WO 02/ 30203 PCT/ US01/ 30644 1 COVPOSI TI ON FOR GENERATI NG CHLORI NE DI OXI DE
RELATED APPLI CATI ONS This application is a continuation-in-part of ny prior
appl i cati gy 2802l No. 09/ 257,627 filed February 25, 199%9cantkonavgsy). S.
Patent 5 FIELD OF THE | NVENTI ON The invention finds applicability in fields
where chlorine dioxide is generally used and particularly in the fields of
di sinfection and odor treatnent, as well as, demand studies. BACKGROUND OF
THE | NVENTI ON The i nventor has been devel oping solid mx formul ations which
will allow for the 10 preparation of small quantities (normally one liter,
but the sanme m x has been used to prepare up to 300 gallons or nore) of an
aqueous chl ori ne di oyhg®) ' I Ebl e
concentrations of up®to aﬁ%?y%%?%%ggﬁgwd—& a |ﬁlg§d,fﬁfghe i nvent or
has devel oped a wet and dry formulation for purposes of enhanced use.
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and dry formulation for purposes of enhanced use.
Prior art patents
15 The chemistry for producing chlorine dioxide from dry components is well known and
has been the subject of at least two patents, U.S. No. 5,399,288 and U.S. No. 4,104,190.
Marzouk et al in U.S. Patent 5,399,288 teaches solid chlorine dioxide releasing

compositions involving the use of a triazinetrione.
Hartshorn in U.S. Patent 4.104,190 discloses a dry composition for releasing chlorine
20 dioxide containing dichloroisocyanurate as the chlorine réleasing compound.

Mason et al in U.S. Patent 4,547,381 discloses a dry composition for sustained,
controlled production of gaseous chlorine dioxide. No water is added to the dry composition to
produce the chlorine dioxide. Moreover, note that the composition of Mason et al requires a dry
inert diluent added to the active chlorine dioxide producing components. On the other hand,

25 applicant's formulation does not require an inert diluent added to the active ingredients.
Moreover, the inventor intends to use his composition in a manner distinct from Mason et al.
That is, the inventor intends to use his composition in water, Mason et al do not.
The prior art does not teach the chlorine dioxide releasing compositions yielding

solutions of predetermined concentration as taught by the herein disclosed invention.



WD 02/ 30203 PCT/ US01/ 30644 2 Chlorine dioxide is a powerful, selective

oxi dant which finds use as a drinking water disinfectant, in cooling tower
bi ol ogi calvac@bsal , as a paper pul p bl each, a disinfectantpdrngdoi/dbdas

veget abl e and poultry processing, for2oil well and water injection well
stimulation, in wastewater treatnent, as an al gaecide, and as an odor
control agent. Alnost all applications use gaseous 5 chlorine dioxide as a
di l ute aqueous solution, usually at or below 3,000 ppm This solution
cannot be supplied to the end user ready for use. Aside fromthe
unattractive econom cs of shipping a solution which is 99. 7% wat er,
shipnent is f H ; Ao b ! I; L I densed
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prepare chlorine dioxide and particularly for disinfecting drinking water.
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organic material present. The herein disclosed invention has for an object
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generators commercially available make 30 pounds per day of gaseous chlorine dioxide. This

invention allows the use of chlorine dioxide treatment in those situations where the product's
unique capabilities are attractive, but which are too small to justify installation and use of a
20 generator.
OBJECTS OF THIS INVENTION
The inventor expects there to be strong consumer interest in using non-toxic, inorganic
dry mix packets to prepare chlorine dioxide and particularly for disinfecting drinking water. The
inventor’s intent is that the composition be employed both for short term use, such as, for
25 preparing emergency drinking water, and for treating drinking water for daily consumption.
An important object of this invention is to provide a disinfecting composition without
there being organic material present.
The herein disclosed invention has for an object providing a convenient way to prepare
small quantities of chlorine dioxide which are safe for treating drinking water or for disinfecting

30 fruits and vegetables and like products.



30 fruits and vegetables and Iike products. WO 02/30203 PCT/ US01/ 30644 3
Anot her object of this invention is to produce a product which wll give
consi stewopy3bis for disinfecting drinking water and eBEBRTS@/I0g44p00r

qual ity drinking water which m ght bed3 available in enmergency situations. A
fu ther object of this invention is to produce a product which is non-toxic
when used 5 as directed. A major object of this invention is to produce a
dry m x formul ati on whi ch produces hypochl orous acid precursor on addition
of water to the dry m x and whi ch does not introduce objectionable organic
by-products. A still further object of this invention is to produce a

conbi nati on dmptlendbjeet ofithis invkOtipn 3du ptodvoé & Prodiact Wiick aflebivelcoaa sk adisand
can be sedd ,é#%Paccgr_ tely make |arge volume solutions of chlorine dioxide.
A criti éondipaiepting dinking atze Ard espesially peorigyaly seinkingovatervhipe might bef a
conponeqnt,.,;hi C I . ates hypochl orous acid on contact with water.
Th(rarpi nvgﬁ%llgpleﬁgsen{cfg%g o%()lg%%gﬁg'f ornmul ation suitable for the disinfection of
dri nki ng wat ey furtheeobjewof disinvaiitioans coplodictsa proted wiiclcio MBARGAE Siheh ukdd um
hypochl orite, sodium bisulfate and sodiumchlorite. The inventor has found
thgt whéhdiedek three solids in various guantities are added to a suitable

quantity of ] | 1. ] | ompl,et el y. W thji.n one.m nute, and
at the end o%@lﬁlﬁfog OBJtrBPt:(fﬁ%grl | ogﬁblﬁis\(}g%?ogdglﬁéerggfye@%%%]@ O%HV_?%HH% lﬁﬁef)xi de
as the hypodhidrbus vidibredigorSatsddait meTavras thirg ik n@MaKS dded SoStrofidei 1Y
in water, and so the gas bubbles generated agitate the m xture and speed up
r eact | oRbigotiensbleswRani¢ byrpeidugsnponent s. The rapidity of solution is
surprising. Th ther -gbjects. of. the present .i.nvention will| becone
apparent fr o-lr‘lr% Sgﬁffélgtg?rn%J%C? Ofﬁﬁéem?’%‘?[}o&/}f fggprg ECi % T li‘% Dy %‘?ﬁM YL mix

