3 Original Weight 8.293
8. 7048 8.6407 8. 6837 Final Wight 8.3877 8.7702

8. 6967 8. 6‘)71 g:at hode [Effi gl ency (BO AldnP 93.23%

64. 38% 55. E%%b%%g.%m é%sé‘i%gmu '@ﬁ’&»@.wgr B 2 e s
Li ght G ay [h#glat ¢ Vol t agejdea @ 1. 26 0.14gsh ce

orighhal 83t O i qilsmal Wi qht didB1l 8. 05045886435 8. 1435352

FindEWanal  \\ei glpts218, 7113 8. A8B7 8. 5739 86937 Cat hoges7

CUCFRETSAEyY |( g0, AT dm) 98,8496 00 23% B8, 7% 49. 420,

Appbarlyiéyedl’\d!llbt ghtG%”l Udy t‘gh#&;ay Udy T i 1t 3 dy LL éﬂﬁr,ay,

il

o, Cer P idge 3726 4 24 L 76 K IlePU0 1]

=
—

Orlgm[clllw%,lgl?)(dnpl8%71?”0% the ? .IgeC[S of f 5?5 TTE[ naneSlésaspnl C

Al CONMCEMLEATTOm on H‘ﬁ cat hode gffj ciency fqr, zi nc

nal
EM@%&@ [66)[1 Wth Ce+3 and Ce+4 i ons resent. 1o VWO
AeFN0A4/ 10505 D700/ US2004/BIMO00 [ 0068939%0l Ut | on ¢#125%

ApparyfcCH3 SOB). LighSeap prepar Bt Gy conskigheags g/l Jight Oray

Cellypidee70 g/ | P5Ce+3 and 0.[R%M Ce+4 (adp®d as the P7
| concentrations and-free

Lgnate-saltsH
CH3SG8H varying fromO t il Each sol ution vvas
a

ed.to 65 %%%%ltedonlowc
[& 6‘gt| d%’t‘ Eﬁfpﬂ‘ﬁs ‘g‘ﬁ szf%cés AT SR Yapyipg, 8°n°entra“°ns of
rﬁdﬂi;hé&\mmﬂc hﬁb]l [Aqﬁéwg\lsolﬁthﬁls %kh@dﬁreﬂfcﬁhtﬁinﬁ@%?lgwfirm ald 70 g/l
CO rcia accept a ree
G conr B dirgmentiEuinaa st (e Mstiptepatoys added
SRESdnelEly abd Ylidted to dissolve for at least 24 hours. A yellow precipitate marked the

+ .
onset of Ce™ saturation.

Free CH;SO:H: 100 g/l Free CHsSOsH: 200 g/l Free CH5;S0;H: 300 g/l
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/l free methanesulfonic acid. 65 g/l
Zn++/0 g/1 65 g/l Zn++/100 g/l 65 g/1 Zn+/ 200 g/l 65
wa@/2b04208054 300 g/I  CH3SGBH + 70 g/ Ce 3 + CH3BOBMHS2004/014900
g/l Ce+3 + CH3SG8H + 70 g/1 Ce+3 + CH3SO3H + 70 g/1
CCt3 + 14 /1 Ce+ta 14 A Ce+4 14 /| Ce+4 14 || Ce+4
g6 gfrpmi thapg¢agtesp@ding OB GEHtNS: selS € eicaBeancHilfoatte was added

%%%&%ag§ a%%gm%gz/é% %so%rg%'gag leg%tég%éuré% ngp%g%&g tacul-: f26%d the

Omsﬁmﬁce@@yurmtht Gray Light Gray Light Gray CeII
Voltage 1.73 1.42 1.23 1. 68 Crlglnal Wei ght 8.0713

o 407N N4 [ \ 2004 Q. 1017

8127985645 U ) | 0O )

MR T T E A P T Y T
q9m§MMQ&¢ﬂébWb fAppearance Li gijg,,Gay ngﬂl [y tight
Gray Light Gray GCell Vvoltage 3.57 1.88 2T 2.7
EXAMPLE 10 [0063] This exgpphig siows the effects of
[0066]" | ThaRkimSIRkhRls thd MfdeR of BRI IRGwGHRIGE rﬁ}c{dﬁ&lhggﬁul‘&tfant d odor
met'hanesul foni ¢ acid. Aqueous solutions were pre ared
dwringithg ¢ipselption ofagtivemetlsa fdncapety/was dissalzed intormurified 70% MSA
i 'ﬁ{eez%ﬁqeﬁj b%eﬂ%ﬂﬂﬁ‘%?&g é/prl@cs 8do? Hab ﬁetecfcf?t{ ddrfhg th qlssolut on of

met hanesul f onate was ad I ncr enment na al d
zippmgtal séing mefabwanalsq @ssgtveémtmm% MSAAquledlllllogvl() mg/1 of methyl

