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salts, sodium dodecyl sulfate (SDS), other alkyl sulfate salts, and
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10 at typical use levels. For exanple, if a tablet of the present
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preferred that 15 the pH of the resultant detergent/chlorine dioxide
sol ution be bel ow about 12, as. chlorine dioxide de%rades at a pH

hi gher than aboB ofsn overly acific liquid sixtuse camprasireesie dogide epgphosphate

hal ogen concent rérs@r: @bselwWigcH \eﬁllﬂuff&fthe ﬁﬂ?hwpréfﬁrrécmebﬂ bbtoden @Suti2 Shd

hal ogen can | eagg % gﬁ%ﬁ‘? Je. Qi O]{'lacr:rgc ong e%NLﬁ?%v?E bhil& t§e0]LI¥M' Qh u1

comes into conta ogen can reac or gani na
to 20 produce t widitere hﬁ@g@&aﬂ@&ﬂh@dﬂ@&d’rh@ﬁsme pH at ﬂbquh4 &t her

situations, fhe pr esﬁ%ﬂatﬁélyathéﬁﬁ%ﬂhgﬁhﬂ{d Hﬁﬂﬂe%@:ﬂﬁﬁd‘ﬂécﬂﬁdrﬁ@dﬁixde and
chlorine or other free hal ogen I.n soluti be _acce such
Fitep et

situations, it ProsPhBiesnsy whrgntlyhes withn thedesy ‘Eﬁ"é’éte’b?y“ me
enbodi nent of t Bibgide. EarRkample liflsotid bodiesf vertypehiigghssd mdm/lémdnsd\kaqueous

sol utions of c hk g%éé a%%’ﬂsg.%zmg {lgedthhﬁroétﬁglﬂ% cﬂfon%@@m%ﬁe,%?@ftﬁ@t I on

of chlorine di oXl concentrat.i ons_ of
chl orine di oxi d@ﬂdﬁﬁt ligwiomixtere mwllﬂwfbkﬂéh“t@?fef‘%ﬁ“@ upop synihesis| Hpg
basis. In thesesips@En ﬂ{emeg;ﬁwmhﬁ@hbxﬁmoﬁéh e fuethéradjuey thd pIE of dualh Hgad

in solution nmay be equ V. rthnth of
chl orine di oxi dBfe% Iaﬂ?tlﬁ‘f)rrfq%ﬁﬁlé &E%&‘%?"%g%ﬁgg %50 ?‘g&gﬂu&rt%%g%‘fhs
conponent nay bwilkinpkoyped dterass the pH ofihie pnixtyige h surfact ants may 30be
cationic, anionic, OfyeMaiineBlokide forming tHRpdsitih@bMpReing ﬁ]ﬂsﬂ%@%@é’d&o

enbodi nrent of the invention may, 1f_desired, conté{il tgtl %
addi tional i ngr et liqudmixts mak becampgped of g me 81%’1‘ MAGCIRUTS ™ i n

the tabl eting pefaassSambbmt bﬂﬁlfo@plﬁtetubﬁ tp Fedscecthd ccﬂfosm bfibt tesultant liquid

characteristics _of the

sol ubi | zati on SRHFE°F E%a(ifjl es‘cf>g Qmﬁf C%)llgl 92 EI OXI gﬁglpihgs rcmsanwd
2007/ 100531PCT/ pﬁé@ﬂ&&?hm ey l&re«tumeqhgxoadveetrﬂlgmmbqhmﬁe wtﬂoa% not
limted to fillg 1d§%r@ﬁd@ﬁ{e%ﬁwtﬂ'k Lxﬁolﬁlk@éfpﬁ%hﬁ@iy iHIkbE BdriVsioH e The

tabl eting andta ubricants; stabilizers; ti:caking
agents: desi ccalifigmigeiscan bepRdued bymidngAILAS 9! “éﬂ%‘hﬁg’ & um
sul f ate; p?ae f%ﬂ?dﬁﬁ:loﬁgﬁm:lﬁleﬁlﬂ6hby&ﬁlxﬁ1g$)mbhlatagormim’cgmpnahm :agredleut(g)
Lapointe clay avajlabl.e from5 ut a

frgrrevvork fo?/rre?“ FALe atiurdle 188 S Oﬁéb "ygr%&ggéiﬁiecronécdg%sn%s i fE}‘E}gellrll a
in the fornul at nm:tmtembmﬂuliebam tbw\fosrmbtmsqlutloy byd @Y 815¢ ERERBRFF k

structure in Wn?l%geﬁsaﬁs,(‘emu%ddgQn@étﬁéi"u@ﬁss%%%%eﬁ s@&?iéaﬁﬂ;ﬁmlﬁ&)}i of chlorine
proceed. rvescing agents s sod Iﬂ’tq“ car bonate nay be

i ncl uded in srraF’i"xﬁlﬁ’lBB?r‘{PBa‘eé"@“0"‘55%6‘1‘ ygrgeasys % based on
the weight ok the Son&dnedgé,solbﬁén(ébafﬂabmmfcbmpvm mey ingjedetan agesons
reduce the convers Lorite aniont " <Y

accel erating bré‘gﬂzoﬂ%ﬁ 81!'] THFL SRS ﬁurwh%%dag sq:lhggﬂhg@ Bilion, water
i nvention incl udiese t\wrgetimddihon%}pwd@w&tlwdmg %Wicogég’enwhf’ﬁ/pe of
devi ce conpriseg, rﬂ@rﬁﬁ? lBQ@ttal&'hgls, aidehyes, %téb&l:seetbnlmaﬁﬂqulawﬁnﬁxh@

preferred formlation such tablets conprises artlcu

techni cal gr ade ceBBesifipndngredipntgused fg fopming theliquid: f"z‘ﬂr‘é mﬁlﬂ\%@?ﬁ%‘\fﬁ

sour ce ot hersot hanlolieyHiagas a@masmbﬁhﬁuat@pmﬁmmblqm ;s%lrrcdmnbthfffmng
and ‘a parti cul at A qé'%'?'})‘%}rg’o@e artlc%ﬁatqu 'I%gcgnspﬁ)glﬂ 1e§f§|u§edtt§£7foauce

sodi um pyr ophos hydr ogen
phosphat e, pot asks ligwidinixpute wijtbe @mgqﬂha? eoligrhedThe F%“%?SV\N  gpriprige

art. Additional Hﬂﬁ@&%&%ﬁ@&h&%ﬁy eliRfks Sacheb Bﬁhcdlﬁe fleg1 éadHtet
maki ng t he phosgﬁate rese