cd0j uncpicdictwhich chebeaEtlo 3RMspbieMand canhitusel tEadcinm&I AIRRE S O olhihe
conponents of this invention are exenplified in the T'descri p%l on and the
exanpl esoluenspifichlorigedignite. OF THE | NVENTI ON The dry ni x fornul ati on which
is the heart ,of .this jnvention.ncorporates |ithium. hypochlorite, .25-30
wei ght % L1 oAroitedlibar R s GRHoR i PR RSy S sy RSB Qb oranpwyich
NaHSO4; rapidly Geflératey hchibreR el Lidn@ict Woth WYl @Re inventor has developed a

formulation suitable for the disinfection of drinking water. The new formulation contains three

15 components: lithium hypochlorite, sodium bisulfate and sodium chlorite. The inventor has
found that when these three solids in various quantities are added to a suitable quantity of water,
the golids dissolve completely within one minute, and at the end of this brief period, have
generated as much chlorine dioxide as the mix will form. The system generates chlorine above
its solubility in water, and so the gas bubbles generated agitate the mixture and speed up reaction

20 and solution of components. The rapidity of solution is surprising.

These and other objects of the present invention will become apparent from a reading of
the following specification taken in conjunction with the enclosed drawing,.

The effective amounts of the components of this invention are exemplified in the
description and the examples. |

25 BRIEF SUMMARY OF THE INVENTION

' The dry mix formulation which is the heart of this invention incorporates lithium
hypochlorite, 25-30 weight % LiOCl; sodium hydrogen sulfate (synonym: sodium bisulfate),
NaHSO,; and 80% dry solid sodium chlorite, NaClO,.



WO 02/ 30203 PCT/ US01/ 30644 4 Regarding the LiOCl2 25-30 wt% the
conposition used in this invention is: COVONENT WI' % Li t hi um Hypochlorite
25-30 Sodd s ori de 36 5 Sodium Sul fate 13 Pot assi um BOTAU&e1€30644 Li t hi um
Chloride 4 Lithium Carbonate 2 Lithkdum Chlorate 2 10 Lithium Hydroxide 1
Water 7 The ingredients other than the |ithium hypochlorite were inert and
are not necessary to the performance of this invention. These inert
conponents could be substituted with other inert conpatible salts or the

| i ke as woul d be understood by those skilled in the art. A product 15

provi di ng the above formul ati on can be obtained from FMC Cor poration or

coul d be reafieggrdinfgcheliQ@ECE A5 wia ke adonpdsiibniused ethiarihventiog i80% dry sol i d
sodi um chl orite product I in the exanpl es of0 this invention is as
fol | ows: COVPONENT SPE@M 20 Sodi um chi¥BEi%e, wt % as NaClQR
77.5-82.5 Sodium Chl o ) NAC103 4 max,c_,g0di um Chl ori de, wt % as
NaCl 11-19 Sodi um I—|ydlri'g€t<ll e%ﬁ%ﬁ%@@mm 3 max.25 3godi um Car bonate, wt % as
Na2CO3 2 max. 25 Sodi uo&unt @hkeridet % as Na2SO4 36nax. Hydrogen Peroxi de,
wt % as H202 0.01 nmax. Water (hy difference), wt% 6 max. It is to be

under st ood that the naiSAdEE SUEE ngredient is tA8 Sodium Chlorite and the
ot her conponents are @gﬁséiﬁr%lfa&ereto and are6deerred to be inert. These
inert ingredients are no

Lithium Chloride 4
Lithium Carbonate 2
Lithium Chlorate 2
10 Lithium Hydroxide 1
Water 7

The ingredients other than the lithium hypochlorite were inert and are not necessary to
the performance of this invention. These inert components could be substituted with other inert
compatible salts or the like as would be understood by those skilled in the art. A product

15 providing the above formulation can be obtained from FMC Corporation or could be readily
formulated by those skilled in the art.

The 80% dry solid sodium chlorite product employed in the examples of this invention is

as follows:
COMPONENT SPECIFICATIONS
20 Sodium Chlorite, wt% as NaClO, 77.5-82.5
Sodium Chlorate, wt% as NaClO, 4 max.
Sodium Chloride, wt% as NaCl 11-19
Sodium Hydroxide, wt% as NaOH 3 max.
Sodium Carbonate, wt% as Na,CO, 2 max.
25 Sodium Sulfate, wt% as Na,SO, 3 max.
Hydrogen Peroxide, wt% as H,0, 0.01 max.
Water (by difference), wt% 6 max.

It is to be understood that the main active ingredient is the Sodium Chlorite and the other
components are ancillary thereto and are deemed to be inert. These inert ingredients are not
30 esSential to the invention and could be replaced by other like inert ingredients as readily
understood by those skilled in the art.
In its preferred embodiment, the lithium hypochlorite and sodium bisulfate are packaged

together in one pouch or container, and the sodium chlorite is packed separately in another



