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PCT/ US97/ 02157 ' METHOD AND APPARATUS FOR MAKI NG
AQUEQUS CHLORI NE DI OXI.DE BACKGROUND OF
"THE | NVENTI ON 1. Field of the Invention Thi s

~di scl osure provi des processes and apparatus for the production gf. Lhe
di oxi de. More pXPOF Lrly, the present invention is directed t%Hnggc’g{slégs

~and apparatus for 5 Pr OgieiriOn, ANDAAPPARAIOS FOR MARINeuUeoUs sol ution

iof chlorine dioxide w thout producin undesi rabl e side products such
‘as free chlorine or chlorous acA&NﬂmagdeﬂbpﬂH@uﬁPUQ?EBE according to
the present invention can be produced on site and can be used, inter alia,
as a disinfectant in the treatnent of water and wastewater.

2. Description of Related Art 10 Chlorine dioxide is a
~strong oxi dant which has been receiving increased attention as an
calternative to chlorine for the disinfection and -taste/odor (T/O control
' of wat er and waste wat eBACKGROUNDCOF FHE ANVENTION chl orine di oxi de
is expressed as A Jerr]. As implied fromits chemcal formula, it
~has the disinfecting properties of both chlorine and oxygen.

. Moreover, chl ori nepgidst die Ivehtibat s prom se of good di sinfection
- per f or mance
P This disclosure provides processes and apparatus for the production of chlorine

dioxide. More particularly, the present invention is directed to processes and apparatus for

5 production of a high concentration aqueous solution of chlorine dioxide without producing
-undesirable side products such as free chlorine or chlorous acid. The chlorine dioxide
according to the present invention can be produced on site and can be used, infer alia, as a

disinfectant in the treatment of water and wastewater.

2. Description of Related Art

10 Chlorine dioxide is a strong oxidant which has been teceiving increased
attention as an alternative to chlorine for the disinfection and ‘taste/odor (T/O) control of
water and waste water. The molecular formula of chlorine dioxide is expressed as ClO,.
As implied from its chemical formula, it has the disinfecting properties of both chlorine and
oxygen. Moreover, chlorine dioxide exhibits promise of good disinfection performance

15 - without the disadvantages of forming large quantities of undesirable chlorinated byproducts
since it does not react with hydrocarbons to form chlorinated hydrocarbons.

Chlorine dioxide (Cl0O,) first was discovered in 1811 in the form of a greenish yellow
gas by Sir Humphrey Davy, by reacting potassium chlorate (KC10,) with hydrochioric acid
(HCD. It later was found that ClO, could be used in a dilute acetic acid (CH,COOH)

20 solution for the bleaching of paper pulp. Even though the outstanding disinfecting properties
of chiorine dioxide have been constantly noted, its practical application was hamipered due
to the lack of a safe and economical way of synthesizing it. In the 1930’s, the Mathieson
Alkali Works developed th_e first commercial process for making CIO;, from sodium chlorate
(NaClQ,) via sodium chlorite (NaClO,).

25 In 1944, the Niagara Falls Water Treatment Plant No. 2 was the first U.S. water
treatmment facility to use ClO,. ClO, was used to treat a potable water supply for taste and



15 wi t hout the di sadvantages of forming |arge quantities of undesirable

~chl orinated byproducts since it does not react wth hydrocarbons to
form chl ori nat ed hydrocarbons. Chlorine dioxide (Cderr])
first was discovered in 1811 in the formof a greenish yellow gas by

Si r -Hunphrey Dav by reacting potassiumchlorate (KO Jerr]) with
hydrochl ori c We? %3“9 { (HO). It later was found that C102)P83msa7’??é57used

0y SRR ik SRR Bt B L S8 b

' ﬁhl ori ng gl mdmhaummna}mmfmms ﬂﬂt@ﬂnoﬂéﬁm smtsacothealu Spplahte abanﬂftMﬂS
_hanper e ue e | ac a Sa na ec a
_synt hesi zi niflopted GIQ: f%é"""i@é‘ﬁ‘“g’mf& Ie?&??nwo"‘? né)én%"ﬂ‘ﬁf‘ gav\%fYkg..ockpon

devel oped tmfetdstaycmr&aahsmhﬁmﬁ 1 fvadterBilheS Gd c1b;or1hsmfi8ua1survey
chl orate rr]) via so umchlorlte( err]

In 1942, t h%swﬂneagm &4 #b% Rlaffs tsre Ysing, -1Ryand that moskef these anty werefql¢e§tp1@ts
wat er gxbfz{n{o%gt B 56@walerttyeamedd s,ﬂaﬁ Gle?é Tpktievieh Gbete Lsmes%g 3% %@"é‘?l

treat a pot ter sup for taste and
PCT/ US97/ O2tréimment in 1978. odor (T/O control, especially T/ O from phenolic

! d I nd I t ' '
Comounds. | Uk SAoNTS! e S PN GiBcet dar, A TERTind Rl

addgerr ] f otheZlcanrWatee Actrarstudyfsbeuld bs mpdertaken tocdenclop 2 s@Begy mmzv.\hibitaxeme,

Lock t ted
Q' qron) ! 1§ s moblfuiek xbr s S Chaoriieling talbr ) ehBounl, 1h BicBVebnl 1RE' ©
addgerr] andﬂmhnu (Cipshias Heen britieizeal by envirenmenalists; eyenathowgh it is one of theEmiostpe,
ouL, 500 GG EATRIL L RS UALEL ok RSl e, i

r ecommendeddisiivantages assqeiutdd with ukieg free chiveine 2ah bel@mﬂfnarxzed as follb@s:Cl ean
Wat er Act a stu ((h/ Ehuld be undertaken .to dé veI
in

te hi bi t,
reduce. 30, s TP W EHESS, SIPSECR (PRURE WA R A
corrpoqrsds. I n recent bRescarbohs;ee

(2) Even with water, it reacts to produce hydrochlonc acid and hypochlorite;

3) Solubility in water is relatively low making it difficult to adequately disinfect

without affecting the vapor space above;

“ Chlorine is not effective in taste and odor (T/QO) control, due to its low water

20 solubility, own pungent odor, and acidic reaction; and
(5) Itis produced only as a bulk chemical commodity. A small batch capability
does not exist, because on-site generation of chlorine is commercially
unattractive. This makes chlorine unsuitable for waste water treatment.
For at least these reasons, the replacement of chlorine with other chemicals such as chlorine
25 dioxide has been the subject of a great deal of interest in the recent years.