As in alternati \Particpi aﬂﬁ‘bi“@(m’i‘ﬁvup'%rﬁ‘c‘gﬁ%plb%g%aéﬂ ?E lﬁu"tltt"’ﬁﬁqulor me%‘r




of their chlorite anion precursor chem cal to chlorine dioxide
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Phosphate. Additional phosphate may be supplied external to the

tabl et wherein the phosphate is present both within and outside the
tablet. I.n another alternative, the tablet will lack the Rhos phat e
thus the phosph#ilbbsgidic ‘E?éf"@&ﬁ’iﬁ R TeRblE PG apept ¢t cqnypyf ghloritg anion to
particul at e powecifiomit didxdde aht edpragide fp aRiréreoval efmineryl e mhaxabdeyaabae
added Lo even MMl NGk IRl Rfacdlhs bBfow b MR rle RIPHUEMAY Of
the chlorine di6x1 i as are
trapped in the pml@swdie @h@nmmlknwlf@rl%ﬂﬁéﬂ“ﬁl@teé@?éfa“‘f'ﬁt o the

bul k sol uti og. compattb(ﬁ%/\WtﬁHefaﬂi@ls%a%eéjﬁmﬁlﬂﬁariﬂ fefbustnyddf surfddgs.
particul ate powdered ingredients are nd the resul tant_ powdered

mxture i s conpressekheimeta CPIQBFeeﬁEnP&ﬂyéd H‘tth%lp‘FﬁPE‘@v‘I‘g%f?’l EEPERLY fegny
produce a subst aatai étlibrite.iPRéfaeéd thethll chlorites Wi atiali nyetad biditited, s@HGs 3IGH0

Ib./in.2. The.r e@%illlg% Zc Labl et 31 are Aﬁ&ﬂpxlt &l e'ta”@lzlﬁﬁtg{]@ag%fsﬁ%e E@Bﬂ¥&5

the tablets are romex osure

vapor). When i nEransdes qfﬁlloabneeqarth msl clawitesclsclp@d?ad}n}l Cbioﬁtfu??ém‘&“ Khlgney
converted s@put h%%eglﬁrﬁghlghiem%sd @fe’n@@metal chlonte used hdrehdl ieodivai
this second type generall rovid rrg ieient. co [Si ?‘h ﬁ m%
chlorite ani on FYO%H B\'ﬁ"ﬁ‘éc °6>?|'?Fé"’1(? {‘Pf?éerlgﬁ”tfe“sf ‘BFST SPEThE P st
type. It is believedriehaid sbinkce mag naluge inecpanis acitl sats] its swipgising thejpnions
por ous 11 &MY e 1 VLS8R LAMSLAILE 10N IS Imif i oibac Dl Bl

di oxi de form ng reac unt 11 tanti al exhaustion . of

the reactants. oiatsr ‘Fﬂlﬂe“ﬁl“é%@ d&d F%‘F ?Péfﬁeo Aejds that eandiberatsprotans wig seffifion
type of devijge kWhed&nt0168ihIvate?, Bﬁﬁdzlfnp&ubﬁ-ﬁ)aﬁ}& bfithk ycitvidnteixchabhfre form of

favorabl e environ Qr e i
sl owl y sol ubl e) wﬁ?ﬁ@agsw.ﬂﬁ@v@ (gee @gg%g xf)%éts?g dzﬁ)mb Sgd%%régi g%ér |(°8 "
of this framewonsidsppbas sitdoacidmeitatasia beid;amd mraktings thareat tTheaeif serredn ins

reaction tinme, ?%r%]m#éﬁéfahgnsadf ll]leq;rest‘:xr&%\ﬁm&:r istp?ef&%l?ﬂpm&lﬁe solid
opportunity to

orm chl orine dioxide un erh% g
condi tions wi t himsterinbwisieh daes nqtrpact sbsipne)ly iththegpgigle 6‘3’&\’(/‘8? P SmaEs
chlorine di @gi dBowdver, @0E¥ reats With ehedftileRlotife th, Remfchlosine dippide wherbisiting

di ssolved into the bul k sol ution, at the s et h hall
produci ng chl or PFFéeD&FBEQhﬁéq“egi's 581“%" ASISEL evg“g? at%?héeur‘%egggent s

will only react geerdlly niyaeprcighlhty seisbmubnﬂi athichinielf seidiy o6 Rropugcs gp acidic

condi tions (Sucgnﬂﬁan}n@ﬂsﬁuﬁlh@&on@él with Mﬂl@hrﬂi théi®l cﬁﬁhﬁa’imac'id'ﬁbumc may be
tablets), that fraction of th hIorlt t hat Jn?SO| | k

o hu
sol ution prior eates solulale 81 swhstpntially, selphla In Ngter- eprei\e/:rred aci sources are those
2007/ 100531 BGT/ US2iGeéduod 2 B8 of Belohv abioutl @, mork preguritdy below abduy3.r emai n as

chiorite and not be gonyerlad i Al ALLAGLAANIHRLILRLokAR ARk b

dilute conditions of utron ow _sol ubj | |tyFArQus

framewor k of t heoplinaitektoawtersalyblsiselidaridsmuahiag bercesil cimqacid, farengoid,
devi ce coNpri seSy,fe5RHE Watic a6l ARk dﬁ&&ﬁu&ﬁas%all@cv\érﬁ@ﬁﬁtm iﬂdtwhttﬁ soluble

conmpound such as cal cium sul fate, Ci um
phosphat e, magne§idFAltHERpFatcrm ?13?94 g{g’flé‘?’?ﬂ °g" '35}‘11(5“3?)l Ap-d1igm

zi nc phosphatoe; dhloride |nmgn&ﬁirmh.llfatet ylummnnpdutfus soitmracidl sulfaie INaHESO,),
silica-alumna ge li.ca- o taCRh RS

silica gel; andgs‘ﬁﬁ@ma#wdfoggn a‘é‘@?‘l&" Ok plpi;a O?&gﬁ\hﬁt A,
substantially i nsmisaiuhdlﬁyd@m\!howl@}e @Hﬂ@ﬁ:@ﬂﬁﬁ’t’“&'ﬂ%ﬁ“&gﬁ' ThpBft pefemred

clay. The cal ci ygsilketGodilmReRlarab (i vislmey Adaiond hatet saeld i
between calciumcations e.g., fromthe calciumchloride constituent

and sul fate anions derived fromthe sodi umbi.sul fate constituent.




enhances the pore structure of the porous framework by form ng cracks
and cavities as it swells. W have found that form ng the | ow

sol ubi I i t y"BPH(180Bt anewor k, e.g., the cal ci um sul f at e PCIH{SB07A 4288
phosphat e, al umi num phosphate, etc., ¥rameworks in-situ via chenical
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30 particulate solid acid source and particul ate phosphate, the

chl orine di oxi de and phosphate liquid m xture is fornmed by inmersing
the solid wopovosaater. 1f, however, the |iquid m xtRCESS00FHr4RE8d
using the solid body having particul atle sodiumchlorite, at |east one
particul ate solid acid source, and | acking a phosphate the solid body
must be imrersed in an aqueous phosnhate solution to produce the
chlorine WD 2007/ 100531PCT/ US2007/ 004288 20 di oxi de and phosphate
liquid m xture of the present invention. Such agueous phosphate
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the solid bodies_di i)cus&ed i di at el \B/ a{)nove &:ﬁﬁ used to form
the [iquid m xt BRECCHBPATH S BRPE TH EBY PP AT AL ERET
present inventi pmtwAsffmtlthn‘nIt!ye aosefithdtod iblifiduabeffdctyeThd amoutt ofisitfactapt
conprising chlo Iy gls‘pp { : 8,

aqueous sol u?| o{rrl#seggnsa9 fz}alsb%{zgtttcbc'f)a‘l ma?'l’ %’r? ¥a]§%u€%ﬁs/’;b(§) rﬂ%ﬁ%ﬁg‘ﬂ d5
particul ates. Thé /partl cul ates may have di fferent si zes and shapes