BAGEARLhGINES, TESQRESE). Sl oBab ol ot

d@@tedg/ | Total Soluble Ce+4 (/1) 54.79 20.87 4.06
Total Sol uble Ce+A 0.391 0.149 0.029 [0064] The
solubility of Ce+4 is less as the concentration of
free MSA increases. To mnminimze cerric ion
precipitation in an energy storage device and possibly
cl oggi ng of nenbranes, separators, and porous
el ectrodes, it is advisable to operate the Zn-Ce cel
with low free MSA and | ow Ce+4 concentration. EXAVPLE
11 [0065] This exanple shows the effects of cerric
salt solubility in |ow concentrations of
nmet hanesul foni ¢ aci d. Agueous sol uti ons were prepared
containing 65 g/l Zn+2 and 70 17 WD 2004/ 105051
PCT/ US2004/ 014900
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g/1 Ce+3 fromtheir correspondi ng net hanesul fonate
salts. Cerric nmethanesul fonate was added
wonewansstal |y and all owed to dissolve for at PeagiS2@4/014900
hours. A yellow precipitate marked the onset of Ce+4
saturation. Free CH3SG3H 25 /1 Free CH3SG3H: 50 g/l
Free CH3SGBH: 75 /1 TotalCsaIMBl e Ce* /1) 59.97 55.21
50.16 Total Soluble Cel4 (M 0.428 0.394 0.358 EXAMPLE
Wit ipdeigledThi s exanpl e shows the effects of trace
I mpurities on produci ng an unwanted odor during the
1di ssgh Hiiedts @futd6 tror\e8 e¥Bkhemicdl der I Bi i
into gu&rlj fied 70% MSA_ until the ziggg&?dgﬁ%%%ﬁéﬁ)k&ﬁ&ms
conc@ht Pighipritvigonisacyd with pdovhepsecnipationief lew tvalgnigutimg
the & td j [ .
npoahditdr 9&17191f valeht PP founds s&l%ceﬁ%’(%l?{o = rrgtgjlﬁ 31% a metal or

di ssol ved into_70% MSA contai ni ng
met Hastals il aseiidigibtae cappmtsof femgastwrstiadfe z@uriley oxidation state,
di ss@l gieOMihafis AHROEMHizAd0F HaSs | o8 fei i i
Sooar1bee PCH/ Us2004/ 014900 T ofleipd fha¥ed o s metaic
cl ai Yhatel:.and oppnatiyieh a Suaingagen ahdeptmnalll @rtandudieity saits.
energy storage device which conprises (a) a high

2.pur i The sBlilibaof claiC] Whotbih Baid hle@ WubSNGEBHIE Adidl RleAled B an alkyl

val ent sul fur . conpounds or higher valent sulfur =
co nﬂamﬁlf%@é‘gtafq‘gﬁél Hog’sw&i%‘tq“b A1 2¢yhnoBo pigRodysuldenic acid or
net ah&uirétl@feodXi di zed state capabl e of bei ng reduced
to the zero val ent oxidation state, (c) a netal that
is i I di . 1S l.ncapabl e.of .bein

57 ecumatpgth BLagh S MBkid BuliRGRAR: GiioigRodiibaps
buf fering agent and optionalgy (e) conductivity salts.
2. The solution of claiml wherein said high purity
sulfonic acid is derived f{r@lnﬂgg) 6#{?' nmonosul foni c
aci d, an al kyl polysul fonic acid? an aryl nono or
pol ysul fonic acid or mxturg thereof. 3. The sol ution
of claiml wherein said high purity sulfonic acid is
i nt VeIRie R, Bsand R are the sang o«@%@@ﬂ)ayd Ruich indegergientlyRpayde

and & ri 8&ffer .
P AL AL A 181, O L AR o g e
CF3 fem 4 to b thatl ikyrsulpptibags! o gebistibged(t@HRy genniib FeBn Li GFs, -

fro 7 and that is unsubstituted or substituted
by o@%g%ﬁ, ad, F, Br, |, CF3, - SOQ20CH.