Chlorine dioxide is known to be an excellent disinfectant as well as a strong oxidizing
agent. Its bactericidal, fungicidal, algicidal, bleaching, and deodorizing properties are well
documented in various sources of literature. Chlorine dioxide is soluble in water at room
temperature (20°C) to about 2.9 grams CIlO, per liter of water at 30 mmHg partial pressure

30 of ClO,, or 8 grams per liter at 80 mmHg partial pressure. ClO, is approximately § times
more soluble in water than chlorine gas (Cl,). ClO, is much more soluble in water than

oxygen (0O,) which only has 9.2 mg solubility per liter of water. The presence of chlorine



chlorine (C[err]) has been criticized by environnentalists, even though it
I's one of the nost heavily used chemcals in various chemcal and
envi ronnment al applications. The di sadvant ages associ ated with using
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15 It is also notable that ClO, is quite volatile and therefore can be removed easily from
aqueous solutions with minimum aeration. Concentrations of ClO, in air above 1 1% can be
mildly explosive. Due to the chlorine dioxide’s relative instability and volatility, storage and
tfansportation seem intuitively less economical, even though it"is conceivable to store it in
a compressed container. In this regard, the strategy of ClO, production can be two-fold,

20 viz., either on-site production or high purity compressed CIO,.

There have been several, but primarily three basic processes developed for the
synthesis of Cl0, that have been commercially applied to water treatment operations. - All
three processes involve sodium chlorite (NaClO,) as one of the stafting raw materials. The

basic process chemistry of the three processes are discussed below.

25 Process 1: Process with Sedium Chlorite and Strong Acid
In this process, a strong acid is used along with sodium chlorite. The strong acid
normally is hydrochloric acid or sulfuric acid. Using hydrochloric acid, the ‘reaction

stoichiometry is:

5 NaClO, + 4HCI - 4CIO, + 5 NaCl + 2 H,0O (R1)
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Cl, + H,0 - HOCl + HCl (R3)

The intermediate product, hypochlorous acid (HOCI), in turn reacts with sodium chlorite to
20 form chlorine dioxide (CI10,), i.e.,

HOCI1 + HCl + 2 NaClO, -~ 2 CIO, + 2 NaCl + H,0 (R4)
The stoichiometric reaction, which is a summation of the two, becomes

Cl, + 2 NaClO, -2 CIO, + 2 NaCl (RS)



5 NdJerr] + 4HA -> 4 Jerr] + 5 Nad + 2 Herr]O (R1)
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In this process, sodium hypochlorite (NaOCI) is used as a raw material along with

sodium chlorite:
NaOCl + HCl1 -~ NaCl +HOCI (R6)
10 HCl + HOC1 + 2 NaClO, - 2C10, + 2 NaCl + H,0 R7)

This process has several similarities with the earlier two processes, i.e., involvement of
hypochlorous acid (HOCT), use of strong hydrochloric acid as a raw material, byproduct salt
formation, etc. Due to the presence of sodium hypochlorite, the process intuitively seems
to provide more bleaching possibility. .

15 For much larger users of ClO,, such as for bleaching paper pulps, chlorine dioxide
demands are much higher than in water treatment plants. In such applications, the sodium
chlorite production step can become a part of the entire ClO, generation process. This
process has major drawbacks of using (1) sodium hypochlorite (NaOCl) that is expensive,
and (2)'hydrochloric acid (HCI) that is strongly corrosive.

20 U.S. Patent Nos. 4,925',645 and 5,122,282 describe a process for the production of
chiorine dioxide, and a method of treating water and/or wastewater using chlorine dioxide,
respectively. According to these patents, the process of making chlorine dioxide includes
the steps of combining lactic acid or citric acid with sodium chlorite or alkaline earth metal
to yield a salt of an acid and chlorous acid. They state further that the products produced

25 from the methods described therein include, inter alia, chlorine dioxide, as well as free
chlorine, chlorous acid and chloric acid. The reaction mechanisms described therein are as

follows:
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route seens to be nore popul ar. 15 Process 2: Process with

Sodi um Chl orite and Gaseous Chlorine Thi s process uses
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in two stage\yoﬁ"i‘”é% beginning with the formati on of an aqueous
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HOC + HO + 2 Nad Jerr] -> 2 C Nefla £ H
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2a. HCIO, +  Non Fully Oxidized Organics, —>
Inorganics or Pathogens

HCIO + Oxidized Organics,

10 Inorganics or Pathogens (R9a)
2b. 2HCIO, _ HCIO + HClO;
(chlorous (Hypochlorous (chloric

acid) acid) acid) (R9b)

15 3. HCIO + 2HCI0, ——> 2C10, + H,0 + HCl _
. (This reaction occurs in absence
chloric ion) i R10)

4, Clo, + Non Fully Oxidized Organics, —>
Inorganics or Pathogens

20 : HCIO, + Oxidized Organics,
’ Inorganics or Pathogens | R11)

5. HCIO + CI + H* __ > cl, + H,0

R12)
6. Cl, + Organics, Inorganics —>
25 or Pathogens
Oxidized Organics, Inorganics
or Pathogens (R13)
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 ‘when combinations of lactic acid and additional acids are u ed compared to lactic acid alone.

In addition, the *747 patent discloses a process by which undesirable by-products such as
15 sodium lactate and chlorous acid are produced and hence, must be removed. The chlorine
dioxide is used in a concentration of from 100 to 500 ppm up to 2700 to 3300 ppm.

U.S. Patent No. 4,585,482 describes a process for producing a biocidal composition
which liberates chlorine dioxide. The composition releases the chlorine dioxide when the pH
is lowered to less than about 7 by an organic acid generating polymer. Thus, these

20 documents describe a process for producing chlorine dioxide which involves either (i) the use
of free chlorine or corrosive strong acids such as HCI and H,SO, or (ii) the co-production
of hazardous by-produsts such as free chlorine, chlorous acid, and the like.

Conventional chlorine dioxide solutions prepared using methods disclbscd in the
aforementioned prior art suffer from the drawbacks that they produce undesirable by-

25 products. In addition, the reactions involved using the methods described, i.e., merely
mixing the reactants in a reactor usually at ambient temperatures and pressures, or slight
modifications thereof, proceed at commercially unacceptable slow rates and produce
relatively low concentrations of chlorine dioxide, i.e., on the order of less than about 5,000
mg/l of chlorine dioxide.

30 Thus, there exists a need to provide an economic and efficient method for producing
chlorine dioxide that does not also produce hazardous by-products (e.g., chlorine or chlorous

acid), as well as substantial amounts of unusable salts (e.g., sodium ch_loride, sodium



chlorine dioxide, and a nethod of treating water and/or wastewater using
~chlorine dioxide, respectively. According to these patents, the
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CH err] CH( OH) COONa + Had Jerr] 5

(salt of (chl orous | actic
acid) s aci d) SUMMRRY OF THE INVENTION

An object of the present invention is therefore to provide a process for the production
of chlorine dioxide that does not suffer from the drawbacks of the known art described
above. Another object of the present invention is to provide a process of treating water
whereby an effective amount of a chlorine dioxide solution is added to water to produce the

10 desired disin_fectam property.