?nd need EotI be di spRs@enticRedabsnt, wﬂn@%emfoa RFhAB €R liqhd RBR of
ormng the liq

ture.usin u utlo eous
sodi um chl orit e&‘g 8#&?’?6’??’ SRRy ’B"Ogvr?f i %&Jﬁﬁ Ges DCEPRGT ‘gatgg?l%%gmpomms
sol uti on. Anot hae collchivaly fispostdinm hedy,isheh as nqulﬁﬂdy h@@rt anddhensaddedgo the
conbi nat i on,@f S%ﬁk‘&ﬁ%luﬁ&lx Ud 1ﬂ%mame BﬁéJséeﬁ% @Jrﬁﬁorﬁ%?gslgﬁécﬂ} BObat. Nos,

di sposed in erein | east one of e nmetal chlorite,
the acid and t h€-4%%?pﬂ‘i‘§t6é9§\ﬂ4?1 a’lﬁ‘ém? igeqrRarated breip By FdFIRRCe1 5 AN Ot her

met hod for produci ngsdhheboaquulgdmhbwimh@nwwﬁﬁlamgnawchrolmme:uch osbdiem
and, phosphal e g aSdiRlaith: ?qézc&;zymﬂ%s ghay sulfm:e IeofiRphieFa o Isammtc

encl osure that s conprl rt
chl orine di oxi dehogpime such mgsodiymstiedrmesn P‘S%P}ﬁt% Hﬂ@éﬂlb’aﬂfﬁf‘é‘iﬂ%&%“m of

chlorine di gxi dﬁe@ﬁt@eamdms Q@mﬁ@@moﬂalaﬂms&bwﬁc ﬁﬁﬂerdhms&&eamd
The

held in the encl osed space o a

device is then ¥EHPHRP W“Fﬁ“\tﬂgtsggeﬁ%& ?‘%&&8‘ pﬁ?lsgh%t%]hsé’csﬁds or| ne
di oxi de sol ut i osnurce, then @tvessraeidis mqeredewctmeert éiemmlpmméablﬂwﬂe dioxide
al | owi ng the wafgf as'v&yll%_?_tt(hﬁ'oggﬁé Qeﬁatta{l ﬁ@@ﬁﬁtemthbmﬁﬂﬁccbxlcﬁﬁdmgkm| de

generating component's I'so permts chlorine digxide to
pass out of thebef¥s glyerpus Eﬂ‘?ﬁ“t’?ﬁe‘efﬁtﬂﬂi‘l“&"?ﬁlﬁt‘fﬁ gt X pisurepeisye that
chl orine di ogi dean b evblived dllsoti@d:etxrelmis tThe sotidlibotais euithdle foeprbducing the

di scl osed in 6, 238,64 and|3|n i .
Preparing the cﬁf‘ i 3“‘8.‘:8‘“1*’85“‘% ? ur e &S%ﬁ;%@{},ﬁ% SO c‘?égﬁ “o‘a’i‘}"’or
t he menbrane devi ce 4$hwdberkin; the tﬁembmivdlbs@“mvﬁ'wo id shapgpreferably a porous
concentration, %lfd%ﬂ%hc&%sfnifa%‘n&tfurer cﬁ"g%&lﬁr @h&ﬁk&ageaem Gmérstﬁ the size
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25 inproved stability of tablets prior to imersion in water. O her
ingredients were dried as described in US Patent 6,699, 404. The

desi red anworomiossach i ngredi ent was wei ghed and t he iPQIrEsdioantdgss
were m xed and pressed into a tabl et,12and sol uti ons were prepared as
described in the above-referenced patent. The tablet forrulations in
tables 1 and 3 were tested and data was conpiled as 30 to the
chlorine dioxide yield, chlorite anion (C102) yield, free oxidant
content presence of chi orine and pH level and is di spl ayed in tables

2 and 4, respecPhosarajes urkwiths theselist bodiss aeisispilor igethese eatigned gbayy under

pot assi um |hod| ga,r{na Ba;ﬁdih edifad. e titration foll OWI ng t he net hod
given in the "Stan odsf t he Exam
2007/ 100531PCT/ US20 a3o7y Mgl %s"f*‘é%‘?‘gr"} 2] f’é‘f’ﬂ"eéa“’“ ‘%ﬁgg‘,“epgs.

4-57 and 4-58, diosidpis thadedtbhssetoftthmblm oﬂx&sp@m@emhpdan@! af thig invention.
| ndi cat or engpoirps, {Rst ﬁ@d?lmale%mag&gs#tamgﬁhérxdm in powdge@ﬁmlamdaéae
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0.10-40 wt. % 9fbesamecwlynge o wstesps the corzspapding tﬂéﬂﬂfé-cﬁ'wcéahfs‘grammg@f wt

% acids-in an émmamomelab@uﬁceasyaﬁ tiflet tén fbpERE povadet.[Reasbrathd- 75
w. % nore specifi.cal !

J ens r ange:-of out " |
0.50-10 wt. % L35REpes ‘8§‘W33 “8‘“\%(“ “%F‘%B‘Pgm{s?‘f)"‘e‘b&l" #‘%‘gf ‘gfeéto‘%ﬁt‘%?%
and phosphat.es suprsingghomomengh. about 10-60 wt. % nore preferabl y

from20-50 y§. % | nafulief ﬁa%h@rrgmmwmy uxeb&umeama;aaoﬁssﬁ Wb@ﬁ&@&
in an effective anpunt to pronot e cleaning being in a ran about

0.1%to 95% nothatthe ey bizhrcapiepian =i °F%§H@‘B° gion R shlorire gy "'?3‘!%“% om
Al ternatively, hBQsdbfaBEPRABIEE of the pfeeaﬂ: Binbddimen o fhE pkntitn casm badandeahe

the range of  abBREEGIEeSSRiPE 3oei P ATt Fhardr SRk Rrifhu FERE
about 1 ppmto féMetrativnl of whtet thetFith Fmebmnm“mwa&‘mt& ntpgdpigm ‘%hm the pores
Conponent 2, 151 8“%?;%&: it GRS %d@on%ﬂ%or@m%ﬁtﬁnﬁn t0

Nal t Pat % Q0 56.67 25.00
° chlorine dioxide within the porcs 0.00 50.0

_ It is known in the art that the rate of the reaction wherein chlorite anion is
converted to chlorine dioxide under acidié'cori'ditions is of a very high order in both
thé concentration of chlorite anion and acidity. Increasing those concentrations

20  dramatically increases the rate of chlorine dioxide formation. '
It is believed that when water penetrates into the pore structure of the tablet,
the water dissolves soluble constituents from the tablet and thereby forms a
substantially safurated acidic solution of chlorite anion within the pores. Accordingly,
the conversion rate of chlorite anion to chlorine dioxide is high. Nevertheless, despite
. 25  the high rate of chlorine dioxide formation, a pore network must remain intact for a '
sufficient period of time to allow the conversion reaction to proceed to the desired
degree. Once the reagents have dissolved into solution, the further conversion of
chlorite anion to chlorine dioxide is very small.
The pore size and pore volume ranges required to facilitate the desired degree
30  of conversion of chlorite anion to chlorine dioxide will depend upon ma_.'ny factors,
e.g., the particular combination of reagents in fhe tablet, the size of the tablet, the
shape of the tablet, the terﬁperature of the water, other chemicals dissolved in the
water, th;z desired degree of conversion of chlorite anion to chlorine dioxide, the

desired amount of free halogen to be delivered into the solution, etc. Accordingly, it is .
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“ not believed that there is a single optimum range of pore sizes or pore volumes that
will produce an optimum result. -‘

Tt is within the capability of one skilled in the art to vary the pore size and the
pore volume of a tablet to achieve the desired result in respect to the characteristics of .

