CHLORI NE DI OXI DE BASED CLEANER/ SANI TI ZER FI ELD OF THE
I NVENTI ON This invention relates to chlorine dioxide

W@ uposissi ons. I n particular, the invention rePEL/ES200T004288
a novel liquid chlorine dioxide m xture for cleaning
and sanitizing. BACKGROUND OF THE | NVENTI ON Chl ori ne
di oxide in |l ow concentrations (i.e. up to 1,000 ppm
has | ong been recogni zed as useful for the treatnent
of odors and m crobes, see U. S. Pat No. 6, 238, 643.
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the prior ar ocuse
2h| oofiaperator skill to avoid generating dangerously hlgh concentrations. These problems

have substantially limited the use of chlorine dioxide to large commercial
applicaﬁons, such as pulp and paper bleaching, water treatment, and poultry
processing, where the consumption of chlorine dioxide is sufficiently large to justify
the capital and operating costs of expensive e_quibment and skilled operators for on-
25  site manufacture. V )
Commercially, chlorine dioxide is prodﬁced from a variety of aqueous
solutions of certain chlorine-containing salts, as disclosed for example in U.S. Pat.
No. 5,009,875.
Attempts have also been made to produce chlorine dioxide using mixtures of
30 solid reagents. Generally, the prior art has focused on three systems for chlorine
dioxide production using solid reagents. One.system employs a solid mixture of a
metal chlorite and an acid in a liquid, aqueous environment. A second system
combines a metal chlorite and a solid acid where chlorine dioxide gas is released

under dry conditions. A third system employs the combination of a metal chlorite and



di oxi de production using solid reagents. One system
enploys a solid mxture of a netal chlorite and an
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ZHi Ofitabilized" chlorine dioxide solutions, and usually cpntam between about 100 ppm

and 5% of a mixed solution of chlorine dioxide and unconverted chlorite anion.
Because the acid concentration is relatively low at a pH of 8, the typical ratio of
chlorine dioxide to chlorite anion in a stabilized chlorine dioxide solution is less than
0.01. Therefore, for a given initial concentration of chlorite anion, stabilized chlorine
30 dioxide solutions are relatively weak antimicrobial agents due to their low conversion
of chlonte anion to chlorine dioxide. Also, smce the stabilized chlorine dioxide
solutlons are typically supplied at a concentration of less. than about 5% by weight
sodium chlorite, shipping and storage of the solution is relatively expensive due to the

high weight of water that must be transported with the sodium chlorite.



Because the acid concentration is relatively low at a
pH of 8, the typical ratio of chlorine dioxide to
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chl ori ne entration can be geherated in
suc hdiosidgisplytien ;;lggherpqqgtfrom cither a sodium chlorite solution or stabilized

chlorine dioxide solution using chlorine dioxide generation equipment at the point of

use. The generated solution typically has a ratio of chlorine dioxide to chlorite anion
30 of between about 10 and 25, and as a result such solutions are highly effective
antimicrobial agents. Since generated chlorine dioxide solution is typically used
shortly after generation, the relatively high decomposition rate of chlorine dioxide in
solution is unimportant. Also, since aqueous sodium chlorite is commercially

available at higher concentrations than are typically available in the form of stabilized



t he vapor pressure of gaseous chlorine dioxide in
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wo 20ga005Ther ef ore, manual acidification (i.e. RET/O82007/004288
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U.S. Pat. No. 2 071,094 dlscloses deodorizing compositions in the form of dry

briquettes compnsmg a dry mixture of a soluble chlorite, an acidifying agent, and a
filler of lower solubility. Generation of chlorine dioxide begins as the briquette
30 dissolves in water. This process is suitable for unskilled users, but still requires that
the resultant solution be produced at an acidic pH.
U.S. Pat. No. 2,482,891 discloses stable, solid, substantially anhydrous
compositions comprising alkaline chlorite salts and organic acid anhydrides which

release chlorine dioxide when contacted with water. The patent disclosure indicates
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These patents disclose solid bodies for preparing highly converted solutions of

chlorine dioxide when added to water. The solid body comprises a metal chlorite

such as sodium chlorite, an acid source such as sodium bisulfate and, optionally, a

source of free halogen such as the sodium salt of dichloroisocyanuric acid or a hydrate
30 thcreof )
‘ U.S. Pat. No. 6,238,643, also issued to the present assxgnee, dlscloses a
method of producing an aqueous solution of chlorine dioxide from the reaction of
chlorine dioxide .generating components. The chlorine dioxide generating components

are a metal chlorite and an acid forming component which do not react to préduce
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DETAILED DESCRIPTION OF THE INVENTION
The present invention is directed toward an improved cleaning and/or
sanitizing chlorine dioxide liquid mixture or solution comprising a phosphate (“liquid

mixture” or “solution”) and to a composition for forming the improved chlorine



wat er form ng the aqueous sol ution of chlorine
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metal chlorites and acid, whether solid or liquid, is
that the resultant conposition results in an acidic
solution that is corrosive to netals. Thus, a chlorine
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preferably above 4, and most preferably above 4.5.
The pH of the liquid‘mixture may result from the inherent conditions of