An additional object of the present invention is to provide a process and apparatus for
the production of chlorine dioxide which have:

° simplified reproducible chemistry;

the use of weaker acids and less acid than the processes of the related art; |
15 no chlorine or chlorous acid produced as byproducts;

mild reaction conditions;

a high selectivity of chlorine dioxide and minimum selectivity of undesired by-
products;
L an increased reaction rate to decrease total reaction time;
20 ® a low capital investment requirement; and
o a high yield of chlorine dioxide.
1n accomplishing the foregoing objects, there is provided according to one aspect of
the invention, a process for producing chiorine dioxide. The process comprises the first
steps of providing an aqueous acid solution. The solution comprises
25 a hydroxy carboxylic acid and a companion acid. The hydroxy carboxylic acid is capable
of temporarily transferring chlorine from an alkali metal salt of chlorite ion, but substantially
does not form a salt with an alkali metal salt of a chlorite ion. The companion acid
substantially does not react directly with an alkali metal salt of a chlorite ion.
The aqueous solution then is combined, in a vessel, with an alkali metal salt of a
30 chlorite ion, to yield an aqueous reaction solution. Chiorite ions are produced in the aqueous

reaction solution, and the chlorite ions then react with the hydroxy carboxylic acid present
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' nor gani ¢s A further object of the invention is to provide an apparatus for making chlorine
dioxide and an apparatus for disinfecting water or wastewater whereby the apparatus for
making ‘chlorine dioxide includes mechanisms for feeding solutions containing a hydroxy

10 carboxylic acid, a companion acid and an alkali metal of a chlorite ion to a reaction vessel,
a reaction vessel and a mechanism for withdrawing product solution from the reaction vessel.
The apparatus also can include a stripping unit whereby product solution is contacted with

* an inert gas to produce a product gas, and an absorbing unit whereby the product gas is
contacted with an aqueous medium to produce an aqueous solution of chiorine dioxide.

15 The apparatus for disinfecting water or wastewater includes the aforementioned
apparatus for producing chlorine dioxide and a mechanism for mixing the water (or
wastewater) with the aqueous solution of chlorine dioxide and a mechanism for feeding the
mixture of water and sodium chloride to a contact vessel whereby the mixture is retained for
a period of time to effectively reduce the level of contaminants in the water, or to render

20 contaminants in the water harmless.

Further objects, features and advantages of the present invention will become apparent

from the detailed description of the preferred embodiment which follows.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a plot of the solubility of Cl0O, in water as a function of temperature.
25 Figure 2 is a plot of Cl0,, ClO,, and ClO; (mg/L) versus time according to one
embodiment of the present invention.
Figure 3 is a plot of C10,/ClO, versus time according to one embodiment of the
present invention. _
Figure 4 is a plot of ClO,/ClO; versus time according to one embodiment of the

30 present invention.



or Pat hogens (R13)

6 WD 97/ 30931

- PCT/ US97/ 02157 The chl orine dioxide along with co-produced
chl orine gas and chlorous acid are descri bed by these patents as
havi ng the biocidal effect. As described above, the co- roduction
of these cheW@&M¥%L hazardous and di sadvantageous. In addi EFOYS* %o

patents @grgg &P gﬁﬂ %qu(elcs,bvd? Gbfs g&k@x&c@@@%u{ htg{emﬁfmba @b e

for over 30 days nven aqueous
:sol utions qfreaehi mnvemmndl oxi de cannot remain stabl e under nor mal

~conditions for day,s. u5| . nes . provide t hose

Co the e i el g O of vl B Cebifine. b PR EH, tme
t he pr esentprguencmmnand appar at us are |ntended to be used to
manuf act ure chl |nea?d1 oXi Pat ept ._No.

4 084 547 desori s B 8 4TIh e Vet BocREing, G0 ¢RORAETEHt of e

i s produce r&én{:ﬁ;ﬂélﬁﬁfm ng an acid material wth sodium chlori te in an
aqueous ne ' with a pH of |ess than 7. The 747 patent states that
the lactic aC| d d&ﬁe@e’sd’é‘éﬁ‘egﬁl plot of In (ke (ot GdrVarUSHiTBR-her or gani ¢ and.

i norgani ¢ aci ds.fjkirs adiandiffeRaaA FloteSCI0, 0 6&sus @HE Y6 experimental I4i£ Tpredicted
conbi nations of lactic acid and additional acids are used, conpared to

lactic aci dishpsier and predicted ;90a88%t i on, the ' 747 patent di scl oses a process
by whiigh undesi bl 10VYis B’ Bffeehdal Hidibf2Rlorine dioxide versus time.

Figure 11 is a differential plot of ClO, versus time for experimental data, predicted
first order and predicted 0.9 order.
Figure 12 is plot of chiorine dioxide concentration versus time for experimental data,
1st order predicted data and 0.9 order predicted data.
15 Figure 13 is a schematic reactor diagram according to one embodiment of the present
invention.
Figure 14 is a schematic reactor dxagram according to one embodiment of the present
invention. '
Figure 15 is a schematic reactor diagram according to one embodiment of the present
20 invention. , .
Figure 16 is a plot of pH versus time according to one embodiment of the present
-invention. ' '
Figure 17 is a plot of chlorine dioxide concentration versus time at 20, 30 and 40°C
according to one embodiment of the present invention.
25 Figure 18 is a schematic view of benchtop components used for chlorine dioxide
according to one embodiment of the present invention.
Figure 19 is a plot of C10, concentration versus time for small volume product traps
and the reactor according to one embodiment of the present invention. '
Figure 20 is a plot of ClO, concentration versus time for large volume product traps
30 and the reactor according to one embodiment of the present invention.
Figure 21 is a plot of C10, concentration and pH versus time according to one

embodiment of the present invention.

10



15 sodium | actate and chl orous acid are produced and hence, nust be

renoved. The chl ori ne dioxide is used in a concentration of from 100
to 500 ppmup to 2700 to 3300 ppm U S. Patent No. 4,585, 482
describes a process for producing a biocidal conposition whi ch

l'i berates chlorine dioxide. The conposition releases the chlorjp@gushpxisse
when t he pH WO 930 | gpered to | ess than about 7 by an organic acid
generating pol yneg, ga;U' Réna ;QQ‘SH!T@F'&:E PRERSS hﬁlﬁa aPdtes for rf:dlfcmg
produci ng chl ori ng I OX dseé\?\llﬁaﬁﬁ% |nvoI ves either "(i) the ugpe ¥

free chlori nehlonne:dloxldsm@rémgdﬂgneeiﬂbédlg’&éhOfa@eHG“’&M&"‘H"@P'(] sgerr] or _
(ii) the co-produgtion cxBARAGHEHS BY 0R'RIUS! S Wihrits hirhoducin
chl orine, chl oroug éggl i i agowﬁﬁﬁ A o Con\glgﬂr?tl onalrelghl or |gne
di oxi de sol uthlotise piozitdaraccording rig one ebodimentsef thgemesm invention.