5  the chlorine dioxide solution. For example, the pore size and pore volume may be
varied by varying the particle size of the powder used to prepare the tablet or by
varying the compaction force used to form the tablet or by varying both the particle
size and the compaction force. Larger particles of powder will generally produce
larger pores and more pores in the tablet. Increasing compaction force will generally

10  reduce both the size and volume of the pores in the tablet.

The tablets of the present embodime;i!: of this invention have been observed to
rapidly produce a highly converted solution of free molecular chlorine dioxide,
meaning that the conversion ratio (chlorite anion to chlorine dioxide) is 0.25 or above.
Preferably, the conversion ratio is at least 0.50, more preferably at least 0.60, and

15  most preferably at least 0.75. The term "conversion ratio" used herein means the
calculated ratio of the free chlorine dioxide concentration in the product solution to
the sum of free chlorine dioxide plus chloritc. ion concenirations in the product

' sc;]ution. Further, the chlorine dioxide solution is rapidly produced in a safe and
controlled manner; and when the chiorine dioxide concentration so produced is at

20  typical use levels (about 0.1 to about 1,000 ppm, preferably about 0.5 to about 200
ppm, by weight) in iypical tap water, the solution will contain substantially no free

" chlorine or other free halogen and will have a generally neutral p}i.

The term "rapidly produced" as used herein means that total chlorine dioxide
production is obtained in less than about 8 hours, preferably in less than about 2 houfs

25  and most preferably in less than about 1 hour. The term "no free chlorine or other free
halogen" uéed herein means that the concentration of free chloﬁﬂe or other free
halogen in solution is less than the concentration of chlorine dioxide in said solution
ona wéight basis, preferably less than 1/2 the concentration of chlorine dioxide in
said solution, more pref‘erably less than 1/4 ﬁe concentration of chlorine dioxide, and

30  most preferably no more than 1/10 the concentration of chlorine dioxide, on a weight
basis. )

The term "generally neutral pH" used herein means that'the pH is higher than
that normally required to form substantial concentrations of free chlorine dioxide in
solution (i.e., pH higher than about '2) and lower than the pH at which chlorine
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dioxide is known to disproportionate in solution (i.e., pH below about 12). Preferably,

the pH of the resultant solution is between about 4 and 9 to minimize the potential for
corrosion of materials with which the solution comes intol contact. More prei‘erably .
the pH of the resultant solution should be in thq range of abont 5-9, and most
preferably in the range of about 6-9; ideally the pH will be 7. In certain cases, it may .
be advantageous to produce chlorine dioxide m a solution that is already at either a
higher or a lower pH than the pH of about 7. Tablets of the present embodiment of

this invention may be used to deliver chlorine dioxide into such solutions without

. materially changing the pH of the solution when the chlorine dioxide concentration is

at typical use levels, For example, if a tablet of the present embodiment of this
invention is used to produce chlorine dioxide ina typical solution of laundry
detergent, it is advantageous for the detergent solution to be at alkaline pH (i.e., 2;9)
where the detergent functions best. Tablets of the present embodiment of this
invention may be used for that purpose. In such cases, however; it is preferred that
the pH of the resultant detergent/chlorine diox'ide solution be below about 12, as .
chlonne dioxide degrades at a pH higher than about 12. '

It is often advantageous for the free halogen concentration of the resultant
solution to be low, as free hilogen can lead to corrosion of materials i in which the
solution comes into contact, and free halogen can react with organic materials to
produce toxic halogenated hydmcérbons. . -

'I.n other situations, the presence of a relatively high concentration of chlorine
or other free halogen in solution may be acceptable. In such situations; it is possible to
use the solid bodies of the present embodimenit of this invention to produce very
highly converted aqueous solutions of chlorine dioxide where the ratio of the
concentration of chlorine dioxide in solution to the sum of the concentrations of
chlorine dioxide and chlorite anion is greater than 0.5 on a weight basis. In those
cases, the concentration of chlorine or free halogen in solution may be equal to or
even greater than the concentration of chlorine dioxide in solution on 2 weight basis.
Suitable surfactants component may be employed herein as well, such surfactants may
be cationic, anionic, or non-ionic. .

_ The tablets of the present embodiment of the invention may, if desired, contain
optional additional ingredients, that may be useful, for example, to assir;t in the
tableting process, to improve the physical or aesthetic characteristics of the produced

tablets and to assist tablet solubilization and/or the yield of chlorine dioxide obtained.
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Such ingredients include but are not limited to fillers such as attapulgite clay and
sodium chloride; tableting and tablet die lubricants; stabilizers; dyes; anti-caking
agents; desiccating agents such as calcium chloride and magnesium sulfate; pore
forming agents such as a swelling inorganic-é.]ay, e.g., Laponite clay available from
Southern Clay Products, Inc., and a framework former that can react with one or more
other constituents in the formulation to prod'ucs a low solubility porous framework
structure in which the chlorine dicxide forming reactions may proceed.

' Effervescing agents such as sodium l;icérbonate may be included in small
amounts, €.g., about 1 to about 50 wt. %, based on the weight of the solid body, but
these effefveséing agents can reduce ﬂ]e con*.;ersion of chlorite anion to chlorine
dioxide by accelerating breakup and dissolution of the tablet. .

The invention includes two general tjpés of tablet devices. One type of device
comprises tablets that are fully soluble in wate.r, and the preferred formulatic;n of such
tablets comprises particulate powdered technical grade sodium chlorite, and a
particulate powdered acid source other than dihydrogen phosphatle, preferably sodium
bisulfate and a particulate phosphate such as powdered phosphate salt tetra sodium
pyrophosphate, tri-sodium phosphate, sodium dihydrogen phosphate, potassium
dihydrogen phosphate and others known in the art. Additional phosphates may be
supplied exterm::l to the tablet making the phﬁsphate present both within and outside
the tablet. As an altemnative, the tablet may lack the phosphate but be formed of the
chlorite and the acid. With this chlorite and acid tablet, the phosphate must be
supplied external to the tablet. Additional particulate powdered ingredients may be
added to the tablet such as magnesium chloride to even further improve the yield and
rate of production of the chlorine dioxide. The particulate powdered fngrcdient_s are
mixed and the resultant powdered mixture is compressed in a tablet die at a force
sufficient to produce a substantially intact tablet, typically about 1,000-10,000 Ib./in. 2

The resultant tablets are stable during storage as long as the tablets arc
protected from exposure 10 water (either liquid or vapor). The tablets rapidly produce
a highly converted solution of free chlorine dioxide when immersed in water.

The second type of device comprises tablets that are not fully soluble in water
at a high rate. These non-fully soluble tablets are designed to have (or produce) a low
solubility or slowly soluble porous framework structure in which the chlorine dioxide
forming reactions may proceed to substantial completion prior to dissolution of the

porous framework. Generally tablets of this second type convert a greater proportion
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of their chlorite anion precursor chemical to chlorine dioxide compared to the fully
soluble tablets described above.