30 essential to the invention and could be replaced by other |ike inert
ingredients as readily wunderstood by those skilled in the art. Inits

pref erredvenbsdozrent, the |ithiumhypochlorite and sodi unroi/weéiimte are
packaged together in one pouch or cohtainer, and the sodiumchlorite is
packed separately in another WO 02/ 30203 PCT/US01/ 30644 5 pouch or

contai ner which may or may not be connected. This two-packet system has two
pur poses; one is to inprove storage stability, especially under conditions
of elevated tenperature. The other purpose is to allow the conmponents to
be m xed in a prescribed manner to ensure a specific known, final

concent patdhoor cofitafyen evhidleday bt mey net i coxheteed. Als FE-padkackstenbhdsa@ibai ni ng a
stable m x of all, three conponents _is al so Possible, but this single packet
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nié has been. devised which rapidly generates chlorine dioxide en added to
10°wat eFONFRINgH Sablp mix of plbifreheorgranenta s dsp pIssible huithisgirgle packeuhustdeeous

chlorin i i i LCt rati o e us for the

G1si nt oTHELe | BuerdhuE SRLAPICT CRREDN B 2SPEDS SRRM e Bhpbetfam: rent
of cool Thiy sipiensx hiy LakMeNdisafvanigt 6BdenvRihe clABEnOdibRIdeFrShiftRS iaPN, and
nost espe0|ajg%llndustr|al applications, which are too small to justify the

i nst al | daprgaictpleconsentitionsash Briden ofsmeintensin thensethpd of miking ¥cedig.uded f or

smal | scal e Qdog. trol. 15 Pr rl.y formul ated, .the three c 0

o e € RS b B PR Mol e S SRS b e
ati0a comaesn! Tht niLQ wall allblakd Sfhethition ol e khdwN\ahRfitP 8t Ao @SchlorteRitRide f a
concentration of about 100 ppm woul d be operative for use as a deodorant.
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shown in Fig. 1, the formulations were o e sane anmounts differing only
in the fdlprbeldiorideigenergtorPahe mit carnalsabe usefl fortsnsall eelermdpoepntiokol ves t he
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disinfect fruits and vegetables at a concentration of chlorine dioxide in water as low as 1-2 ppm.
A concentration of about 100 ppm would be operative for use as a deodorant.
The separated two-pack products of this invention have been found to be thermally stable
in tests performed at a temperature of above 140° F.
20 Description of Drawing
With reference to Fig. 1, a diagram shows variation of C10, yieid depending upon the
method of mixing. In all of the tests shown in Fig. 1, the formulations were of the same
amounts differing only in the method of mixing.
Part of the art of this invention involves the manner of mixing the components. As the
25 attached chart (Fig. 1) shows, different types of mixes containing the exact same quantities of
each of the components will give chlorine dioxide solutions of differing concentrations
depending on how the components are mixed with water. It is an intent of this invention to
formulate a product which allows a user in the field to prepare a solution of chlorine dioxide of
known and desired concentration predictably and reliably, so that a dosage rate can be selected

30 and the chlorine dioxide applied without the need for chlorine dioxide assay.



each of the conponents will give chlorine dioxide solutions of differing
concentrations depending on how the conponents are mxed with water. It is
an i ntentwefo23023 i nvention to fornulate a product whi ch pdthys/3664s€r i n
the field to prepare a solution of chilgorine di oxi de of known and desired
concentration predictably and reliably, so that a dosage rate can be

sel ected 30 and the chlorine dioxide applied wthout the need for chlorine
di oxi de assay. WO 02/ 30203 PCT/ US01/ 30644 6 In one enbodi nent of the
invention, the inventor intends to provi de packages of the disinfectant
formul ations in water soluble packets for ease of use. In that way, iInstead

of having taneapembbiiendn® bt @B isvedfiod ARk &ltor 1ﬁte\‘l@§ & ro{uﬁ@ p& géseoﬁﬁ%um €
packet and/or packets and their contents can be placed in"wat

t r eat ed.dignfzetant fopmulations mmimqlu@tmmckas firxcateas useeh thetwae dsidad off having

reliabl ne liter m chl i oxi.de when the conponents
are com%?% %'vﬁ%P FOTSI Ipffarl?ag{g nﬁﬁerﬁ?&‘bqe RSt FpdfornecketsanddBeiri n
packs c%h@ﬁtswanﬁg?la\é@agfwg{@pﬁ%@agda Chlorite Packet: Activator Packet
cont ai ns: Li QCl 30 weight %: 6.12g and 1.0 NaHSO4 7.7g Chlorite

Padket cont aidssa ma@% Qﬂ&@mmnerﬁe BomiAi las bed:reddwsad:wvmddcm]rrehﬂﬁﬁgﬁe ont hieer of

bal ance the oduc i redi ent n.the Activataor Packet
and the %hp Bant ?—5 ?Xla?‘ &’[ﬂﬁ‘? ﬂ‘ﬁé?PWO %ﬂef’ﬁmgmleﬁt“éﬂl Waterigragpecified

subst anthanks, 131999119%9%@@ hplsacﬁ@cﬂre%hg\%u%tb{ Q%Epgrmfliygﬁ@gg m?&fmo“e“t

rati os based on chlorite are approxinmate I ght
percent) Li GCtivatbr Gackep SerBainmei ghOQb&SCE(hW)alght\Hb’SMZg 1.38 It should be
understood that the invention is not linited to conmpositions which generate
20 only one liter of solution, but caﬁln e adjusted to produce any vol une

| egs than or nmore than one literng Ie t ez actual wei ght of each
conponent vm || be apportioned depending on 't i ntended volunme of final

chl ori te conupdiedsRke GoRRE Do St ShElEnd Br  ty of chi orine di oxi de. It
shoul d also be. under st ood t hat the sel ection of a chlorine dioxide
concent r at i onV#h the LiOCI and the NaClO,, the balance of the product is an inert ingredient.
When the Activator Packet and the Chlorite Packet are properly added to a liter of water,
substantially 3000 ppm of chlorine dioxide will be produced.
15 Component ratios based on chlorite are approximately:
NaClo,=1.0 (80 weight percent)
LiOCl=1.09 (25-30 weight percent)
NaHSO,=1.38
It should be understood that the invention is not limited to compositions which generate
20 only one liter of solution, but can be adjusted to produce any volume less than or more than one
liter. While the actual weight of each component will be apportioned depending on the intended
volume of final solution, the ratio of components must be maintained to ensure efficient chlorite
conversion and the best yield and purity of chlorine dioxide.
It should also be understood that the selection of a chlorine dioxide concentration of
25 3,000 ppm is arbitrary, and that solutions substantially below and above this concentration are
possible. Solutions in excess of 5,000 ppm have been prepared with properly formulated
mixtures of components. Generation of very dilute solutions (1-100 ppm) is possible by using
appropriately scaled quantities of each of the reactants, however, to ensure rapid, complete and
accurate chlorite conversion, it is preferred that a more concentrated solution be prepared and

30 subsequently diluted to the desired concentration.