af orenmenti oned pr or dnl@d . &]d&c

undesi rabl e by- 25! reai‘i)lls %l&f(z?gs/s n adg‘;ﬁl on, Iéﬁ?eactcl %‘ﬂg‘yql%\%o ve%eahg ?1fg
the nmet hods gamed 2hed, i.e., nerely m xing the reactants in a
reactor usually at anbient tenperatures and pressures, or slight

nodi fications thereof, proceed at commercially unacceptable slow rates and
produce rewtwbwmnmwmmrmmbwnommm e., on

t he order of |ess than about ) /1 of. ch ori n i xi.de, 30
Thus. ther o exi ot Thposuai i desciphon, iavhuieg ik APDSIAet At e LD iegs are
produci ng efined &£b@éwae dioxide that does not also pr oduce hazar dous
by- product s ., chlorine or chlorous acid), as well as

subst antQ al am)unfl'be gield,af I cands| definedsina mumber of WS or i de, sodi um
! fanfO8as:
PCT/ US97/ 02157 @ T%act ate). There also exists a need for a nethod of

~producing chlorine dioxide that does NOpmount of c_s,@fiﬂsost romthe

“aforenenti oned di sadvant ay¥geddit It reaction and
67.45)

(Amount of NaC'loz Fed) (m‘s-

(¢)) Product Basis:

Cc10,*100%

% Yield? =

(clo + C105+ (Z’; Zg)clo;)

where the superscript 1 denotes reactant basis, the superscript 2 denotes product basis
and the symbol * denotes a multiplication.
15 The product selectivity can also be represented in a number of different ways:
(1)  Desired product concentrations basis:
Mast Desired=100% . Cl0,*100%

Most Desired + Less or Not Desired
clo, + (czo;))[f’—"-s-)
83.45

% Selectivity =

11



the | ow concentrations of chlorine dioxide. Lastly, there exists a need for

“an appar at us capabl e of acconplishing such net hods. 5
SUMVARY OF THE | NVENTI ON An obj ect of the present invention
is therefore to provide a process for the production of chl ori ne

di oxi de that does not suffer fromthe drawbacks of the known QHS |bed
above. Anot heYO %8 of the present invention is to provide roce

treating water c? W%s%tg&fﬁ&; idégiregrount of a chlorine di oxi de
to

solution is adde wat er to produce he 10 desired disinfectant
property. An addi tiongl;0hj ect of t;y@ pr esermol nvention is
to provide a process SatedrivippBatia gs—fof——— = —-t—he—| ct enzof chlorine
di oxi de whi ch have: Less, Pgsired swnglg Lre}ﬂi@dum bl e

chemi stry; [err] the use of weak8348cids and | ess acid
than the processes of the related art; 15 [err] no chlorine
or chlorous acid produced as byproducts; [err] mld
reaction conditions; [err] a high selectivity of

chl orine dioxide and m ni num sel ectivity of undesired by-

products; 3) SelectiVi§fof both m&if and GypRacts:r eaction rate to decr ease
total reaction tine;, 20 [err] a |l ow capital investnent
requi renent ;. and ,Lg‘;‘u;L Mast Desipid 0% | d_of chf8s419& di oxi de.

I n acconpl i shi ng the for egol ngMagtegred JessarNe iDesireds  [g45) w@% ording to one
aspect of the invention, a process for producing rine dioxide.
The precess conprises the first steps of providing an aqueous acid
solution. The solution conprises 25 a hydroxy carboxylic acid and a
conpani on aci d. The hydroxy carboxylic acid is capable of
-tenporarily traggfer ne froman alkali netal salt of chlorite
ion, but substa@| al Fhﬁ@efé@t‘i\ﬁfy' does not forma salt with an al kali netal
salt of a chlorite ion. The caonpani.on aci dsgjs _ Salbqpewt i al |y does not

react directly with an aPkae¥ Y53 Lol DEsiFd orWﬁl .
The aqueous solution then is conbined, 1n a vessel, wtlr an al kali netal

salt of a 30 chlorite ion, to yield an aqueous reaction solution. Chlorite
ions are produced in the agueous . reaction solution, and the

chlorite ions thgn reac Lt:h the hydroxy carboxylic acid present
3 ?g) ?’?oc{uc%electwrl}y.

[CI0, = NaClO,}*100%

% Selectivity =
erecEviy NaClO, Fed
5 . ©) Pure Product Selectivity:
. ClO,*100%
Selectivity =

NaClO, Feds (:;:i)

Throughout this description, the expressions, "substantially free of chlorous aci_d" and

"substantially free of free chlorine” denotes a solution that contains less than about 1 wt%
chlorous acid or free chlorine, preferably, less than about .5 wt% and most preferably, less

than about 0.05 wt%, based on the total weight of the solution. Most advantageously, the

10 expressions "substantially free of chlorous acid" and "substantially free of free chlorine”

denote a solution that contains no chlorous acid or chlorine. Throughout this description,

12



WO 97/ 30931

PCT/ US97/ 02157 ~ therein to yield an aqueous product solution that
conprises chlorine dioxide but is substantially free of chlorous
aci ﬂ'd - f An addi tional object of the invention is to provide a
met hod o I sinfecting water wher eby a chlorine di oXigdgnedssison
preﬁar ﬁd in ac@&ﬂéﬂ%’g with the method outlined above 5 P:i? adﬁmk%ﬁ
with the watgr d "L a8 ha™BrodBct}falt @hoRfantihdPgds\thdtingd ARbroka eitiviavid
contam nants ereo%e?ﬂ%ﬁwa e:g. Bfo-cn%% 0A&:‘nurt_h%r obj ect oﬁ‘ tﬁe_

i nvention i s ot ohiprinydideide pradupt respectively:  Fareughput Hliha¢sauption, the expregsigy "the
and an apparatus for disinf ' . iR RSk I - " FRBRMRdUS
for “HERTHY %chc* '(§)°re|s r?gﬁt&{’%% ge f{r;{gﬁﬁh(fes nec _aﬁs[a‘st\r?ggfcgiray‘%éeiggi ng e
sol utions comtiefunition of the compayion atil is to peovids:the acidiay: tajthe aqeeonsp sasrtinn wiytion

and an al kali petal of a Loride.i t re ls e " : :

react | or? ves&B§ nghip &aﬂeﬂﬁgﬁf"sﬁﬁbﬁ‘%@&‘ t é?Ozgvﬁ ﬁigﬂ”lpl)trgggﬁc? ﬁSJ(‘)j o,  fhig expre sﬁ?g

: \r/\/ﬁaCt'i) on Vefi aeit;otes ? regction_wﬁambyatmeni?lijmeﬁﬂ sioec aot substantiallyaforoy a splk rvgithuthet
ereby product sqlution is, contacte { th ..an inert gas,ta. .