The preferred formulation for this second type of tablet device comprises
p.articulatc powdercd sodium chlorite; particn;late powdered sodium bisulfate;
particulate powdered calcium chloride; and particulate phosphate. Additional
phosphate may be supplied external to the tablet wherein the phosphate is present
both within and outside the tablet. In another altemative, the tablet will lack the

_ phosphate thus the phosphate must be supplied external to the tablet. A particulate

powdered clay such as Laponite clay may optionally be added to even further i improve
the yield and rate of production of the chlorine dioxide. When utilized in the tablets,
the clays are trapped in the pores of the framework and are not released into the bulk
solution.

As with tablets of the first type, the particulate powdered ingredients are
mixed and the resultant powdered mixture is compressed in a tablet die at a force
sufficient to produce a substantially intact tablet, typically about 1,000-10,000 tb./in.%,
The-resultant tablets are stable during storage as long as the tablets are protécted from
exposure to water (either IIC[Uld or vapor), When immersed in water, the tablets
rapidly produce a highly converted solution of free chlorine dioxide.

Tablets of this second type generally provide more efficient conversion of
chlorite anion to chlorine dioxide compared to tablets of the first type. It is believed
that this occurs because the low solubility porous framework provides a favorable
environment for the chlorine dioxide forming reactions to proceed until substantial
exhaustion of the reactants. .

Chlorine dioxide formation in tablet's of the second type of device is believed
to occur substantially within the favorable environment of the pore space of the low
solubility (or slowly soluble) porous framework. Since the favorable pore stmcture of

this framework appears to remain substantially intact during this reaction time,

- substantially all of the chlorite anion has an opportunity to react and form chlonne

dioxide under favorable conditions within the pores. This mammlzes chlorite
conversion to chlorine dioxide. In contrast, a device of the first type is being dissolved
into the bulk solution at the same time that it is producing chlorine dioxide. Sin_ce itis
believed that the reagents will only react at & practically useful rate under
concentrated cond%tions (such as those that exist within the pores of the tablets), that

fraction of the chlorite that dissolves into bulk solution prior to conversion to chlorine
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dioxide will substantially remain as chlorite and not be converted to chlorine dioxide
under the generally dilute conditions of the bulk solution.

The low solubility porous framework of the preferred con;position of the
second type of tablet device comprises a framework former such as a Jow solubility
compound such ag calcium sulfate, calcium phosphate, aluminum phosphate,
magnesium phosphate, ferric sulfate, ferric phoéphate or zine phosphate; or a low
solubility amdtphous material such as silica-alumina gel, silica-magnesia gel, siiica—
zirconia gei, or silica gel; and may additionally include a clay or other substantially
insoluble framework or pore former such as Laponite clay. The calcium sulfate
preferably is formed from the reaction between calcium cations e.g., from the calcium
chloride constituent and sulfate anions derived from the sodium bisulfate constituent.
Other sources of calcium cations such as calcium nitrate as well as other sources of
sulfate anions such as magnesium sulfate may also be used. Phosphate ani;)n
preferably is provided by use of soluble phosphate compounds such as sodium
phosphate, sodium hydrogen phosphate, sodium dihydrogen phosphate, the
corresponding potassium phosphate salts, as well as other soluble phosphate salts. The
silica alumina gel preferably is formed from the reaction between sodium silicate and
aluminum sulfate. Silica-magnesia gel preferably is formed from the reaction between
sodium silicate and magnesium sulfate. Silica-zirconia gel preferably is formed from
the reaction between sodivm silicate and zirconyl sulfate. Silica gel preferably is
formed from the reaction between sodium silicate and acidity from the solid acid
source. Additional solid acid component may be required to compensate for the '
alkalinity of the sodium silicate constituent.

The preferred clay, Laponite clay, is insoluble as provided and is not released
into the bulk solution. It is a swelling clay that become trapped within the pores, and
enhances the pore structure of tﬁe porous framework by forming éracks and cavities
as it swells. We have found that forming the low solubility porous framework, e.g.,
the calcium sulfate, calcium pﬁosphate, aluminum phosphate, etc., ﬁ:ameworks in-situ
via chemical reaction is particularly advantageous and that the chlorine dioxide yield
from tablets wherein the framework is formed in-situ is significantly better (nominally
25% better) than tablets in which the framework material is a constituent of the initial
powder formulation. The presence of the clay in addition to the framework material
provides only a small improvement over the use of the framework material, without ‘

the clay.
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The term "low solubility or slowly soluble porous framework" used herein
means a porous solid structure that remains substantially undissolved in the product -
solution during the period of chlorine dioxide production. It is not necessary that the
porous framework remain wholly intact during the reaction time to form chlorine
dioxide. One aspect of this invention includes tablets of the second type in which the
tablet disintegrates into substantially insoluble (or slowly soluble) granules that '
release chlorine dioxide into solution. This is acceptable, we believe, because the size
of the granules is still large relative to the size of the pores within the pore space of
the granules, so the necessary concentrated re:;"nction conditions exist within the pore
space despite the breakdown of the framework into granules, Typically, the
framework former will be present in an amount of about 10 to about 90 wt. %, based
on the weight of the solid body. -

In tablet devices of both types, it is preferred that the powdered ingredients be
dry prior to mixing and tableting in order to minimize premature chemical interaction

among the tablet ingredients.

General Procedures for Making and Testing the Tablets of the Present Embodiment of
This Invention .

Tablet Formation: .

The individual chemical components of the tablet formulation are dried prior
to use: The desired amount of each component is carefully .weighed' into a plastic
vial. In the following examples, formulations are gﬁen ona weigﬁt percent basis.
The vial contammg all the components of the tablet formaulation is shaken to mix the
components thoroughly The contents of the vial are emptied into an appropnately
sized die (e.g., 2 13-mm diameter for a 1 g tablet). The plunger is placed in the die and
the contents are pressed into a pellet using a hydraulic laboratory press. The

maximum force reading on the press gauge was 2000 pounds unless otherwise noted.

. This force on the tablet punch may be converted to pounds/in.? if the arca of the face

of the plunger in in.? is known (typically 0.206 in? fora1 gtablet). The resulting
tablet is removed from the die and placed in a closed plastic vial until use (typically

within 10 minutes).

Tablet Performance:
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The tablet is placed in a volumetric flask or container filled with a known
amount of tap water. Chlorine dioxide evolution starts immediately as evidenced by
bubbles and the appearance of a yellow color. The tablet is allowed to react until

completion. Completion of the reaction depends, in part, on the tablet type and size.