25 3,000 ppmis arbitrary, and that solutions substantially bel ow and above
this concentration are possible. Solutions in excess of 5,000 ppm have

been prepaicad/zordsh properly fornmulated m xtures of conpongiatssol/Beagr ati on
of very dilute solutions (1-100 ppnm i7s possible by using appropriately

scal ed quantities of each of the reactants, however, to ensure rapid,
conplete and accurate chlorite conversion, it is preferred that a nore
concentrated solution be prepared and 30 subsequently diluted to the
desired concentration. WO 02/30203 PCT/USO01/30644 7 It is to be understood
that if an exact final concentration of chlorine dioxide is not required,

l'i thium hy poqhisq6 lbé and@gdb&lmabiﬁﬁle&a?&tﬁn@f&n@&ﬂfa%h thlﬂbhﬁ@dlbsaldé vﬁﬁ&ant i al
anounts as tau by this invention can be used The user
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avai | ablpeotbuy supplistebs therpratod dohdreo gme hlghaﬁalﬂs od clilbeiny dekidleof chl orine
di xide. |If directions as_to _how t onponents are m xed or agitated are
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namel y, that of producing a chlorine Groxidé sotuton
concent rcatbionred with activator, either by adding both packets of the two packet system, or by adding
the single packet of the one packet system, a competitive reaction between hypochlorite anion
and chlorite anion occurs which converts some of the chlorite to inert chlorate, reducing the
20 quantity of chlorite available for conversion and, thereby, reducing the yield of chlorine dioxide.
If directions as to how the components are mixed or agitated are not followed, a chlorine dioxide
solution of unpredictable concentration is prepared, robbing the invention of an important part of
its value, namely, that of producing a chlorine dioxide solution of predictable concentration,
eliminating the need for field assay prior to use and allowing the end user to apply chorine
25 dioxide at the correct dosage rate intended.

As referred to earlier, in addition to the two-packet system, all three components can also
be combined into a stable mix in a single packet. This mix is somewhat more thermally
sensitive than the two-packet system, but nevertheless is stable if kept below 140° F. On
addition of this one pack formulation embodiment to water, it is impossible to avoid the

30 competitive reaction between hypochlorite anion and chlorite anion which generates chlorate

and depletes chlorite. When using the one pack formulation, it is necessary to adjust the



elimnating the need for field assay prior to use and allowi ng the end user
to apply chorine 25 dioxide at the correct dosage rate intended. As
referredwooramnbi er, in addition to the two-packet systenPCHUBIII6HE
conponents can also be conbined into8a stable mx in a single packet. This
mx is sonewhat nore thermally sensitive than the two-packet system but
nevertheless is stable if kept below 140 F. On addition of this one pack
formul ati on enbodi ment to water, it is inpossible to avoid the 30
conpetitive reaction between hypochlorite anion and chlorite anion which
generates chlorate and depletes chlorite. Wen using the one pack

f or nul aguantities tind satioe o€ drabynpbaerasiouslont foe o BRI RARPIE: RATHISRE 13954 8
quantities and ratios of the conponents to allow for sonme hypochlorite and
chl or i t &ompeRrent gpantitics apchretiag fog ihmencnasketdprnylatianagesf or t he one packet

formul ation are: ki - Lght % 6,16 g NaHSO4: 7.7 g 5 NaClO2 (80
wei ght %: 6.33 gILI %E?gtég%e\é\%ﬁhtésed 6616&“ orite are: NaC Q2 = 1.0 LiCC =
0.97 NaHS04 = 1. YWl e éh)l S Si ngﬁegpacket system of fers i nproved
conveni ence over Weight ) 'syst &3 8§t is not the preferred

embodi mMaRt bRl BRSd ﬁﬂgﬁlio%i-recargi rections are followed, the manner of m xing
the solids into water w vary with the user. This variation will affect

how t he solid colatii@®nt4.(are juxtaposed and agitated in the suspension
bef ore dissol vi nglLiobeseyy allowng a variable reaction between the
hypochl orite ani omnaayb theoghlorite anion, and thereby affecting 15 the
course, of both the conpetitive and desired reactions. Because of the

gt on ana VHERS el pRREER G o intforra BEveRGhEIEr Ieuh Pafhr or | ne.
di oxi de spsdril it @hdptiRNFEREed EMBoGRRND ATNIREY fheefic Wktfonk hredfolIOWEd, thE RRARAL | ON

of satisfactory and usable chorine dioxide solutions, is not preferred for
appl i ca©f Bysing i sotids e water avild yaryowith thelusery dhhis Yeziatibh vill affed howi tHe selob age.

R T R A N S T TR
ratios shagatRXRAGHE®MbdRedt @b dypddnsiitt ¥fion and the chlorite anion, and thereby affecting

15 the course of both the competitive and desired reactions. Because of the unpredictable degree to
which chlorite will participate in the competitive reaction and the consequent effect on the final
concentration of chlorine dioxide solution prepared, the one bag method, while it allows
preparation of satisfactory and usable chorine dioxide solutions, is not preferred for applications
which require close control over the chlorine dioxide dosage.

20 In the invention herein disclosed in many instances precise amounts and ratios have been
set forth, however some variances of the amounts and ratios are expected to yield effective
results as readily understood by those skilled in the art.

Lithium hypochlorite has advantages over calcium hypochlorite. For example, calcium
hypochlorite dissolves too slowly to serve as a source of a significant quantity of hypochlorous

25 acid, and has an objectionably strong chlorine odor (lithium hypochlorite has comparatively little
chlorine odor) and when used with NaHSO, calcium hypochlorite forms solid calcium sulfate
precipitate, resulting in low yields of chlorine dioxide with significant amounts of calcium
sulfate solids impurity.