~ produce a pr semprniopacid.And the, ComRBY B ?F\é)\é é‘?ﬁst“"\‘)\ﬁg’rs'éﬂ?alshr@a%r hh@? cafg?tel 1ons.

3?2; ?gte ed vml';_) h an A%%h@é}‘i&_ii_hn%vb‘ﬂhﬁ Qtsﬂ’ct)fd}ﬂm meamtﬁf _ ftml@@lthﬁ irenctiad betoleen iane

: _The, apparat,us fqr disipfecti er. .Or._wast t

i ncl udes t he haewe sashexgitagid, a companion aﬂgﬁgﬁﬁéﬁ]‘f%?““&? 3k et %@‘“Bﬂﬁed?‘?s-n one”!

di oxi de;gnd %n{ﬁﬁﬁﬁ%t,stﬂ% feakrion %ké%g)_lidafi‘n WaéRtion V€ssel whereby (i) thepHeosaherehctivnt h

t he aqueous so

ution of chlorine dioxide and a mechanism faor feeding t.he.
mixture of waessel israinwined st & YRR below 3 or €13 Jagt 4, pYUER %r%ﬁﬂoﬂ&m
mixture is refalnggfOfvon fromithé Rtdcfiin VessEl. PRefeabs bi D dHa G
the | evel of q%%ha'?n‘:tr?gl&\l?gnllsn tog“{/vat e?,ﬁ or ‘?%n rgﬁer ¢ %O@g%??rﬁh;rgﬁng%?g
in the water anacairiedout. Throughout this description; (the expIpsions  "at least . Bertigp,] when

advant ages of ?,f{oﬁfﬁh&gﬁgw&ﬂcydxhdem% Profitt §61¥1ti(|)n, d\t;,\gotes at }daktQibotih e

detai |l ed descripticon o eferred embodi ment” whi ch fol | ows.
15 10%, preferably, more than about 30% and even more preferably, more than about 50% of

the total chlorine dioxide in the product solution. Most preferably, all of the chlorine dioxide
in the product solution is removed. This expression is not intended to denote withdrawing
a samplé from the reaction vessel. In addition, throughout this description, the expression
“at least a portion," when referring to the removal of acid from the aqueous acid solution or

20 absorbing the acid from the acid gas into the reaction solution, denotes at least about 20%,
preferably, more than about 30% and even more preferably,' more than about 50% of the |
total acid in the aqueous acid solution. Most preferably, this expression, when referring to
the removal of acid from the aqueous acid solution or absorbing the acid from the acid gas
into the reaction solution, denotes all of the acid in the aqueous acid solution.

25 In a preferred embodiment of the invention the hydroxy carboxylic acid includes lactic
acid and the companion acid is an additional organic acid such as acetic acid. In accordance
with the invention, a sufficient amount of the companion acid is provided to maintain the pH
of the aqueous reaction solution at < 5, preferably < 4. The present inventor found that
merely mixing and reacting the respective components, i.e., hydroxy carboxylic acid,

30 companion acid and alkali metal of a sodium chlorite ion, resulted in a significant increase
in the pH of the reaction solution during the course of the reaction, even if the pH of the

‘original reaction solution was substantially lower than 4 (see, FIG. 16). The inventor

i3



BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 is a plot of
"the solubility of derr] in water as a function of tenperature. 25
Figure 2 is a plot of dderr], AdJderr], and A Jderr] (nmg/L) versus tine
according to one enbodi nent of the present invention.
Figure 3 is | ot of Cderr]/Adderr] versus tine accord| ng to one
enbodi nent ofW AH30931 present inventi on. ¥4is

a plot of oortliQolehll ¥ fe¥Pof hilFeadiGOIHR 4 P SuaRRH SEE) sOfnch e

prese

9 the reaction wotl@® 1ﬁ8de86)&ﬁﬂ:e slowly and produce a chlorine dioxide solution containing
PCT/ US97/ 02157

time accor dPHE f‘?ﬁ’cﬁl?‘féané’ﬁﬁ%f:wgﬂ‘l‘c g}oquﬁ'e(elgs' 8 Ot & %ﬂé %ﬁ@%ﬁ‘ lovera

Figure 6 |§,eﬁoaldpt0n@iodﬁg ﬂy@jr])/dt versus ti rre accord| ng to one
enbodi ment of the resent invention, gure 7 is a

plot of d(Ad erIP]a}‘P%‘F" 9@#65@9 mbadiment the P %%N@%%Pmm“@ﬁg frfeurce

present i N\g3n @ert carrier as flowing el Eisfier §ad Braiphl m&%qﬁéaus Rdcfet s&ﬁndnnwmch
(G (l[err])/(Jerr]- ([err versus tine ure is a

di f f er ent i dPclpdestat dgascpry ek 2 PW%“‘M Ard hydrogy ﬁ%ﬁbP’Fiﬁﬁtaé‘F -dét :!FaStp% pertioned
Ist order pinPs&d il MRrhikdInfd #HE inert carrier gas to provide an acid gas. The acid gas then

is introduced into the aqueous reaction solution whereby the at least a portion of the acid in

10 the acid gas is absorbed into the agueous reaction solution.

In yet another preferred embodiment, the acid concentration is increased by reducing
the amount of water used in the process. In this embodiment, advantageously more than
half, and preferably about two-thirds, of the water typically employed to make up the
aqueous acid solution is removed, and then this aqueous acid solution (hereinafter referred

15 to as "concentrated acid solution”) is mixed with an aqueous solution of the alkali metal salt
of a chlorite ion to generate the aqueous reaction solution.

According to another preferred embodiment, the reaction temperature is maintained
at a temperature within the range of from about 20°C to about'60°C, and more preferably
within the range of from about 30°C to about 45°C and most preferably at about 40°C. The -

20 inventors found that by carrying out the aforementioned reactions at a temperature of about
40°C, significantly higher yields of chlorine dioxide could be achieved in shorter periods of
-time.
In accordance with the present invention, instead of, or in addition to maintaining the
pH of the reaction vessel at a value of less than S, at least a portion of the aqueous product
25 solution is removed from the reaction vessel either periodically or continuously during the
reaction. In this embodiment, at least a portion of the chlorine dioxide present in the product
solution then can be rernoved using methods well known to skilled artisans, for example, (i)
stripping followed by absorption, (ii) a multi-stage (preferably two stage) countercurrent gas-
liquid absorption mechanism or (iii) stripping followed by condensation and then subsequent
30 absorption. In a preferred embodiment, the process further includes separating the chlorine
dioxide from the aqueous reaction solution by flowing an inert carrier gas, (e.g., nitrogen

or argon), through the aqueous reaction solution, wherein at least a portion of the chlorine