‘ Typically the reaction time is 2 hours or less if.a 1 g tablet is partially insoluble and

0.5 hr. if a 1 g tablet is completely soluble. When reaction is complete, the
flask/container is shaken or stirred in order to mix the contents, Then the contents are
analyzed. Typically, chlorine dioxide is measured by UV-Vis spectrometry, using
four wavelengths (the average value is répox'ted). Chlorite and chlorine are measured
by titmtion of typically 25 ml of chlorine dioxide solution using procedures equivalent
to those found in the text, Standard Methods for the Examination of Water and
Wastewater, 19™ Edition (1995) pages 4-57 and 4-58. This text is published jointly by
the American Public Health Association, The American Water Works Association
and the Water Environment Federation. The publication office is American Public
Health Association, Washington, D.C. 20005. Total oxidants are measured by titration
using a ﬁrinkmann Autotitration System, 716 DMS Tifrino equipped with a massive
platinum electrode (Brinkmann Part No. 6.04‘1'5.100). The method is an iodimetric
titration in aﬁ acid medium based on the oxidation of iodide to iodine and its
subsequent reaction with the titrant, sodium ﬁip;ulfate. The typical procedure was as
fol.lows. One hundred milliliters of chlorine dioxide solution and a stirring bar were
placed in a beaker and 2 g of potassium iodide (Reagent Crystals) and 10 ml of a IN
s.olution of sulfuric acid (Mallinckrodt) were added with stirting. The resulting
solution is titrated with 0.1N thiosulfate solution (Aldrich Chemical Co.). The

* endpoint is automaticaily determined by the Brinkmann Titrino software. This

endpoint is used to calculate the concentration of total oxidants in the sample. The pH
of the original chlorine dioxide solution is measured using a pH electrode either on
the solution "as is" and/or diluted with sufficient water to give approximately a 10
ppm concentration of chlorine dioxide.

When using the solid body having particulate sodinm chlorite, at least one
particulate solid acid source and particulate phosphate, the chlorine dioxide and
phosphate liquid mixture is formed by immersing the solid body in water. If,
however, the liquid mixture is formed using the solid body having particulate sodium
chlorite, at least one particulate solid acid source, and lacking a phosphate the solid

body must be immersed in an aqueous phosphate solution to produce the chlorine
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dioxide and phosphate liquid mixture of the present invention. Such aqueous
phosphate solution may be phosp:horic acid of sodium dihydrogen phosphate or by
adding poulrdered phosphate salt to water. - '

Configurations other than the solid bodies discussed immediately above can be

5  used to form the liquid mixture comprising chlorine dioxide and phosphate of the
present invention. As briefly described before, the liquid mixture comprising chlorine
dioxide and phosphate may be made using all aqueous solutions as wellasa
combination of aqueous solutions and particulates. The particulates may have
different sizes and shapes and need not be ciisposed in a uniform body. For instatice,

10  when forming the liquid mixture using all aqueous solutions, an aqueous sodium
chlorite solution may be mixed with a phosphoric acid solution. Another method for
forming the liquid mixture uses a combination of aqueous solutions and particulates
that are not disposed in a solid body, wherein at least one of the metal chlorite, the
acid and the phosphate will be in particulate form.

15 Another method for producing the liquid mixture comprising chlorine dioxide
and phosphate includes using a membrane device. The device is an enclosure that is
comprised at least in part by a membrane. Dry chlorine dioxide generating

© components, such those particulate chlorine djoxide generating components listed
above, are disposed and held in the enclosed space of the membrane device. The

20 membrane device is then contacted with water. to produce the aqueous chlorine
dioxide solution.

The membrane device is water permeable allowing the water into the device to
react with the chlorine dioxide generating components, The membrane also permits
chlorine ledee to pass out of the device to form the liquid mixture comptising

25 chlorine ledee A full discussion of the membrane device is disclosed in 6,238,643
and is incorporated by reference herein,

Preparing the chlorine dioxide liquid mixture using the solid body or the
membrane device allows for the precise control of the concentration, strength and
rate of release of chlorine dioxide. '

30 Chlorine dioxide has established uses in bleaching textiles and pulp in
making paper, deodorizing, disinfecting, cleaning, sanitizing and stgrilizing surfaces
or spaces. The present invention can further be used in wound dressings,

environmental cleanup, dental/oral care substances, germ killing material, tooth
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. whitening compositions, and personal lubrida_nts among a variety of other

applications.
The ingredients of the liquid mixture compnsmg chlorine dioxide impart

different attributes to the overall mixture. Fot instance, if the surfactant is a

.quaternary ammonium compound biocidal activity will be présent in the mixture,

Surfactant quats, unreacted halogens and chlorine dioxide provide antimicrobial
activity to the mixture. Also, surfactants are usefutl for removing organic soil, which -
in combination with phosphates can result in reduction of corrosion potential. The
phosphate not only reduces the gonosiﬁty of the solution with fespect to use on metal
surfaces, but also provides cleaning aﬁd che]ating capacity to the solution. Use of
excess acid will help in removing mineral scale from surfaces.

The following examples demonstrate the invention above.

EXAMPLE 1

"Tablet formulations wers made gccoiding to the tables below. Table .1 displays
ingredients for a tablet composed of a mehl chlorite such as sodiwm chiorite;, a
halogen such as sodium salt of dichloroisocyanuric acid, an acid other than hydrogen
i)hosl:';hate being sodium acid sulfate and a phosphate beinglg sodium dihydrogen
phosphate. A second tablet composed ofa metal chlonte, an acid and a phosphate is
disclosed in Table 3.

In both cases, the tablets were prepared using specific desired amount of each
ingredient as follows: anhydrous sodium dihi(drogen phosphate (>99.0% NaH2PO4)
obtained from Sigma-Aldrich Chemical Co., of St. Louis, MO. was dried at 90
éle'g;t'ees C. It was subsequently determined that drying at 180 degrees C resulted in
improved stability of tablets prior to immersion in water. Other ingredients were
dried as described in US Patent 6,699,404, 'i'he desired amount of each }ngrcdient
was weighed and the ingredients were mixed and pressed into a tablet, and solutions
were prepared as described in the above-referenced patent. '

The tablet formulations in tables 1 and 3 were tested and data was compiled as
to the chlorine dioxide yield, chlorite anion (Cl102) yield, free oxidant content
presence of chlorine and pﬁ level and is displayed in tables 2 and 4, respectively. The
resultant solutxons were analyzed by potassium iodide / sodium thlosulfate titration

following the method given in the "Standard Methods for the Exammatlon of Water
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‘and Wastewater", 19th Ed., 1995, pgs. 4-57 and 4-58, except that the titration was
done to a starch indicator endpoint instead of amperometricalily.
Generally the metal chlorité is present in the tablets in an amount of about
0.10-40 wt. %, specifically 0.5-30 wt. %, more specifically 15-30 wt. %; acids in an
5  amount of about 35-80 wt. %, specifically 47.50-75 wt. %, more spcciﬁcally 50-60
wt. %; halc;gens in the range of about 0.50-16 wt. %, specifically 0-8 wt. %, more
specifically 2-5 wt. %; and phosphates in an amount of about 10-60 wt. %, more
preferably from 20-50 wt. %. In the resultant mixture, the phosphate is present in an
effective amount to promote cleaning being in a range of about 0.1% to 95%, more
10  preferably in a range of about 15% to 95%. Alternatively, the phosphate is pfesent in
an effective amount to reduce the corrosivity of the sclution. The phosphate is

present in the range of about 0.1 ppm to 10%, more preferably in the range of about 1

ppm to 1%.
Table 1
L5 :
Tablet | Component 1 | Component2 { Component3 | Component 4
A: NaClO, B: NaDCCA | C: NaHSO, D: NaH,POy4
: % % % % -
1 18.33 0.00 56.67 25.00
2 5.00 0.00 50.00 45.00
3 17.50 0.00 50.00 32.50
4 10.00 333 48.33 38.33
5 20.00 0.00 -60.00 20.00
6 10.00 3.33 60.00 26.67
7 15.00 0.00 55.00 30.00
8 14.67 4.89 56.00 24.44
9 17.50 0.00 50.00 32.50
10 30.00 0.00 50.00 20.00
11 19.50 6.50 47.50 26.50
12 15.60 5.00 60.00 20.00
13 5.00 1.67 54.58 38.75
14 5.00 0.00 50,00 45.00
15 10.00 0.00 56.67 33.33
16 24.50 8.00 47.50 20.00
17 15.00 5.00 60.00 20.00.
‘18 30.00 0.00 50.00 20.00
19 5.00 0.00 60.00 35.00
20 21.00 7.00 51.83 20.17
21 27.50 5.00 47.50 20.00
22 15.00 5.00 47.50 32.50
23 27.50 5.00 47.50 20.00
24 25.00 0.00 55.00 20.00