In its broadest sense, the herein disclosed invention embodies a product capable of being

30 used for disinfection and/or oxidation comprising effective amounts of lithium hypochlorite,

sodium bisulfate and sodium chlorite. Ideally, the lithium hypochlorite and sodium bisulfate are



results as readily understood by those skilled in the art. Lithium
hypochl ori te has advantages over cal cium hypochlorite. For exanple, cal cium
hypochl orwo e2/sli2850l ves too slowy to serve as a source of paresgriobiscant
gquantity of hypochlorous 25 acid, and has an objectionably strong chlorine
odor (lithium hypochlorite has conparatively little chlorine odor) and when
used with NaHSO4 cal ci um hypochlorite fornms solid calciumsulfate
precipitate, resulting in |ow yields of chlorine dioxide with significant
anounts of calcium sulfate solids inpurity. In its broadest sense, the
herei n di scl osed invention enbodi es a product capable of being 30 used for
di si nf epbckageditogéiber and thatodinmehhnité Bipagkagbd elohe.vEhapidaétds Ofpplied i the
hypochl ori.te, . so iun%ﬁksul %te,and_sodiun1chlorite. | deal Iy, the |ithium
hypochl BrF4egesinGubttzRyY thesipllowing e Wo 02/ 30203 PCT/ US01/ 30644 9
packaged toget her \ggqothg sodium chlorite is packaged al one. The product is
supplied in the packages in substantially the following ratio: ‘NaClO2 =1.0
Li OC1= 1.09 5 NaHBEM@®CEZ%.13® These rati os are of substantial anmpbunts and can
be varied as understood by those skilled in the art. There is disclosed a
method for prepar%ﬁ@%91— #Pve chlorine dioxi de di sinfecting solution

a
el i | vi 7 " Act i P Caini Youl
and NariS0s | 1Py S ept B nRMRALY il iR b Thi TR0 SR04 BY g st
Chl orit én fAeakt. contai ning NaClQ2 to said water containing therein the

di ssol ved contents of the Activator Pack. The active ingredients can be
packaged in tlheweds fisglosedrmethed dpprepmsing haretive chlesinestieids disimfiedting solution

envi sio . i sjinfecti urf desi.red .t e i sLafect ed
conpri raPasae dRseiolng Hebah G} b Apflles el BRI O ng RBb B EE VB ea
t dowat eend thth shovtigdiirbafen rafidlyialiging itk VigeAiedcR somaniteNsi1®), i 54 fdier OF
wast e wat er  can be deodori zed by the disclosed active ingredients added to

wat er . Ppitainimedhersin the disselied erudents of thekstivaiprRasknent s to his chlorine
di oxi de prodygin el ggg%h&% nﬁgpggﬁ'ga'ﬁﬂﬁ%ﬁﬁﬁﬁﬁ§ﬁ?% ts made by the

inventor_ist e fornu I on osition. This
formul ati on Was hefetvdietlodtin@dnti6n BAALONS MethoeP R UMRTEctBs a surface desired to be

disinfected comprising applying to said surface the disclosed active ingredients added to water.

15 In addition, fruits and vegetables can be disinfected, or waste water can be deodorized by the
disclosed active ingredients added to water.
The inventor has continued to make improvements to his chlorine dioxide producing
compositions. One of the improvements made by the inventor is the formulation of a "Dry and
Wet Mix" composition. This formulation was created out of concern for Department of
20 Transportation (DOT) regulations as well as NFPA and local fire code regulations limiting the
storage of 80% dry sodium chlorite.
While the all dry-mix formulation is an effective disinfectant, it presents a shipping
problem. Thatis, the DOT regulations forbid air shipment of dry chlorite along with a
corrosive.
25 Dry chlorite is classified as a 5.1 oxidizer.
While the lithium hypochlorite contained in the activator packet is also classed as a 5.1
oxidizer, it can be packaged together with sodium bisulfate, which is classed as a corrosive,
because the mixture has been determined to be corrosive solid, acidic, inorganic, N.O.S. 8,
UN3260, packaging group 2 [contains metallic salts].
30 With the activator classed as a corrosive, and the dry chlorite classed as a 5.1 oxidizer,

the DOT forbids shipment by air as a dual packet. If shipment by air is desired, the chlorite



20 Transportation (DOT) regulations as well as NFPA and | ocal fire code
regulations limting the storage of 80%dry sodiumchlorite. While the all
dry-m x fvoonub@bi on is an effective disinfectant, it prespar/@sa/®ki4ppi ng
problem That is, the DOT regul ati ondoforbid air shipnent of dry chlorite
along with a corrosive. 25 Dry chlorite is classified as a 5.1 oxidizer.
While the lithium hypochlorite contained in the activator packet is also
classed as a 5.1 oxidizer, it can be packaged together w th sodium

bi sul fate, which is classed as a corrosive, because the m xture has been
determ ned to be corrosive solid, acidic, inorganic, NNOS. 8, UN3260,

packagi ogidjzeoapd Gorfabrtaatingonmuelbeipaciegbd sdparadly Mhécdn R sgiped ah@he Snassed
as a corrosive, and the dry chlorite classed as a 5.1 oxidizer, the DOT
f or bi ds PEREHE R sepyratg POddApproygd pagkaesset . 1 f shipment by air is desired,

the chlorite . xl dhzer .apnd corrosive

act i vator midlehe s anute S A s A LR PR SRR Sanlre
pl ane, bxygenwiselpar tht evéXObf GpntoalficPR6 Kiagesbe ekposhazar dous nature of
sodiumchlorite is due toits ability in the dry state to supply oxygen

whPch in t hePackegingshy chlodtepascatsisgedralimeblemse or be expl osive. 5 Packagi ng

dry chloritepr t e v 1. rtain t S.. nuf act ur ed
chlorite ar elf I%%gg&g%f%%ﬁéﬁa%h&% &ﬂ‘l‘;rétﬁlafe %68;&?@ aﬁﬁﬁ& %Ei‘i‘i}ﬁ%?aa Easure
for propesuraelly ghdasiveddr sfop@end singyiehalidpefdianirhll §Sentiles. SOMe geogr aphi ¢

| ocations have a severe restriction on the physical quantity of dry
chlorite al | dwSemegepgraphicdocationshaye apseveantestrigiion oh theaphysicakquantief drhus,
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dilepensothdbé paftagrekathd¥hd ukbese problens are imediately renedied if we
substitute 25% aqueous sodiumchlorite for the dry chlorite. For exanple:

15 1. Li qui d3- &4 chlerigh is perysiodrescenie andiopds ®, papk.gnaddeppidifificylt tedisgerisonger a
probl em m:fn La{cﬂﬁ'iig chlorite is classified by the DOT as a corrosive, so the
5.1 oxi gl 767 P siig.