14



10 Figure 10 is a differential plot of chlorine dioxide versus
tinme. Figure 11 is a differential plot of A Jerr] versus
time for experinental data, predicted first order and predicted 0.9
order. Figure 12 is plot of chlorine dioxide concentration
versus tinme for experinental data, 1st order predict edpdpshrRi@70- 9
order predict eWOPIR¥3115 Figure 13 is a schematic reactor
di-agram accopdl g if QriBfiés G thd Ekluidh arkdi6 eREARANN the inert gas!dH 9D theMiffercnce
Figure 14 i sdgk@gﬁ%#g ﬁ%‘d reagsi(l)r |%gr am agc.or‘di ng to onegerrbodi ment of  the
present - betwe¢m thenvapon pressure: of the chlorinerdigxide and the othes dpackants and action

di agram accordi,ng to_one enbodi nent . | |
Figure 16 i spﬁ’dB&Btm S’F aﬂFFQ}'é FEfRop is?"r@l%%’gg rpgil;ﬁgg? (L)m(?)&r%gt 5%25@ %’ﬁ‘%ﬁ?‘ﬁ gz%shﬂéen
present can bd githentirenily contacted with water infangabserbér? or sam figit e cofdepsddand e

di oxi de concentration versus ti,ne af. 3 . 40[ . . c L
to one enbodVARIR{TR r'}fen@ F’ésg’éhlenisﬁé’gﬁzt?? B%Qbéggmﬁ Fhdst gkﬂ]eﬁi%lt}}eeﬂﬁ 5&?&5@9
schematic vi gnat fife seippidli/ahtofption oL stripping/condensativin/absorption icax exianate either from
according to one enbodi nent of ihe present in\‘fn%bon. . Fi,gur e
19 i s a pl ot thefreastiop splption within the reactind Nessel freelt, jof rom A profugtsolyfien that has t
traps with@Rwin¥eorh RRE Faktici vedel] 118 alditionothe ’Kifled aRishn & caphisie of desigiiing

i nventi on. Figure 20 is a gl ot of %@i qr1r concentration

versus time Seitablesstapping| abserPHPD gk fondpusguonpnits to MSERSEATY SeRAoR? t‘ﬂg

to one gyrbodi, neé wilGhe bEjedives iaﬂd’%ﬁfdbﬁﬁbs provided herein. ~ Figure 21 is a
plot of A Jerr| concentration and g]a versus time accordi ng],t 0 one
enbodi nent of the A‘gp@ggmly,i the acidgas, that has passed through the acid solution can subsequently

10 be passed through the reaction product solution to provide a product gas, which then can be

further treated as described above. For example, the chlorine dioxide present in the product
gas then can absorbed in an aqueous media, preferably water, to provide an aqueous chlorine
15 | dioxide solution. In an alternative embodiment, at least a portion of the aqueous reaction
product solution can first be removed from the reactor and then contacted with the inert

carrier gas to provide a product gas and a stripped product solution.
Other preferred embodiments, the process includes a variety of combinations of the
aforementioned embodiments.. For example, the process may include: providing a hydroxy
20 carboxylic acid that serves to temporarily transfer chiorine from and not substantially form
a salt with an alkali metal of a chlorite ion that is added subsequently; providing a companion
acid that will not directly react with an alkali metal salt of a chlorite ion which together with
the hydroxy carboxylic acid provides an acid reaction solution; providing an alkali metal salt
of a chlorite ion to create an aqueous reaction solution, wherein the hydroxy carboxylic acid
25 and the companion acid acidify the aqueous reaction solution and reacting the components
in a reaction vessel; maintaining the reaction vessel at a temperature within the range of from
about 20°C to about 60°C, preferably at a temperature within the range of from about 30°C
to about 45°C; providing a source of an inert carrier gas; flowing the inert carrier gas
through the aqueous acid reaction solution, whereby at least a portion of either the hydroxy
30 carboxylic acid or the companion acid, or preferably at least a portion of both, vaporizes into
the inert carrier gas stream to provide an acid gas; flowing the acid gas through and into

intimate contact with the aqueous reaction solution in an amount sufficient to maintain the

15



WO 97/ 30931

- PCT/ US97/ 02157 Figure 22 is a flow schenmatic di agram of the
process and apparatus for producing chl orine di oxide according to
one enbodi nent of the present invention. Figure 23 is a

fl ow schemati ¢ _di agram of the process and apparatus for prodygci
chl orine di oxP$P"288r di ng to one enbodi mnent of the present %%%7’%?75

Figure 24 i ; h $1C~ 6 | ' ea
A of ReaPidr SR R pit o leROUAR B0y eIk Mol R 2 e e

uc in
PREFERRED Ehgitoxy\exbigylic acid and the chioriteTions)inghe reactioni vess¢btodform a iproduct soditiodi ng
t he appende A L OWLNQ: it er . |.hed || . 10
The yi el d o?"@’ﬁ"g 3 iéég‘n‘t"g%#‘%\gﬁa’%‘ed " oBfiglly removis %‘%s?e" P&g"‘f‘ bt °?‘Y¥’S““e( 1)
React ant s Bdikile from the product solution, wherein e firedwtf solutiorr i§ snbsjantially free of
(2) Rroduct, Basi s | [

wher e t5 he s 8?&?:??%?"&%93?‘3?7@3%@3’&”% ?nge%éﬁ%g&%ﬁ'w%&eés

product bastentacting the product solution with an inert gas, preferably nitrogen, whereby at least a
portion of the chlorine dioxide vaporizes into the inert gas to create a product gas; and
contacting the product gas with an aqueous medium, preferably water, to separate the
chlorine dioxide from the product gas and to provide an aqueous solution of chlorine dioxide.

10 In yet another advantageous embodiment of the invention, a process for the continuous

. production of chlorine dioxide is provided. Thc process generally is similar to the processes

described above only the reactants are continuously fed to the reaction vessel and product

solution is continuously withdrawn and optionally treated. The continuous production of

product solution is a' particularly preferréd embodiment of the invention. Once formed, the

15 product solution is continuously withdrawn and transferred to a chlorine dioxide stripping

unit. An inert gas is provided to the stripping unit and contacts the product solution, e.g.,

in a countercurrent manner. At least 2 portion of the chlorine dioxide in the product solution

transfers to the inert gas to provide a product gas: The product gas then can be passed, e. g,

into a condenser to condense any hydroxy carboxylic or companion acid present in the

20 saturated inert gas, thereby producing an acid solution and a chlorine dioxide-containing gas.

The chlorine dioxide-containing gas can then be passed to a chlorine dioxide scrubber where

- it is comtacted with an aqueous solution such as water to form an aqueous chlorine dioxide

solution and a scrubbed inert gas stream. In a particularly preferred embodiment, the

condensed hydroxy carboxylic acid or companion acid can be recycled to the acid reaction

25 solution, and the scrubbed inert gas stream can be recycled to the chlorine dioxide stripping
unit.