43.29 14 5.00 75.00 20.00 15 3.67 58.33 38.00 5 Table 4 Run Response
002-Yield % Response 3 Free Oxi dant %
% 1 0.64 0.18 0.P§T/US2q97/40428897

1 C102 Yield .

% Response 2'
Response 4WO 28KV 3P33he % Response 5 pH'
2 0.56 0.06 0.58 0.012

Table 2 i
Tablet | Response 1 Response 2 Response 3 Response 4 | Response 5
ClO; Yield ClO;-Yield Free Oxidant | Chlorine pH
% % % %
1 2,72 1.41 2.79 0.039 2.97
2 0.65 0.26 0.84 0.101 3.08
3 2.56 3.04 2.97 0.212 3.19
4 0.18 0.02 1.9 0.895" 2.85
5 24 7.06 2.61 0.108 3.04
6 2.16 0.34 4.96 1.452 2.99
7 1.87 1,93 2.18 0.163 3.08
3 3.61 0.86 5.99 1.231 3 -
9 1.39 6.71 1.63 0.125 3.03
10 1.9 11.73 2.39 0.253 3
11 5.26 1.45 9.77 2.338 348
12 3.6 {03 8.12 2.346 292
13 1.07 0.02 2.24 0.609 2.95
14 043 0.16 0.45 0.013 1293
15 0.99 0.93 1.6 0.32 2.81
16 8.99 1.28 11.28 1.186 3.83
17 3.39 0.64 6.23 1.473 2,74
18 2.29 10.82 241 0.063 3.45
19 0.69 0.05 0.47 -0.116 2.93
20 8.71 0.28 9.56 0.441 3.78
21 7.42 5.79 7.29 -0.069 3.45
22 -|375 0.08 8.32 2372 3.36
23 8.48 2.59 8.85 0.192 4.58
24 2.06 9.66 1.26 -0.415 32°
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Table3
Tablet | Component 1 | Component 2 | Component 3
A:NaClO2 B:NaHSO4 C:NaH2P04
1 5.00 62.50 32.50
2 5.00 50.00 "45.00
3 0.10 75.00 24.90
4 5.00 75.00 20.00
5 0.10 50.90 .49.00
6 0.40 58.63 40.97
7 2.55 75.00 22.45
8 0.10 62.95 36.95
9 5.00 50.00 45.00
10 1.17 67.59 31.24
11 5.00 62.50 32.50
12 .1 0.10 50.90 49.00
13 1.17 55.54 43.29
14 5.00 75.00 20.00
15 3.67 58.33 38.00
5 .
Table 4
Run | Response 1 Response 2~ Response 3 Response 4. Response 5
ClO2 Yield . | ClO2-Yield | Free Oxidant | Chlorine pH -
% % % % %
1 0.64 0.18 0.67 0.014 2.97
2 0.56 0.06 0.58 0.012 3.1
3 0.02 0.01 0.02 0.003 2,72
4 .]044 0.18 0.64 0.103 2.66
5 0.05 0.01 0.06 0.007 2.99
6" 0.05 0.01. 0.07 0.014 2.85
-7 0.33 . 0.03 0.38 0.025 2.73
8 0.04 0.003 0.07 . 0.017 2,78
9 0.73 0.16 0.8Y 0.044 3.16
10 10.19 0.02 0.21 0.01 2.76
11 0.57 0.22 | 0.75 0.089 2.85
12 10,03 0.01 0.06 0.015 3.00
13 10.14 0.02 0.15, 0.006 2.94
14 | 0.67 - 0.03 0.71 0.62 2,70
15 10.38 0.11 041 0.016 2,89
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EXAMPLE 2

Four sets of solutions were prepared by ciissblving a single 1.5 gram size tablet
of the formulation of Example 5 of U. S. Patent 6,699,404 in 600 ml of deionized |
water, To each solution 210 mg of sodium bicarbondte (Na'HCOJ} was added. 37 9
mg and 758 mg of sodium dihydrogen phosphate (NaH,PO4) were added to the third
and fourth solutions, respectively. The third and fourth solutions yielded nominally
500 ppm and 1000 ppm phosphate, respectively.

A corrosion analysis was conducted using test coupons of type 304 stainless

steel obtained from Metal Samples Co., Munford, AL. The corrosiveness of each

. solution was measured by determining the electrochemical potential necessary to

initiate corrosion on each test coupon. The test coupons were attached to a variable
DC voltage supply and in:lmers,ed in the test solutions. A platinum electrode was used
for counter electrode. The voltage between the electrodes was lslowly increased until
the onset of e]ectricél flow. New 304 stainless steel test coupons were used for every
test. The voltage at which cument flow bcgan'is termed *corrosion potential,” A high
corrosion potential represents reduced corrosiveness in the test solution.

Table 5 shows the results of the test, showing the average corrosion potential
for each phosphate concentration versus the weight ratio of phosphate to chlorine
species in the solution. Table 5 is graphed in Figure 1 and it shows that as the ratio of
phqsphate to chlorine species increa;ses, the corrosion potential (i.e., less
corrosiveness) also increases. Thus, an effective amount of phosphate is used to
reduce the corrosivity of the resultant liquid mixture, which consequentially inhibits
metal corrosion when applied to metal surfaces. In particular, the corrosion potential

improved when the amount of phosphate to chlorine specics ratio rose above 0.4,

Table 5
Corrosion Potential

Weight Ratio Corrosion
Phosphate/Chlorine |  Potential

{(Volis)

0.0 0.602

0.2 0.620

0.4 ' 0.638

0.6 0.645

0.8 0.670
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ppm and 1000 ppBXpMPIEate, respectively. A corrosion anal ysis
was conduct ed US! NG i5fielenfRUPARGAGE of RGNS 1 LARE SLie8lacR Ry oned
e
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EXAMPLE 4
20 Tablets were prepared using powdered ingredients dried as shown in Table 6.