These problems are immediately remedied if we substitute 25% aqueous sodium chlorite
for the dry chlorite. For example:

15 1. Liquids can be dispensed accurately.

2. Hygroscopicity is no longer a problem.

3. Liquid chlorite is classified by the DOT as a corrosive, so the 5.1 oxidizer
classification is no longer applied.

4. A corrosive can be shipped with a corrosive, meaning the shipping options are

20 broader and less complicated, especially for air cargo.

5. Fire codes no longer limit the allowed chlorite on site.

6. From a preparation point of view, the system is less sensitive to sequence-of-mixing
variations, improving the probability that the expected concentration will be accurately prepared.

These advantages are significant, and the "wet and dry" formulation may completely

25 replace dry formulation for all but some specialized applications.

Another consideration of this invention deals with component ratios and how they are
altered to accomplish the predictable preparation of large volumes of dilute chlorine dioxide
solutions, as opposed to a small volume of concentrated chlorine dioxide.

In the past, if it was desired to prepare a multi-gallon volume of chlorine dioxide at some

30 concentration significantly less than 3,000 ppm (which the formulation our application is

designed to prepare), then it was necessary to first dilute a one liter volume of 3,000 ppm to the



classification is no |longer applied. 4. A corrosive can be shipped with a
corrosive, neaning the shipping options are 20 broader and | ess
conplicata@oxspgcially for air cargo. 5. Fire codes no | graansoisegsli t he
allowed chlorite on site. 6. Froma pteparation point of view, the system
is less sensitive to sequence-of-m xing variations, inproving the
probability that the expected concentration will be accurately prepared.
These advantages are significant, and the "wet and dry" formul ati on may
conpletely 25 replace dry formulation for all but sone specialized
applications. Another consideration of this invention deals with conponent
ratios aRsirddoVotgiRY oPS® prth, & Vatdver ﬁﬁ&lﬁmﬁ@qﬁh% gfbp@f SHbGL? hﬁut%r?&?{eﬁt 1oN
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of . chl ori ne di oxide at sone 30
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t hem di chbring diaxide teek plagt. gal | ons of water (instead of a liter) to prepare
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sol ution of any desired concentration prepared, in a single step, in a
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bi sul f atn%rlﬂél%ée& Yor the §].illcziﬁ-q10IL1911éT§i,b66 [.%IH bgu!aﬁes[ %[ein?he quantity of bisulfate added is

too small to overcome the buffering capacity of the dilution water in the large scale batch, and

¢

the pH will not move sufficiently into the acid range. What is needed is significantly more
bisulfate to drop the pH of the solution into the acid range, because the lithium
20 hypochlorite/chlorite conversion to chlorine dioxide will not take place properly unless the
solution is acidic.
Accordingly, large batches of dilute chlorine dioxide of predictable concentration can be
prepared by maintaining the lithium hypochlorite/chlorite ratio the same as used for the 3,000
ppm preparations, and sizing this ratio to produce the final desired concentration, while
25 significantly increasing the quantity of sodium bisulfate used so that the pH of the final mix is in
the 3-5 range.
Examples of Wet-Dry mix:



normal Iy used for the small-volunme 3,000 ppm batches, then the quantity of
bi sulfate added is too small to overcone the buffering capacity of the

di lution wag®@r302g3 the | arge scale batch, and the pH w || pratyde86s44
sufficiently into the acid range. Wai2is needed is significantly nore
bisulfate to drop the pH of the solution into the acid range, because the
lithium 20 hypochlorite/chlorite conversion to chlorine dioxide will not
take place properly unless the solution is acidic. Accordingly, |arge

bat ches of dilute chlorine dioxide of predictable concentration can be
prepared by maintaining the lithiumhypochlorite/chlorite ratio the sanme as
used for the Bkagi}fle APPM preparations, and sizing this ratio to produce the
final desired concentration, while 25 significantly increasing the quantity
of sodi um bi SubYide & seperiteseontdinds t he pH of the final mix is in the 3-5
range. Exanpl es ofggﬁt EXg m x: WD 02/ 30203 PCT/ US01/ 30644 12 Exanple A
Provi de i n separ at ners Container 1 4 gns Sodium bisulfate and 5

1.14 gns Lithi um hypochhgpistdfue ¥surieahdi n 2 3.36 m of 25% aqueous
sodiumchlorite Wien the contents of container 1 and container 2 are added

toSa gallon of water, thtygms Lithivor bchocklofi&0(2p%n of chl ori ne di oxi de at pH
3.5. 10 Exanple B ffr(%w ge in separate containers Container 1 40.0 gns
sodi um bi sul fate 4 gns | ithium hypochlorite (25% 15 Container 2

33.6 m of 25@6aqueousgﬁgghygfgy%g%hé Gh&%ﬁnEQ”te”ts of container 1 and
container 2 are added to a gallon wat er ey wll