25  chlorine dioxide generation used to‘produce‘ the liquid mixture, or it may be the result
of pH adjustment after the generation of chlorine dioxide. For example, if the liquid ‘
mixture is produced by acidification of a sodium chlorite solution using phosphoric
acid to a pH of about 2 (the low pH necessary to achieve substantial conversion of
chlorite anion to chlorine dioxide), then alkali may be added to the pH 2 chlorine

30 dioxide solution to increase its pH to >2.5. Examples of suitable alkaline materials
are inorganic hydroxides, such as sodium hydroxide, magnesium hydroxide,
potassium hydroxide, and calcium hydroxide§ metal carbonates of strong bases, such
as sodium carbonate, and potassium carbonate; and a variety of other materials known

in the art to increase the pH of aqueous solutions. Preferred materials to increase the



when used repeatedly for shorter tines. Here, the

presence of the phosphate in the chlorine dioxide
w@edoatiorssl | nhi bits metal corrosion. In parti cuPEr/pS1008004288
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25 The aqueous solution(s) of the forming composition may include an aqueous

metal chlorite solution, an aqueous acid source, an aqueous phosphate solution, water
aione, water with additional ingredients including organic solvents such as
hydrocarbons, lower alcohols, aldehydes, ketéhes, etc. The particulate forming
composition ingredients used for forming the liquid mixture include particulate metal
30 chlorite, particulate acid, and particulate phdéphate. In a preferred method of forming
tﬁe liquid mixture, the particulate forming cbmposition ingredients used to produce
the liquid mixture will be disposed in a solid body. The solid body will comprise
particulate forming composition ingredients such as particulate metal chlorite,

particulate acid, and optionally particulate phosphate. The resultant liquid mixture



in the art to increase the pH of aqueous sol utions.

Preferred materials to increase thepH of an overly
wa@eooditeosBi qui d m xture conprising chlorine di oORCTHESHNT004288

phosphat e ani ons are those 9hich will buffer the pH at

a preferred | evel between about 2.5 and <12. For

exanpl e, sodium acid carbonate (NaHCCb) will buffer

the pH of the liquid m xture at about 8. Sodi um

citrate will buffer the pH at about 4.5.
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not limited to, water soluble solid acids such as boric acid, citric acid, tart_aric acid,

water soluble organic acid anhydrides such as maleic anhydride, and water soluble
acid salts such as calcium chloride, magnesium chloride, magneéium nitrate, lithium
30 chloride, magnesium sulfate, aluminum sulfate, sodium acid sulfate (NaHSOa,),
. sodium dihydrogen phosphate (N; aH,POy4), pétassium acid sulfate (KHS‘04),
' potassium dihydrogen phosphate (KH,PO,), and mixtures thereof. The most preferred

acid source is sodium acid sulfate (sodium bisulfate). Additional water soluble acid



conposition ingredients used for formng the liquid
m xture include particulate netal chlorite,
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preferred method of form ndg0the liquid mxture, the
particulate formng conposition ingredients used to
produce the liquid m xture will be disposed in a solid
body. The solid body will conprise particulate formng
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chl opély@hoxhiaeduailcw amites slkplaamibesalts and quatemary ammonium salts such
as alkyl dimethyl benzyl ammonium chloride_. Examples of non-ionic surfactants
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30 polydxyethylene fatty acid esters, polyoxyethylene alkyl amines, aqd a]kqul amines.

The amount of surfactant needed will depend upon the chlorine dioxide

concentration in the solution, the pH, the phosphate type and concentration, and other
factors. It is within the ability of one skilled in the art to determine an optimum and a

minimum necessary concentration. In some cases, combining surfactant with
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of preferred substantiallylwater sol uble acid sources
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br O”Q%H kQ&BQhﬂE%’ML&KQQ @;(Qﬁs@on, sintering, granulating and the like. The
preferred method of forming such solid bodies is by compression, also known as
tableting. For reasons of convenience, hereinafter references to tablets and tableting
shall be understood to be representative of solid bodies made by any method.