In still another preferred embodiment of the present invention, the product solution
emanating from.the reactor is fed to a multi-stage, preferably a two-stage, counter-current
cascade whereby the product solution first is contacted with an inert gas in the initial stage,

30 and then is contacted with an aqueous medium, preferably water in subsequent stages to

provide an aqueous solution of chlorine dioxide.

16



and the synbol * denotes a nultiplication. 15 The product
selectivity can al so be represented in a nunber of different ways:

(D) Desired product concentrations basis: %
Selectivity = [err] WO 97/ 30931

PCT/ US97/ 02157 (2) Desired versus not (or | ess)l,cd(?@g '
Selectivity Raﬁ%g‘l?””[ err] (3) Selectivity orgg’gfolf%

mai n and bypr oduCher procedures for removing the chlorine’dic¥dEfrbin ik product $dkitin, to form

10

15

20

25

30

an aqueous chlorine dioxide solution, may be readily apparent to skilled artisans.

The present invention also encompasses methods of disinfecting water using a chlorine
dioxide solution prepared in accordance with the methods described above. Water in this
context denotes any water, including municipal drinking or potable water, industrial waste
water, hazardous waste water, fresh water and the like. The aqueous chlorine dioxide
solution is admixed with the water in an amount and for a period of time sufficient to reduce
the level of contaminants from the water, or to render the contaminants harmless. Those
skilled in the art are capable of adding the effective amount and determining the appropriate
retention time given the concentration of chlorine dioxide in the aqueous product solution,
and given the contaminant that is to be removed. For example, if fecal coliform is to be
removed or reduced to an acceptable level, one can refer to generally available charts to
determine the concentration of chlorine dioxide required to effect the requisite removal or
reduction. By using the aqueous chlorine dioxide solution of the présent invention, much
higher concentrations of chlorine dioxide solutions can be prepared in much shorter periods
of time, thereby enabling a more efficient water disinfectant or water treatment regimen.
Due to the inherent instability of aqueous chlorine dioxide solutions, it is preferred to admix
the aqueous chlorine dioxide solution with the water to be treated within 120 hours after the
chlorine dioxide solution has been made, and preferably within 72 hours.

The present inventor extensively studied the reactions that take place between a
hydroxy carboxylic acid, a properly selected companion acid, and an alkali metal of a
chiorite ion. He discovered, quite unexpectedly, that the reaction proceeds in accordance
with a reaction sequence dramatically different from the reaction mechanisms described in
the prior art. Indeed, the inventor found that the hydroxy carboxylic acid serves to
temporarily transfer chlorine from the alkali metal salt of a chlorite ion, instead of forming
a salt therewith. The inventor further found that a properly selected companion acid could
be used to maintain the pH of the reaction solution, and that it could be chosen to not
interfere with the reaction between the hydroxy carboxylic acid and the alkali metal salt of
a chlorite ion. The inventor further was able to devise the reaction sequence and study the
mechanisms of the reactions and unexpectedly found that the empirically derived reaction rate
did not accurately reflect the reaction kinetics. The inventor further discovered that the

reaction rate was directly influenced by the pH of the reaction solution as well as the
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diliring il qedctibhi Preferablyl, (withdrawing product solution is effected continuously and
reactants are fed to the reaction vessel continuously.

The reaction mechanism and kinetics involved in the production of C10, in accordance
with the present invention are as follows. The equations set forth below illustrate acetic acid
as the companion acid and lactic acid as the hydroxy carboxylic acid. However, as discussed
below, other companion acids and hydroxy carboxylic acids can be used.

CH,COOH «— CH,COO" + H* | (R14)
NaClO, - Na* + CIO; ®R15)
Cl0, + CH,CH(OH)COOH - CH;CH(CI)COOH+0H + 0, (R16)
CH,CH(CIHCOOH + ClO, + H* - CL,0, + CH,CH,COOH R17)
2CLO,~ 2 CI0, + 2Ct (R18)
2NaClO, + O, - 2NaClO, : | (R19)
H* + OH - H,0 ' .  (R20)

Upon discovering the aforementioned reaction sequences, and upon recognizing the
role and function of the hydroxy carboxylic acid and the companion acid, embodiments of
the present invention were realized. Various preferred embodiments of the invention that
involve varying certain reaction conditions (i.e., amount of water and acid used, timing of
addition of acid, temperature of reaction and separation of reaction products, etc.) result in
a high yield chiorine dioxide generation process and system, without the production of by-
products such as free chlorine or chlorous acid. Preferred embodiments of the invention, as
will be described in greater detail below, include one or more of the following: (i)
maintaining the pH of the reaction solution below about 4 by adding additional companion
acid either initially ur incrementally during the reaction; (ii) maintaining the reaction
temperature above about 40°C; (iii) separating chlorine dioxide from the product solution by
stripping and absorption either the solution in the reactor or product solution withdrawn from

the reactor, or by a multi-stage countercurrent contacting method; (iv) using an acid pre-wash
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20 As noted above, an important feature of the present invention is that it does not
involve the use of free chlorine or chlorous acid in the manufacturing process, and does not
produce either of these compounds in the reaction product composition. This provides a
more environmentally acceptable product. In addition, free chlorine in a water treatment
system is reactive and is capable of converting hydrocarbons into chlorinated hydrocarbons
25 which are known carcinogens. Moreover, chlorous acid is very temperature sensitive and
any increases in temperature above 40°C can be extremely dangerous. Thus, the present
invention is very suitable in a water treatment system, where the water will be used for
human consumption.
Due to the inherent instability of aqueous solutions of chlorine dioxide, the present
30 method is intended to be carried out on-site with the produced chlorine dioxide product being
used within a period of 120 hours, preferably within 72 hours. Most preferably, the chlorine
dioxide solution so produced is contacted with water or wastewater shortly (e.g., within a
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15  acid and a companion acid that will not directly react with an alkali metal salt of a chlorite

ion. Throughout this description, the expression, "relatively weak acid" denotes acids which

are not recognized in the art as strong acids such as HCl, H,SO,, and the like. The organic
hydroxy carboxylic acid is important in that it serves as a temporary chlorine transfer agent

by producing the chlorine intermediate, R,CH(CI)COOH. While not wishing to be bound

20 by ahy particular theory, this temporarjr tfansfer is believed by the present inventor to result
from use of the companion acid, which permits the hydroxy carboxylic acid to perform the
function without substantially forming a salt with the alkali metal. While many hydroxy
carboxylic acids generally are more costly than mineral acids such as HCl1 and H,SO,, the
corrosive nature of mineral acids and the extreme care required in handling such acids is

25 largely avoided by the use of hydroxy carboxylic acids. Any hydroxy carboxylic acid of the
formula R,CH(OH)COOH that can form a chlorine intermediate as shown above, can be used
according to the present invention. R, can be any lower alkyl group which may or may not

be substituted. Preferred organic hydroxy acids include butyric hydroxy acid, glycolic acid,