Specific weights of each dried ingredient as shown in Table 7 were combined in an
amber glass jar, the jar was sealed and the powders were mixed by rolling for 1 hour.
Tablets were pressed from the powder by placing nominzlly 1 gram of powder into a
13 mm diameteT stainless steel die and compacting. the powder with a force of 2000 Ib
25 ‘using a hydraulic press.
A tablet weighing 1.06 grams was placed into 1 liter of potable tap water and
allowed to react without stirring until fully dissolved. The resultant solution was .
mixed and analyzed for chlorine dioxide concentration using a Hach DR2010
UV/Visible spectrometer': (Hach Company, Loveland CO) following the procedure of
30 = Hach test method 8138. The concentration was 85 mg/liter.
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2007/ 100531PCT/ US2007/ 004288 26 EXAMPLE 3 Di fferent
concent r at wonso@foahosphat e and | auryl sul fate were added/ds@ooZ062zgzpm
chl orine di oxide solution and corrosizin potentials were neasured as
in Exanple 2. The data was fitted to a regression equation using a

| east squares nethod and 5 Figirre 2 shows the corrosion potentials
fromthat regression equation displayed as contour |lines on a graph
of the different concentrations of phosphate and lauryl sulfate in
the chlorine dioxide solution. According to Figure 2, lauryl sulfate
had Iittle beneficial effect (i.e., -no change in corrosion
potential), the surfactant, by itself, had little effect and
phosphat e al one increased corrosion pot éhble®l from about 0.6 to about
10 0.7 volts. Hmgesemt when the surfacfant Bedngonbi ped Dayipptime
phosphate therg Was nmuch greater posit|ydemetatare, *Chah t he sum of the
two i ndi vi dual | ®¢fheicrkerade{80%bedivmat i oh of "108D ppm | anyPveniektat e jand
1000 ppm phosphedleri®ncreased corrosionlpotential to pbout 1.2 voltis,
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the jar was sedi el GO hdinedrhibiihe Wel € mxed Dy gl Ting fgr 1 hour.
Tabl ets were PIBSREHolssH VARBEEPhotphatel [ACT Ng_Nain nal Ty 1 grain of
powder into a JRBECH anmetel T stainress stjeel di € 1and conpacting the
powder W th a {ALEFIGls se@idM akid selatdlS| Ng a [ydraulise press. A
tabl et wei ghing 1I.06 granms was placed info I.Titer of potable tap
water and allowed to react without stirring until fully dissol ved.
The resultant solution was mi xed and anal yzed for chlorine dioxide
concentration using a Hach DR2010 UVNi si bl e spectroneter (Hach
Conpany, Lovel and CO) follow ng the procedure of 30 Hach test method
8138. The cdficentration was 85 ng/liter. Table'6 Ingredient




Drying tenperature, C Drying tine Technical grade (80% sodium
chlorite 110 Overni ght Anhydrous nagnegi um sul fate 300 Overni ght
Anhydr ous sodi um di hydr ogen phosphate 180 - Overni ght NaDCCA di hydnte
130 Overni ght Anhydrous sodium acid sulfate 50 / 85 Overnight / 4 hr

10 28 CLAIMS What is claimed is: 1. A chlorine dioxide
formng m xture used to produce a colLamvge di oxide liquid m xture
conpri si ng: (a) a nmetal chlorite; (b) an acid source,

said netal chlorite and said acid source reacting to formchlorine

di oxi d@hatris sMaitned isand form sai d chl ori ne di oxi de m xture; and

(c) an effective anount of phosphate to reduce the corrosivity of
said chlorine dioxide liquid m xture, wherein if the acid source is
an aci d phokphai®int dexae fampiyosiplad wedn ptodbe aphbsiendiokide Bquddmixgire
sufficient..to react with said netal chlorite to formchlorine dioxide
and proViPiE"8ai d effective amount, wherein the nixture further

conpri ses gapamétaothanite; 2. The nlxture of claim1, wherein said acid

source 1s O(%pe?nrac}: souch Q%ﬁ e?al ckﬁoratg Iaugd 2ld a3 sgtﬁce reacting to form chlorine dioxide in

water and form said chlorine dioxide mixture; and

(¢) an effective amount of phosphate to reduce the corrosivity of said chlorine dioxide liquid
mixture, wherein if the acid source is an acid phosphate the acid phosphate must be present in amounts
sufficient to react with said metal chlorite to form chlorine dioxide and provide said effective amount,

wherein the mixture further comprises a surfactant.

2. The mixture of claim 1, wherein said acid source is other than phosphoric acid or salts

thereof.
3. The mixture of claim 2, wherein the acid source is NaHSO,.

4, The mixture of claim 1, wherein the phosphate is selected from the group consisting of

phosphate anions, complex phosphate anions, and phosphate containing organic esters.
5. The mixture of claim 1, wherein the phosphate is a phosphate anion.
6. The mixture of claim 1, wherein the phosphate is sodium dihydrogen phosphate.

7. The mixture of claim 1, wherein a weight ratio of phosphate to chlorine in said chlorine

dioxide liquid mixture is above 0.4.
8. The mixture of claim 1 further comprising a free halogen source.

9. The mixture of claim 1, wherein the chlorine dioxide forming mixture is in the form of a solid

body, the phosphate being present in said solid body at an amount of about 10-60 wt. %.



thereof 3. The m xture of claim2, wherein the acid source is NaHSO4.
4. The m xture of claima1, whereln t hgg phosphate is selected fromthe
group consisting of phosphate anions, conplex phosphat e ani ons, and
phosphat e contai ning organic esters. 5. The m xture of claim1,
wherein the phosphate is a phosphate anion. 6. The m xture of claim
1, wherei n toh@hghaphetotainmg, ﬁrﬁ)délﬂmedhlbﬂﬁh’ digede fohdsphainge is contained Within an
The mxtlure @f claimil i/n in a rati o of phosphate to

chl or i PEIOTYEe W&k iFeamriseq 4 eaﬁﬁ"b%rﬁl@’ﬁrf'ﬁair@em xture is above 0.4. 8. The

m xture of claiml1l further conprising a free hal ogen source.

9. The m xtuyre of, claim1 erein th rlned10|defrmn

v xture ] s MR el kiie St sunige S souia i Barhirmst et
in Sai Idetﬂ@bject vhddayllqﬂtd ramuﬁfmmrrpﬁ*nsmg clﬂhﬁi&tdlokﬂle aOwitkr. anan ef2&tive amount of 0.
The

chlorin ide formng mxtu
1o cortbifi Raefi? esmroli s P PR e oy S e S faderh 1 shirpely
by a mwtfacm{m. 11. A nethod of cleaning and sanitizing netal
obj ects conprising the step of contacting said netal object with a
liquid m xture conprising chlorine dioxide in water and an effective
anount of pilio”ﬁlpdmthaoctaf clagal UL evhistedn thoKquitbinikivrd/is ddrmiedh &oxhqiaqulhdjbddy Edritiging

option ree ha ogen source a surfac

15 TiRlost ot peng Rl o e e R PR s tibe SR Pishmea ¢ om
a solid body containing chlorine dioxide generatlng conponents, said
solid body i on nt al ni,n sal

rethod of o ghodgrER 72 MRl onRaaP e Bt dss insaiy ol t i g o
m Xt uraguess mmt@qaaxamsafscuﬂlsmdmdmiee@ar ate fromsaid solid body.

14. The method of claim 11, wherein the liquid mxture is formed by
chl ori ne di oxi de generating conponents that are disposed within an
encl osure tIHaThei reetiolimb clagie tll, athetedabe liquid pixture i yormedrentdiarive dickide generating
1 qui ‘110 Stelfs 1apnge g%m%w%ﬁiﬁ%n DY 12 ROS s ’a&nér%%d SNGLOR %5&?9{1&%.?592&? He
the ch I ne | oxi'de" generating conponent's T n an aqueous sol ution,

sai d plyosiphatie lemg\praeckdiby dspodngghetnobeaure catairaeg the sldparat«idgewonisg

phos pQ%&%on%ms % énoﬂluvaous solution, said phosphate provided in said enclosure or as a separate aqueous

phosphate solution.