30 In producing the solid bodies, the metal chlorite comprises an alkali or
alkaline earth metal chlorite, preferably sodium chlorite, and most preferably
technical grade sodium chlorite comprising nominally 80% by weight sodium chlorite
and 20% by weight stabilizing salts such as sodium hydroxide, sodium carbonate,

sodium chloride, sodium nitrate and/or sodium sulfate. Suitable acid sources and
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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 upbn mény factors,
e.g., the particular combination of reagents in tixe tablet, the size of the tablet, the
shape of the tablet, the terﬁperature of the water, other chemicals dissolved in the
water, thé 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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phosphate is used as the adBd source, then excess acid

Is required to convert the netal chlorite into

chlorine dioxide and as well as to provide a separate
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29 Nandhbda prefarablylin fess thapabait d omh AMeemOo free chlorine or other free
halogen" uéed herein means that the concentration of free chlorine or otherv 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 preferably less than 1/4 tﬁe 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



Al t hough not wi shing to be bound by theoretical

considerations, it is believed that the very high
w@owveesson rate of chlorite anion to chl ori nepdi/ugi0de004288

resulting fromthe use of tihe tablets of the present

enbodi nent of the invention occur because the tablets

either contain or develop a pore structure. Such pore

structure facilitates the penetration of water

therein, thereby dissolving reagents into sol ution
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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 a weight basis.
Suitable surfactants component may be employed herein as well, such surfactants may
30 be cationic, anionic, or non-ionic. A
The tablets of the present embodiment of the invention may, if desired, contain
optional additional ingredients, that may be useful, for example, to assist 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.



the chlorine dioxide solution. For exanple, the pore

size and pore volune may be varied by varying the
w@aonovilelsel si ze of the powder used to prepare tPET/USIIDT004288

or by varying the conpactidhm force used to formthe

tabl et or by varying both the particle size and the

conpaction force. Larger particles of powder wll

general ly produce | arger pores and nore pores in the

tabl et. Increasing conpaction force will generally
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36 hin@harant A& Yesultant 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 are

protected from exposure to water (éither liquid or vapor). The tablets rapidly produce
a highly converted solution of free chlorine dioxide when immersed in water.

30 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



that normally required to form substantia
concentrations of free chlorine dioxide in solution
w@ poog/1905pH hi gher t han about 2) and | ower thanP€TESbi/004288
at whi ch chl ori nedi oxi de i d6known to di sproportionate
in solution (i.e., pH below about 12). Preferably, the
pH of the resultant solution is between about 4 and 9
to minimze the potential for corrosion of materials
with which the solution cones into contact. Mre
pr ef kit Sh1brite afion %f'echﬁsr E1REIKal &dhisrileldid:ade contpated 16 ehe fully

in the range of about 5-9, and nost preferably in the

r angioltfe i ’fotdeﬁc@edF‘B‘é"ﬁi ly the pHw Il be 7. In
certain Cpfgfrefetréd fotvulation &bt @it 8@6ALIEpé Of @AblRtEBAce comprises

chl ori ne_di oxi n.a solution that is
o't pRAGate Beret Sodbung Pt e Rev S Sl bt
Tiib| }ﬁrﬁcxmfte bh\@d@écﬁeﬂﬁﬁmmﬂemﬁﬂtpaﬂfculam pmospha&:n Aidditional

d t o, del d h, .
o uptroe et Fornlieeisnriy® B A fosyegsih Yt iie s prosen
sol ulbotb withinceamdtonsidehthowmblee ki mumdalmmuenttheatabanillslad( the
typi Ch %?ﬁ)thgg t\.ﬁg ?1056)59 r:?té@geoé llédf ex@erﬁﬁ%g‘% t;nglett h& particulate

pres thi's |nv tron 1's us

pr odpmreiecdul oy sweh d§ bagiogise clay may pptionally bo Iadriqdctﬁ ezﬁn further improve
u