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-1,1-ethanedisulfonic 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, perfluorobutanesulfonic 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 claim1l wherein the sulfonic acid
i s nmethanesul fonic acid, ethanesulfonic acid,
wonropanssul f oni ¢ aci d, net hanedi sul foni ¢ aci d, PCT/US2004/014900
nonochl or onmet hanedi sul foni ¢ aci d,
di chl or onet hanedi sul fonic acid, 1,1- ethanedisulfonic
6aci dThesoliopobclain 1 wherainesaiddighf pmitscsudfenid acid has a concentration of
1, 2- 60k 6690 drouelRResliart fRPLEoREhE, 1. 1
-propgﬁgggggp %%%% acig?g%ﬁgcﬁeg?%?ﬁ%?gl
- propanedi sul f.onj c cid, 1,2-ethylene disulfonic
7agi d’?hql_sogl_tl‘sg?l &59191'|érhgwg?r|§ia| Sﬁlér}l]r%@ pélg¥ydsulfomc Iamg has a éoncentration of
tri f b@raesmts0angsout $00nanaser tter BEARREY! f oni ¢ aci d,
per fl uor obut anesul fonic acid, pentanesulfonic acid,

gP he nﬂtleoiol%tfog %'f ?1?1% fjwhgglgliq%l 5’[—*‘ Esgo%m/ei%n %%' tg 4

par a- enesultoni c .- and xyl'enesulfonic acid or

m xtures thereof. 5. The solution of claim1 wherein )
Isai dlhf phtistof elpins LvhgRinsaid igr INEE ylforis aed iy ampdie gf sulfonic
fromadpout 1 to 1480 grans per liter of solution. 19

WO 2004/ 105051 PCT/ US2004/ 014900 6. The sol ution of

laim 1 erei.n_said, hi ur.i sul fonic acid h .
1 onc I ARG 5} Pt Rl bl s 3ty R oPe ien
per purite alkef orsofl wilfoniv. acidl of Torenudn| uti on of claim 1
wherein said high purity sulfonic acid has a
concentration of from aboutR30 to about 300 grans per
liter of solution. 8. The sollution of claim1 wherein
the pHis between 0.5 t MR- 6. -(FBOFgluti on of claim.1l
wherein said high purity sulflonic acid is a m xture of
sulfonic acids. 10. The solBfion of claim1l wherein
t he ek fb C ] '

pur 1 Paiege, R Bod 2 SRR 8F oefB5] Blo A8 buBtnftully By b

- C hydsgra-hgist. CRF, Bih b8k nr RlowRr aliylr@¥p saeleast (Bl mavire n is

dj ' .
o SbASTE gy USRI e, VS RS,
as (8P andhervaies fiom 1 thrcmd M {sa retalrftbnt tha CBiog lanthanide groups of

un- sybsti.t ut or substituted by oxygen, d, F, Br, |
CFs,g@pg%ﬁﬁiﬁ d x varies from1l to 4 and Mis a neta
fromthe 2B or | anthani de groups of the periodic

1.ab| ‘Ehe splutiopiéclais LR Vesieippn &ldiiidhal metphw@itds pmplpyed ata
' Pd' YdndbtHatiBEb Ok ons fhdut | B SR 0GR peR litef HORMLAAL T ON

of from about 1 to about 500 grains per liter of
ol utjon. 12. .The | uti.on of..claim erei.n an
1 pa Pt drin B veret B dicsial BeabNiotmuRRE f on
of | f onaeaRab oflfforh Bboab Do A0 400 gramsiper litet $f6luttbn.
sol uti on.

13.  The solution of 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, ethanesulfonic acid, propanesulfonic acid, trifluoromethanesulfonic acid or

mixtures thereof.

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

methanesulfonate.
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13. The solution of claim 10 wherein an individua

nmetal salt is enployed at a concentration of from
wahout10361t 0 about 150 grans per liter of sol uPComS204/014900