When the contents of container 1 and container 2 are added to a gallon of water, they will
produce 150 ppm of chlorine dioxide at pH 3.5.
10 Example B
Provide in separate containers
Container 1
40.0 gms sodium bisulfate and
11.4 gms lithium hypochlorite (25%)
15 Container 2
33.6 ml of 25% aqueous sodium chlorite
When the contents of container 1 and container 2 are added to a gallon of water, they will
produce 300 ppm of chlorine dioxide at a pH of 3.8.
Example C
20 In making dilute solutions of 150 to 300 ppm of chorine dioxide per gallon of
water, a "wet and dry" formulation comprising an activator mix of 4 grams of
sodium bisulfate and 1.14 grams of lithium hypochlorite (25%) are first dissolved
completely per gallon of water. When fully dissolved, 3.36 ml of 25% aqueous
sodium chlorite solution is added per gallon of water. After completely mixing,
25 the chlorine dioxide céncentration was 150 ppm, and the pH of the solution was
3.5. Doubling the quantities of reactants used to make the 150 ppm solution
results in the production of a 300 ppm solution of chlorine dioxide.
Example D
To make 5 gallons of solution containing 300 ppm of chlorine dioxide, a mix of
30 40.0 grams of sodium bisulfate and 11.4 grams of lithium hypochlorite (25%) are

fully dissolved in 5 gallons of water. A 33.6 ml volume of 25% aqueous sodium



produce 300 ppm of chlorine dioxide at a pH of 3.8. Exanple C 20 In making
dilute solutions of 150 to 300 ppm of chorine di oxide per gallon of water,
a "wet amwiodr/g0203 ormul ation conprising an activator m x 0oPCHWUge13ws440f

sodi um bi sul fate and 1. 14 granms of |iB8hi um hypochlorite (25% are first

di ssolved conpletely per gallon of water. Wen fully dissolved, 3.36 m of
25% aqueous sodiumchlorite solution is added per gallon of water. After
conpletely mxing, 25 the chlorine dioxide concentration was 150 ppm and
the pH of the solution was 3.5. Doubling the quantities of reactants used
to make the 150 ppmsolution results in the production of a 300 ppm

sol ution of chl or chieric isxtdke to Exedisotved afavAask Bnda gt ANErRLinine 36D P of
cont ai ni ng 300 ppm of, chlorine dioxide, a mx of 30 40.0 grans of sodi um
bi sul fate and 11. #higiiagdiosidehaymeanthgbd8 s proeesd( 259 are ful Iy di ssol ved

in 5 gallons r. vol u f 25% aqueous.sadi,um /30203
PCT/ USO1/ 306 %&nﬁ%ﬁ%hl %?f%%‘e??ﬂé?ﬁ&g% e tmporiat SOvRIGeRtioR 15 4 B ,Ofgﬁ% a
sol ut i osolatitr B¢ Bionght30ihif e BEscridbd ad¢ill Rmgdi oxi de having a pH of 3.8 is

produced. Exanples A - D are exenplary only. The inportant consideration is
that pH of t Abe hewsindipdeseddntantioypavisiprsg kit fareredusingrahbaihealioxide conyerisitie The
herein gj ed _in i Vi Si.ons. . a.ki.t f.or. producing,chlarine dioxide
conpr i sﬂin%%@?le ('g)él '[t)agl)r{eg?éf% ﬁ?lg.sl gr(l) éiruén grou§iRs ]§St§§ﬁﬁaﬂlﬁ{ %l?f?%tyiq{t Yh a first

cont ai naypavhtbrid ylohg hithuadivhy BieatoH the setoff GothinBr Atk Rit 54 E@thBoretst he
second container so that the kit and conponents are able to be safely

t r ans pofica@lafotbesately wanspatedhaithoud fearpEhazatdent i on enconpasses a met hod of
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acidified solution. Many advantages accrue fromapplicant's invention:
Chl or i ntedgroRrildetojthe epad tange end thien laddiag sodinmg dhipride prtbd icidifisdeolution.

?ggﬁ??;aatl OR/Ian%SadxzzgntaNg%s%E:cerﬁgh)éhlna%pﬁéanqg%%%ﬁt?o%m of ingredients is

1) Chlorine dioxide is generated with ease and in a predictable
concentration.
15 2) No pre-mixing or measurement of ingredients is required. .
3) Applications too small to justify a generator will find it convenient to

employ the inventive product.
4) No toxic or unpleasant organic residue accompanies the use of the
inventive composition.
20 5) The components are soluble in and react rapidly in very cold water (3° C).
It is to be understood that the amounts of ingredients herein set for are substantial
amount as readily understood by those skilled in the art.
Obviously, many modifications may be made without departing from the basic spirit of
the present invention. Accordingly, it will be appreciated by those skilled in the art that within
25 the scope of the appended claims, the invention may be practiced other than has been

specifically described herein.



3) Applications too small to justify a generator will find it convenient to
enpl oy the inventive product. 4) No toxic or unpl easant organic residue
acconmpanive@ ov/bieosise of the inventive conposition. 20 5) FopUsSampenents are
soluble in and react rapidly in veryldold water (3C). It is to be
understood that the amounts of ingredients herein set for are substanti al
anount as readily understood by those skilled in the art. Qbviously, many
nodi fications may be made without departing fromthe basic spirit of the
present invention. Accordingly, it will be appreciated by those skilled in
the art that within 25 the scope of the appended clains, the invention may
be practiced other than has been spé]ﬂAIiM;&lly descri bed herein. WO

02/ 30203 PCT/ US01/30644 14 CLégNE product. capabl e of producing
chlorine di ofi de, Acoiednetcrpapleigundicing ‘S}ﬂ%‘ne dexidecppastingnspansially of i t hi um
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of producing chlorin e conpri ctive anount
hypochl orite, sodium bisulfate and sodi um chlorite wherei n the lithium
hypochlorite and sodi ldm bi s%l fate are packaged together and the sodi um

chlorite is pack Bt sARAbleso BKOW’& rigrHeride gemprivieg efferdive amepniyef
di gxi de conpri si ngugh i, bé’lﬁ‘o&@ns% sulfité%ﬂd é’JHuE}X%ﬁ)!? Qb in écﬁggglglg?&

bi sul fate and sodlumch rite eac In an di'vi

The product of cl hymcﬁlomheami fbdﬁlhﬁbisulfhnelafe PacRagdl togdtlicd ahd tHRr soaRM cliﬂBrite
substantially 6.12 t he ?Odl um bisulfate 1s present in substantially 7.7
g and the sodi urﬂ%‘ll’ﬂcg?g é9%8- present in substantially 5.6 g. 5. A product
capabl e of producing chlorine dioxide conprising the following 15
ingredients present in substantially the following ratio: Sodiumchlorite
1.00 Lit hi ut hypacprdodudticepabl& prédutingahidbrine digtidte domdBrising effective amounts of

lithium hypochlorite, sodium bisulfate and sodium chlorite each packaged in an

10 individual packet.