1093 : gérii.é gle&*ﬂ:ﬁ{&mfﬁr&dﬁxc@ &qﬂéﬁgﬁ%mlé@ wé;ﬁmlmd in the tablets,

utio
wher teclags arsttapprshin theprres of the %@gfworkam' é‘l°§‘°b¥elftaﬁ"é’ into the bulk
pr esghiitigamoodi ment of this invention may be used for
t hat purpose. In_such cases, however, is preferred

that the HHih tablgts pishe firsh hpeJbe @?rg&lﬂ?tﬁ PN gsiesh ingredicnts are
di Oxmﬂéd%ﬁh tHel r@sﬁlltbﬁi posldervd akivtite it 2ompressel 4 tabtet die at a force

oXi rad her, t abo t 12 [ .2

C xiBciesp Aipdnes rprapvalvraE IPD SRRl s 1 Db 15,000 toin.
of t 'me regltaint @bletsnt sthble duting ierageoas, loxagasftheelbmd ayg Bwtected from
can | ead tg Corr

sol uffRgRure o water efdg, bth{da%rtvagor en ith e%hnm?er, the tablets

a fee
r eactapidly produggzabighlmomvertad solmprmfcfcm @blorleﬂ Fi@mde

hal ogen at-g 1&¥ Qf f:saJe &{asty%él %ﬁ%ﬁ? bro%idemré @ﬁﬁnenﬁ: Bénversion of

'presence O are atIV concentration of
20| ofllowtegniontte ehlomfe@omp seraprrectodahles pbhe firs tRe- It is believed

acce 12 :%vide 4 Sefvorabl
Bl S SR il TBSSID ke ot

| nvcARYIAmED: fr U sbloripe AP P E BACITE SLPRERoG) substantial

sol utkistidafof @Y Rhdtafts.di oxi de vvhere the ratio of the
concentration of. chl aori ne di oxj de |fﬁéesol ut.ion t

sum of t hEhlogne diexids dprmatiop in hielsof the sFFYY; Bee fod&‘"ce is believed
gkl okd &&uﬁéﬁb@tﬁntﬁzﬂlygﬁl&ﬁﬁ tHe fa\koaam@ersmnmanwm@morbamsof the low

:,]2' gg@ﬁ%}lﬁaég Fc'lmv yo%)h#%) %Egoturg arl'n'%\rx]/{)r sﬁx@l; ﬁ{e fiorsble Ix;rg Structure of

this framework appears to remain substarmally mtact 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 max1m1zes chlorite

30 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. Sinpe it is
believed that the reagents will only react at a practically useful rate under
concentrated conditions (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



even greater than the concentration of chlorine
di oxide in solution on a weight basis. Suitable
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such surfactants may be catltvoni c, anionic, or

non-ionic. The tablets of the present enbodi nent of

the invention may, if desired, contain optional

addi tional ingredients, that nay be useful, for

exanpl e, to assist in the tableting process, to
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as it swells. We have found that forming the low solubility porous framework, e.g.,

the calcium sulfate, calcium phbsphate, aluminum phosphate, etc., &ameworks in-situ
via chemical reaction is particularly advantageous and that the chlorine dioxide yield
30 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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further inprove the yield and rate of production of
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ingredients are m xed and tife resul tant powdered
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par tdnCHt deRhPOMME LS sagi um bi sul fate; particul ate
- powder ed cal ciu

m chl g and. i cul at o
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t abldy pvibﬂbemmdghmd Mmihbéﬂ erdestopigising promaturechiehiical interaction

d outsi taH,}f abl e In another alternative, the

ab| FONR 1'S R’gf FMhosphat e thus the phosphate must
be supplied external to the tablet . A particul ate
pOWd(gr ee(tjal (i’lr&\édl?rgg ﬁal&r%za%ﬁl"lte e T gpgllemglllt)i:ft%diment of

16 even rove tive y|e an rate

pr odTlos Iryentadn t he chl ori ne di oxi de. Wien utilized in
t he tabl efa%l t},ggnﬂoﬂys are trapped in the pores of the .
f ramewor K aare not released into the bul k sol ution, .
25 with tﬂmledls'ldyal chiqmical gompopgwse of thp abli ferruiation are dried prior
powdgred rROERHALEMhSuf bf edhtERpakat fsQ@reﬁﬁ@l«%&ﬁbﬂ into a plastic

powdered m xture is conpressed jn a tabl a
f or ceaks dn fthecfpk!wmlg&xmalea dermyplations 15 gt¥eR on P Yeighigpreent basis.

tabl ghe VIBW&h&ﬁlth/ altR ébmpoA&-cFhd@bled fBrmulatich is _Eﬁkfken to mix the

resultant tablets are stable durmg st or age, as

t he €omfosen's flasoyghly dbe eoptenisf ths HBLATP EmpEed gt e"}“ ‘Spgroprately
1£i t o4 dik (4. 0a O3-mtR Blainkter WiQN d GBRNSESE plingsaisailaced rethe die and

tabl t%e 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 area of the face
of the plunger in in.? is known (typically 0.206 in.2 fora 1 g tablet). The Fesulting
30 tablet is removed from the die and placed in a closed plastic vial until use (typically

within 10 minutes).