The solution of claim10 wherein said high purity

sulfonic acid is nethanesul fonic acid, ethanesulfonic

laci dThesbusiones deimbH] whereindhe metplsulforriopid briiie serrdusni ¢

aci dy@fand¥iddfees thereof. 15. The sol ution of claim

10 wherein the netal sulfonlc acid salt is zinc

1] RS tiod OF i, O W e an SRR pavsais grrie 0

sul f mBthanaglifshatal t i s cerrous nethanesul fonate. 17.
The solution of claim 10 wherein the netal sulfonic
cid
185) CTBE durlof oP Bk S0 R HBNRHN AR o pord U8t 5 papadim
aci dmsthhwesiléomatgnadi um net hanesul fonate. 19. The
solution of claim1l wherein said buffering agent is
19ddetihd @hRd 6 dbith 1 WReddil s8ld bubthigngSQbmtié Aled #modilfe the pH of
solution of claim19 wherein said buffering agent is
bori Be&RIHON- 21 The sol ution of claiml wherein a
conductivity salt is added to the solution. 22. The
260! uThesvlusion of elhim Piwhdnein edid befitrthg@gerd ischariciatid. salt is
an anmohiumion. 23. The solution of claim1-wherein

21.he srRARioRlbr S8R0 MeEH h 06hdakivdy ¥Rt Rubeiasy ifel BRition.
( CH3SSCH3) , dlnethylsulflde (C}B CH3), dinethyl sul fone

Z%F}B§E§%§§%?Of§ ?5r6%%$%§ th'éﬁﬁ%%%g%mnmnmnnon

CH3SO2CHC12), et hyl nethanethlosulfonate
2{ cHeBrpsabytioy of glpim thym thqwuphiateb eqncensigerof dipeBridcuigide
in Sﬁifﬂs§@fﬂ;§t &191'%th'y§uﬂﬁ%§ fCItrIRiL, R Ry Q 13RY gc%%zc&)

process of met al -sul fonate sol ution

di ssfesllcblpwleﬁwﬂ @e bdﬁomeﬁﬁﬂﬁozcgéﬂmmrememmthﬁwlme
d
or o sOg@ﬁéfz) alh;,fmm%&}@?éghg%gpmgpI 4 ﬁf),oaﬂh EncSH

acco
con c@ﬁﬂlﬂ@ﬁml&maﬁ@ 4CHS:CHanin abid golutiorgs less thambwut 50 HG/1.
g/l. 25. A process for the deposition of a netal from

24.he 5 @kdteisof naking hittaDsdifHRRRbEbRDY dAASISING PuRimetal, metal
el ectric current through the solution to electrop [ ate

a metastongie, Hetkaxide oamhsymefalrﬂalss iatosa bjgh Pt sulfpgic Apiskaccording
proceehiffl vwHedinihd et @mofcdnfichuRstd @511@ about 213/1 ltcpﬁfotut 150
el ectrode of steel, copper or copper-alloy, nickel or
ni ck&l-all oy, cobalt or cobalt alloy, a refractory
met al or oxide,

25. A process for the deposition of a metal from the solution of claim 1 comprising

passing an electric current through the solution to electroplate a metal or a metal alloy

unto a substrate.

26.  The process of claim 25 wherein the substrate is an inert electrode of steel, copper or
copper-alloy, nickel or nickel-alloy, cobalt or cobalt alloy, a refractory metal or oxide,

carbon or an organic substrate.

27.  The process of claim 25 wherein the high purity sulfonic acid is methanesulfonic acid.
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carbon or an organic substrate. 27. The process of
claim25 wherein the high purity sulfonic acid is
wortdanssul f oni c acid. 21 WD 2004/ 105051 PCT/US2004/014900
PCT/ US2004/ 014900 28. The process of claim25 wherein
the sol ution contzéng a, mxture of sulfonic acids and
war

2%t hekheiprRseyaireim 5P soktiog Sontoigs 2 mbeuss o sigfagicareids and

cl aldmez,%ﬂoys@grcghaoﬁgaﬁleggldgur rent, pulsed current or
periodic reverse current is used. 30. The process of

2% lS a Lﬂe&?oc\ééﬁ O&‘%’] H‘n % r gvggrselgll Cg Ctl ﬁ%tsi'gntu]ggseed %%I’Ir éé‘}q ﬁlr‘ {)Gﬁ’]é)glc reverse
t enparredtus esedf the solution is between about 20C to

95C. 32. The process of claim?25 wherein the netal is

3¢ur engﬁ&less%c@lnq@i #herdl Iaosmu\met [hsQuie btnert Bﬁdamlﬁse&'p
ZB and the | anthanide nmetals of the perlodlc tabl e

natlons The sol ution
or e RRE S ahiEaT Phorethine FrpaRfutadsodsiog (bt
hlghmﬂjuMHT@nt sul fur conpounds susceptible to
reduction is |l ess than about 50 granms per liter of

3581 A3 QldbedsQf claf? 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 50 grams per liter

of said solution.
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