4. The product of claim 2 wherein the lithium hypochlorite is present in
substantially 6.12 g, the sodium bisulfate is present in substantially 7.7 g and the

sodium chlorite is present in substantially 5.6 g.

5. A product capable of producing chlorine dioxide comprising the following
15 ingredients present in substantially the following ratio:
Sodium chlorite 1.00
Lithium hypochlorite 1.09
Sodium bisulfate 1.38

6. A method for preparing an active chlorine dioxide solution comprising dissolving
20 the contents of an Activator Pack containing LiOCl and NaHSO, in water and
shortly thereafter rapidly adding the Chlorite Pack containing NaClO, to said
water containing therein the dissolved contents of the activator pack and wherein

the ratio of LiOCl, NaHSO, and NaClO, are as set forth in claim 4.

25 7. A method of insuring the potability of water comprising adding the composition

of claim 1 to water.



6. A nethod for preparing an active chlorine dioxide solution conprising
di ssolving 20 the contents of an Activator Pack containing LiOCl and
NaHSO4 | wowmt/eroand shortly thereafter rapidly addi ng t heCOoBarioset Pack
containing NaClQ2 to said water contldining therein the dissolved contents
of the activator pack and wherein the ratio of LiOCl, NaHSO4 and NaClQ2
are as set forth in claim4. 25 7. A nethod of insuring the potability of
wat er conpri sing adding the conposition of claiml to water. W) 02/ 30203
PCT/ USO01/ 30644 15 8. The product of claim 1l conprising a one pack

formul ation conprising in ratio substantially 1.0 parts of sodium
chlorite; 0.97 part of lithiumhypochlorite; and 1.22 part of sodium

bi sul fate. 5_9. The product_of claim 1 conprising a one pack fornul ation
containing $ubst JE‘F pEdugt of clgig beomprisingarprgprs&ibmylatéon conmyistfe insatiaim

ot oduce. subst ant  ATaBRY GPE of Sidifin Rt B at et fpostyot: S °
met hod for preparilmg Osint biowfgenpri si ng substantially 3,000 ppm of
PRricEfIEp

chl.orine dioxide per liter conprising adding the product of claim4 to a
Ii?er of water in order to disinfect said water. 15 11. A nethod for

di sinfectingga su i t e di.sipfecte onprising. applying to
said surfacegt he ;F)[frh gﬁgoc#%%%{cg a fr)nC n%résc]l%%la _P%e B\%:ggﬁr_mr@?}onﬁomrﬁga for
di si nfecting frui ksbstatiallg gel6gllf EshieaMPpbSHlGYee AW BBsdduns Bistifht dhd 8 3344
veget abl es the product of claim1l added to water. 20 13. A nethod of

deodori zati on of wedite chigrite tobmgsided tnyylitex pbwaieyta produce substenttadly a0l t o

be deodorized to ci: Lai.m 1. 14. A product capabl e of producing
chl ori ne di oxi de E@cgl?(% %c 1°’§I3?r%°r‘|€‘!é‘?rﬁng l'ithium hypochlorite, sodium

bitgul fate and sodium chlorite wherein the sodiumchlorite is provided
di ssolved in water in a first container; and sodiumbisulfate and Iithium
25 hypochl or 1fe arempthedifersriepasing acropposition icamarisisg swltantinlip 080 ppm of

chlorine dioxide per liter comprising adding the product of claim 4 to a liter of

water in order to disinfect said water.

15 11. A method for disinfecting a surface desired to be disinfected comprising applying

to said surface the product of claim 1 added to water.

12. A method for disinfecting fruits and vegetables comprising adding to said fruits

and vegetables the product of claim 1 added to water.

20 13. A method of deodorization of waste water comprising exposing the said waste

water to be deodorized to the product of claim 1.

14, A product capable of producing chlorine dioxide the product comprising lithium
hypochlorite, sodium bisulfate and sodium chlorite wherein the sodium chlorite is
provided dissolved in water in a first container; and sodium bisulfate and lithium

25 hypochlorite are provided in a dry form in a second container.

15.  The product of claim 14 wherein the components are present in containers and, in
substantially the amounts set forth,

Container 1



15. The product of claim 14 wherein the conponents are present in
containers and, in substantially the anmounts set forth, Container 1 WO

02/ 30203 WRC2/89803L/ 30644 16 4 grans sodi um bi sul fate and RCTASGwaanst | ithi um
hypochlorite (25% Container 2 3.361m of 25% aqueous sodiumchlorite so
that when the 5 conponents are properly added to a gallon of water, a
conposition of 150 ppmof chlorine dioxide at a pH of 3.5 will be

produced. 16. A nethod for the safe transportation of potentially hazardous
dry chlorite conprising shipping the product of claim 14, thereby
preventing the hazardous shipnment of chlorite. 10 17. A method of

preparing chlorine dioxi de dqmahssddiémdelifag afif ective anounts of lithium
hypochl orite and sodium bisulfate to water in sufficient anount to reduce
pH into the acid range and tlHdreramelifdurs dopeshlaite 625%k to the acidified
§?I5uti on. 18. The nethod. of .6l aim16 wherein the acid range is about pH of

3.36 ml of 25% aqueous sodium chlorite so that when the
5 components are properly added to a gallon of water, a composition

of 150 ppm of chlorine dioxide at a pH of 3.5 will be produced.

16. A method for the safe transportation of potentially hazardous dry chlorite

comprising shipping the product of claim 14, thereby preventing the hazardous

shipment of chlorite.
10 17. A method of preparing chlorine dioxide comprising adding effective amourits of
lithium hypochlorite and sodium bisulfate to water in sufficient amount to reduce

pH into the acid range and then adding sodium chlorite to the acidified solution.

18.  The method of claim 16 wherein the acid range is about pH of 3-5.