Tablet Performance:



rapi dly produce a highly converted solution of free
chl orine dioxide. Tablets of this second type

w@enenalsby provi de nore efficient conversi on OPCT/US2007/004288
chlorite anion to chlorinelfli oxi de conpared to tablets
of the first type. It is believed that this occurs
because the | ow solubility porous franmework provides a
favorabl e environnent for the chlorine dioxide form ng
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wel 1°
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 sodium chlorite, at least one
.30 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



sul fate ani ons such as nagnesium sul fate may al so be
used. Phosphate anion preferably is provided by use of
wa@eloahbs3phosphat e conpounds such as sodi um S PCT/US2007/004288
phosphat e, sodi um hydr ogen2phosphate, sodi um
di hydr ogen phosphate, the correspondi ng potassi um
phosphate salts, as well as other sol uble phosphate
salts. The silica alum na gel preferably is forned
fromthe reaction between sodiumsilicate and al um num
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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 stg:rilizing surfaces
or spaces. The present invention can further be used in wound dressings,

environmental cleanup, dental/oral care substances, germ killing material, tooth



of the granules is still large relative to the size of
the pores within the pore space of the granules, so
W0 b@7hesessary concentrated reacti on conditi ONBCEKRENT/004288
wi thin the pore space despi2te the breakdown of the
framework into granules. Typically, the franmework
former will be present in an anount 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 gl edm) Qﬂﬁ&g' ﬁ{?itﬁer&ﬁalqﬁﬁ(ndaﬁﬂs Qnohg a Whetétp Of sdek
tableting in der to mnimze prenaturé cheni cal
i nt eAppbications. am)ng the tablet ingredients. General
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f
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for _a
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a p_edxlcexs acigiwiy) halphip derpening mirgid s@aﬂ@frympnég@s The
Maxi mum gl GEnd ﬁg R R8s dMRorRES e ISR RSvE 000
pounds unless othérw se noted. This force on the
tabl et punch may be converted to pounds/in.2 if the
area of the face of the plunger in in.2 is known

(t ypEXAMRLEQL 206 in.2 for a 1 g tabl et) The resulting
tablet is removed fromthe dge an‘\wg '?led n.a, cl

d, .. '
Wi astic viablet formujatiqugwereyma éF.‘I"ifgl s helov 3'55?16 1 displays
Tabl gireBRafsg6r@@BRt ddikpdsédbdfd metal ghlarite sudhrasaodium chlorite, a

vol upetr flask ed.

e B DR e e B B e
[ m”reﬂioaﬁlﬁltg/beaﬁg ediube acié dulkaye mml@sp}mﬁcbeumosippeélhmeem

of a l}/ g%ha? C%rl‘ld E%)llqeq CLI?PJ)S%B Or g {rﬁbﬁ Ql\ﬁgxqté £h {5P&ld a hosphate is

unt i 7% e reaction depends,
2 p&sctlpsednnﬁ‘mieﬁabl et type and size. Typically the
reaction fn' ﬁ%ﬁz ul%%g&s Werd ﬁéﬁarécf us@ng]spgcﬁ'@mzs%ted lafhount of each

partial ly i nso
mgredncnt as follows: anhydrous sodium dlhydro gen phosphate (>99.0% NaH2PO4)
obtained from Sigma-Aldrich Chemical Co., of St. Louis, MO. was dried at 90

degrees C. It was subsequently determined that drying at 180 degrees C resulted in

25 improved stability of tablets prior to immersion in water. Other ingredients were
dried as described in US Patent 6,699,404. 'fhe desired amount of each 'ingredicnt
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

30 to the chlorine dioxide yield, chlorite anion (ClO2) yield, free oxidant content
presence of chlorine and pH level and is displayed in tables 2 and 4, respectively. The
resultant solutlons were analyzed by potassium iodide / sodium thlosulfate titration

following the method given in the "Standard Methods for the Exammatxon of Water



wariorned3i n order to m x the contents.

0.5 hr. if a1l g tablet
reaction is conplete,

is conpletely sol uble. Wen

the flask/container is shaken or

Then t hECT/US2007/004288

contents are anal yzed. Typi2gally, chlorine dioxide is

measured by UV-Vis spectronetry, using four

wavel engths (the average value is reported). Chlorite

and chlorine are nmeasured by titration of typically 25

m of chlorine dioxide solution using procedures

equiandlvesiteiatert NOBEEd. 01998, pdy. 452 ah®% 158, Sicaprdindt the titration was
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PR 1%

j odi de (Reagent Crystals) and 10 ml of a IN
sul furic acid (Mallinckrodt) were added

with stirring. The resulting Fablettion is titrated with
16. 1IN thi osul fate solution (Al drich Chem cal

Co.). The

endpoint is automatically determ ned by the Brinkmann
Ti t|rTablet $ Companent 1 Thi Gomepraipnti 21t| Canpoment X 0 | Campuhent ¢
t hg conce¢at NaCi@n of| B:aVaPCOXI daitNaHIO4 he | PaaHgPOsThe
pH|of the or¥gi nal dhl or%ne di gxi déssol uti on i% -
megslur ed ) u83Bg a pH |N.extrode i on t he28.00uti on
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12 15.00 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




body nust be imrersed in an aqueous phosphate sol ution
to produce the chlorinedi oxi de and phosphate liquid

woreoovaes3nf t he present

i nventi on.

Such aqueoUuBRCT/US2007/004288

phosphat e sol uti on may be phosphoric acid or sodium
di hydr ogen phosphate or by addi ng powdered phosphate

salt to water.

Configurations other than the solid
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the liquid m xture conprising chlorine dioxide and
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inm 6,238,643 and 1S .
Preparing the chlorine dioxide

ncor por at ed by

liquid mixture using the solid body or the nenbrane

device allows for the precise control

concentration, strength and

of the



rate of release of chlorine dioxide. Chlorine dioxide

has established uses in bleaching textiles and pulp in
woredorngpspaper, deodori zi ng, disinfecting, cleaPtTys2007/004288

sanitizing and sterilizing2surfaces or spaces. The

present invention can further

dr essi ngs,
subst ances,
conposi tions,
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dried as described in US Patent 6, 699,404. The desired
anount of each ingredient was wei ghed and the

wo pgradisent s were nmi xed and pressed i nto a tabPE@/PSENT004288
sol utions were prepared as2gescribed in the
above-referenced patent. The tablet formulations in
tables 1 and 3 were tested and data was conpiled as to
the chlorine dioxide yield, chlorite anion (ClQ2 )
yield, free oxidant content presence of chlorine and

pH llﬁ&fﬁli is displayed in tables 2 and 4,

respec |\I/’E‘E%. The resultant solutions were anal yzed by
pot assi uifoostistd sblugorti were preparsd by diseolving eairighnl .5 gram size tablet -
.ol lo?ﬁqerkgnﬂhgﬁm&hﬁq w1y, thient 81695404 th &d@tﬂﬁa@gﬁmm |

for e Exam nation o terand Wastewater”, 19t .
1995vatgsg o eactssolyginn 24058 ofsediapy biearhenata {QNaHGQuawpppdded. 379
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Al t RGNV Yecti AL NBRONRRA0R statnldds 8RENtbsticBugbis were used for every
effective anount to reduce the corrosivity of t
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improved when the amount of phosphate to chlorine species ratio rose above 0.4.

25
Table 5
Corrosion Potential
Weight Ratio Corrosion
Phosphate/Chlorine Potential
(Volts)
0.0 0.602
0.2 0.620
0.4 ) 0.638
0.6 0.645
0.8 0.670




A corrosion anal ysis was conducted using test coupons

of type 304 stainless steel obtained from Met al
w@2wphes3Co. , Munford, AL. The corrosiveness OPCEHHSI007/004288

solution was neasured by deééerm ning the

el ectrochem cal potential necessary to initiate

corrosion on each test coupon. The test coupons were

attached to a variable DC voltage supply and i mmersed

in the test solutions. A platinumelectrode was used .

for E{ggﬂg&, sel ectrode. The vol tage between the

el ectro egfsvvas slowy increased gntll t he agnset
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Kyl fehleringgliexidapeagentgtionin the Fﬁlt'l'ﬂ"oﬁeri’é{ 6‘?°d38° fe type an
sol Uédn@éhtﬁﬂgn @GR4 bfhet fdtoRN tERY dfaks! intlearn®@asiiecdbla® determine an
Exanple 2. The data was fitted to a r el gtgs%rg :
equa?R“é‘?P‘%%‘P%m&“P’éﬁ‘s‘lecgﬁ?HF%ceﬁgf WA S ¥ gure 2
shows the corrosion potentials fromthat regression

| ayed as contour lines on a graph of the
dlf?t#(gﬂfﬂéﬁzgcentratl ons of phosphate and | auryl
2l fate i Thbﬂétewh:l meparel Wingpovdersd ingrédients dyiasans shewp inglable 6.
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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 spectrometef (Hach Company, Loveland CO) following the procedure of
30 Hach test method 8138. The concentration was 85 mg/liter.



much greater positive effect than the sumof the two
i ndi vi dual effects. The conbi nati on of 1000 ppm | auryl
waioaes3and 1000 ppm phosphate increased corrpST/o82007/004288
potential to about 1.2 vol®%, which is close to the
corrosion potential of water. As stated above, the
anount of surfactant needed will|l depend upon the S
chlori ne di oxide concentration in the solution, the
pH, the phosphate type and concentration, and ot her
factors. One of skill in the art .could be able to
determ ne an optinmum and a m ni num necessary
concentration of surfactant. EXAMPLE 4 0 Tablets were
prepared usi ng powdered i ngredi,gRigs dried as shown in

Tab di ght's of] eachpgfihgd | NYr edDpihg fihie
shgwn inleTabI e 7 were conbi ned tdnipetdture/Figer %Tass j ar,

t N TR i erade86R) ddthurh "€ POWIEFS1yer e m xed yvemight
r-ol |l dmiitk or 1lhour. Tabl ets re pressed fregmthe
POWORAhydYouR nttighéu eiiedie] Ty [T gransed powder | rdwengight3
mm [OA ARk &s sadiamMdildRitogeh €€ [dI e andggonpacti ng Gvegnight
powWdsHos¥akd) @ force of 2000 |b 5 using a hydraulic
pr eS]aDEChadTh wei ghi ng 1. 0]6 grang3zovas. pl aced Owingight
| i t EAnkYdriRsa@um dciisuli@iee! and al boyesl {0 | eaDvemight /4 hr
W thout stirring until fullTy dissolved. The resultant
gol ution was m xed and anal yzadbfear chl ori ne di oxi de
con Jdant 0N Usi ng a Hach DR20J0 UV/iWeihhlgm .
specTtéhnrR B0 esdiukeilatty, Lovel and COsZ ol | ow nj t he
pr oCAARYRoRimdpnteh saigfé et hod |8138. The ' ,
C ONCARkyd@éUsBBdMARSdiBRIrdEdhiphbghatédbl e 7CLAIOVE What | s
cl a CaA 1. A chlorine dioxide form ngt m xture}used
t 0 PARKIESusBodmOIcid lfdie0X! de Tijqui d m x3re '
conprising. (a) a netal chlorite; (b) an acid saurce, -
said nmetal chlorite and said acid source reacting to

" formchlorine dioxide in water and form said chlorine
di oxi de m xture; and (c) an effective anount of
phosphate to reduce the corrosivity of said chlorine
hoxide liquid mxture, wherein if the acid source is
an aci d phosphate . the acid phosphate nust be present
in ampunts sufficient to react with said neta
chlorite to :




formchl orine dioxide and provide said effective
amount. 2. The mxture of claim1l1, wherein said acid
w@ouwraesss ot her than phosphoric acid or salt SPE€TTES®07/004288
3. The m xture of claim2, 2%herein the acid source is
sodiumacid sulfate. 4. The m xture of claim1,
wherei n the phosphate is selected fromthe group
consi sting of phosphate anions, conplex phosphate
ani ons, and phosphate contai ning organic esters. 5.
The m xture of claim1, whereincthgvghosphate is a.
phosphate anion. 6. The m xture of claim1, wherein
t he phosphate i s sodi um di hydrogen phosphate. 7. The
m Xtwha i9élamedin 1, wherein a weight ratio of

phosphate to chlorlne |n said chlorine diqxide )
m xture ils ApgEngdigxidgiornig W%?JP%Q(S? P@gg‘fﬁ,ﬁ ‘fﬂm%‘e oxide

f5urt1{q@{d;ﬁmelcsmpgsmgfree hal ogen source. 9. The

m xt ure cl al m further conprising a surfactant.

10. The )xat‘E}Fté ‘8% ofPiai m 1, wherein the chlorine

di oxi de f(b)”mnglmumuswd instal ¢hlérite ahdsaid adid sowed seacting to form

body 1038 dR a%erkasqgoq-g, aesc%%ne Yol dmamre meOdy

anou n out he "m Xture of )
cI al m 1, (vorméqutweh@n@m of phesphdtedriretuce gherporrgsivityefipaid chlorine

10S Qﬁ&&&é ngﬁd %&Q&eﬂwﬂeem@h]e%eomats dnsacmgﬂtﬁ%qhél&cxd

I east nbr ane . chlorine dioxid
liq mhesnhasqmv% be resenitdn srpounduEGiens tifeagt wigh said mﬁflab?hlonte to

and fgfin %ﬂlg)ﬁﬁé ?mtﬁlgaq}wpﬁovg% il te&ea%an%oamr efj|uc e the
corrosivi 0 e |iqui xture i ona
- hal ogen szoﬁT‘E mixfuee ‘Ifﬁfal"ﬂna{q‘?fe‘g Sﬁlﬁiraf’gjci"ﬁﬁf ! ‘éhe’f{\aé" p%'°SPh°“°
| i quicel erisiltaiheredf. cl ai m 12, wherei n t he phosphat eis
resent n f abqut 95%
| qui d mi&{_l'ﬁe guxt%lf o(}ﬂ?émlgr gﬂer&mﬁ,ﬁ cid eour e 19 Odil?!k‘l%gld sulfate.
wherei n th d‘hp ndstpteaifeldin lpwbereintthe nhtaphaemg@ebcteé\ fromnt the group

- 15% ¢ I8 lgé% hg?ﬁ“%f an l,gg %ompi%&:jbhg%&é an;[)tﬂg anli %H%sghate containing

m xtGre: ore ove 2.
12. 5qrg&606§f¢re liquid m xture of claim 12, haV| ng a pH

above 3. He tnhgu%fjcgaxé 1, Whereffh tﬂgﬁ;& hAL isG ;ﬁﬁﬁblﬁﬂa aAh.

saniti zi nﬁg ects conprising the step.o
0 The mixture of claim 1, wherein the phosphate is sodlum dihydrogen

phosphate.
7. The mixture of claim 1, wherein a weight ratio of phosphate to chlorine in
said chlorine dioxide liquid mixture is above A0.4.
8. The mixture of claim 1 further comprising a free halogen source.
25 | 9. The mixture of claim 1 further comprising a surfactant.
10. 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. %. .
11. The mixture of claim 1, wherein the chlorine dioxide forming mixture is
30 contained within an enclosure that is comprised at least in part by a membrane.
12. A chlorine dioxide liquid mixtur_e‘ comprising, chlorine dioxide in water
and an effective amount of phosphate to reduce the corrosivity of the liquid mixture,

optionally a free halogen source and optionally a surfactant.



contacting said netal object with the liquid m xture
of claim12. 18. The nethod of claim 17, wherein the
WO p@paitabsai xt ure is forned froma solid body coPCHEURSINT004288
chl ori ne di oxi de generati ng9conponents, said solid
body optionally containing said phosphate. 19. The
nmet hod of claim 18, wherein said phosphate is provided
in said liquid mxture as an agueous sol ution separate
fromsaid solid body. 20. The nethod of claim17,

wher ei n t3e Tk Giqufd Mixtd!bfclhit 10WiBHidMNe pRosPhatB S present ina

di oxi de generating conponents;that_are di sposed within
an eargeodapeutihkopm @ dnehpidinud mp&ast in part by a
menbr ane, 14t Re lidid infixtliodfela8m 18] WHersin ARkSHREPHAYe is present in a range

O b He S Sty ae g (e o e
$ai d phosphEheliquio viiciack dfitlatnild, RnigaspH sbave 2a5and below 12.5.
S epar ate l%g‘ll’ﬁg Hc?uig rr]nq)“:’tgga(}f%la?gl% lila%ﬂig a pH above 3.5 and below 12.5.
. 17. A method of cleaning and sanitizing metal objects comprising the step of
contacting said metal object with the liquid mixture of claim 12.
18. The method of ciaim 17, wherein the liquid mixture is formed from a solid
10  body containing chlorine dioxide generating components, said solid body optionally
containing said phosphate. .
. 19. The method of claim 18, wherein said phosphate is provided in said liquid
mixture as an aqueous solution separate from said solid body.
20. The method of claim 17, wherein the liqu.id_mixturc“is formed by chlorine
15 dioxide generating components that are disposed within an enclosure that is
comprised at least in part by a membrane,.the liquid mixture being produced by
disposing the enclosure containing the chlorine dioxide generating components in an
‘aqueous solution, said phosphate provided in said enclosure or as a separate aqueous
phosphate solution.
20