- CH2(COOH)CH2CH(OH)COOH, CH2(COOH)CH(OH)COOH, lactic dicarboxylic acid

30 (CH2C(OH)(COOH)2, citric acid, gluconic acid, and malic acid, can be used. An especially
preferred hydroxy carboxylic acid is lactic acid. Representative lists of hydroxy carboxylic
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aqueous acid solution is renoved, and then this aqueous acid sol ution
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to generate the aqueous reaction sol ution. According to
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\:/L\Qer einat | eas td naot %mgg-p? ggggigxgmg%g xr'elqlrhred chlorine intermediate, R,CH(CI)COOH. In
PCT/ US97/ 021@é case of sulfuric acid, the sulfuric acid will combine with sodium chlorite to produce
15 sodium sulfate which is an undesirable by-product salt which must be removed from the
product solution. Any organic acid of the general formula R,COOH and which does not
interfere with the formation of the chlorine intermediate or does not react with the sodium
chlorite to produce undesirable salts can be used according to the present invention. R, can
be H or a lower alkyl which may or may not be substituted. Companion acids such as acetic
20 acid are preferred.

In systems generally known in the art, substantial amounts of salts, usually NaCl or
sodium sulfates, are produced. According to the present process, smaller amounts of NaCl
and sodium chlorate are produced than the processes known in the art, and the production
of sodium sulfates is avoided. In addition, while salt produced by known processes are

25 generally troublesome, the sodium chlorate produced according to the present invention is
somewhat beneficial, in that it has weak disinfecting/oxidizing capabilitics. Furthermore, the
sodium chlorate can be converted back into sodium chlorite by, for example, a reconstitution
reaction. Those skilled in the art are capable of converting sodium chlorate to sodium
chiorite.

30 The amount of water usually used corresponds generally to the amount of water
typically present in conventional hydroxy carboxylic acid solutions and companion acid

solutions. For example, hydroxy carboxylic acids such as lactic acid are commerciaily
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mai Nt a251 t heube is designed to have a length sufficient to provide enough detention time in the reactor

to adequately react the ingredients given the flow rate of the reaction solution and the
temperature of the water. Those skilled in the art are capable of designing a suitable tubular
reactor given the objectives and guidelines presented herein. One particularly preferred
reactor that can be used to make a suitable on-site aqueous chlorine dioxide generator is a
30 temperature controlled tubular reactor containing one or more coils made of, for example,
Teflon coated polyethylene tubings, whereby the coil(s) total about 150 to about 200 feet in

length, whereby each coil(s) can have an internal volume of about 500 ml. The total reactor
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. The apparatus of the present invention generally includes the appropriate devices and
mechanisms for carrying out the methods described above. The-apparatus typically includes
an acid storage tank and a chlorite storage tank whereby an aqueous acid solution is retained
20 in the acid storage tank, (the aqueous acid solution being the same aqueous acid solution
described above), and a solution of an alkali metal salt of a chlorite ion are stored in the
chlorite storage tank. Mechanisms are provided which can both feed the appropriate
ingredienté to the storage tanks and to withdraw solutions therefrom. Preferably, these
mechanisms include pumps and feed lines sufficient to withstand the flow rate of aqueous
25 acid solution and solutions of alkali metal salts of a chlorite ion. Those skilled in the art can
readily determine an adequate size for the respective storage tanks, feed lines and pumps to
effect the requisite feed rates of reactant solutions (i.e., aqueous acid solution and solution
of an alkali metal salt of a chlorite ion). One particularly preferred embodiment of the
invention includes two pumps (one for the agueous acid solution and the other for the
30 solution of the alkali metal salt of a chlorite ion) that operate at about the same level, for

example at about 20 tn about 30 cc/min. '
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di oxi de soI | an ”E%i t§e re parent to skilled artisans.
The present P? |“s%° asses net hods of disinfecting water using
a chlorine Any thacoor that scchpxtblmf gfifecting the reactioe berveanthe ayhdolis 4di® soltidhods

descri bed a cont ext denotes a wat er cl udi ng
nuni ci pal ?q%ntg? ﬁ%rme&}t %Pt \XB&%‘E‘F" '°Pﬁ8ﬂ§? mgﬂg - Contamilou %H%rfemfs'
hazar dous wéfipR 148ks! plug-flesreactory amd thbul® readtérs. Themaﬁlaequﬁ:t&hisqrammly
di oxi de solution is adg:lﬁxed with the water in an amount and for

peri od of tPiereds pAdvapagequsly, theJeastor is temperature coptralled py Wrﬂ‘%‘ﬂﬁﬁ@@k’om
the water, @fmhifta{BfsiMe rédfior Raipdfiniant & gliah Whias.s ThddeQkRled in the art are familiar

with various temperature controlled reactors and can design a suitable reactor given the
objectives and guidelines provided herein. In addition, reference can be made to any
15 available reference manual such as Perry & Chilton’s CHEMICAL ENGINEERS’ HAND_BOOK,
5th Ed., McGraw-Hill, Inc., (1973). Preferably, the reactor is a tubular reactor of about 150
to 200 feet in length in a water bath, whereby the tubular reactor is coiled within the water
bath. In addition, the reactor preferably. is maintained at a temperature of about 40°C and
provides a residence time of about 45 minutes.
20 A product solution is withdrawn from the reactor by any mechanism capable of
withdrawing an aqueous soluton from a reactor. Preferably, the reaction is carried out
. continuously, and product solution is continuously withdrawn from the reactor. After exiting
the reactor, the product solution can either be used directly, or it can be treated further by
stripping and absorption. For example, the product solution can be fed to a stripper which
25 includes a gas-liquid inlet line, a liguid outlet and a gas outlet. Preferably, the product
solution is contacted with a gas (such as nitrogen, argon or air) and fed to the stripper,
usually at the bottom where it is sparged with the liquid present in the stripper. The liquid
level in the stripper can be maintained by setting the level of the liquid outlet line. " Those
skilled in the art are capable of designing a suitable stripper given the objectives and
30 guidelines presented herein.
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skilled in the art are capable of adding the effective anount and

determ ning the appropriate 10 retention tine given the concentration of

chl orine dioxide in the aqueous product sol ution, and given the

contam nant that is to be renoved. For exanple, if fecal coliformis to be

- renoved or red e% 312N accept able level, one can refer to gepefasdnizisy
avai |l abl e char determ ne the concentration of chlorine dioxide

required to effect the requisite renoval or reducti on. By usi ng the
aqueous chl orine dioxide solutiagn of the esent | nmuch
hi gher concentratmweﬂa“@m%mﬂ%%?’m (ﬂ“’uf‘}" 3‘5‘]“ lbﬁ“é'b‘a‘?"éﬁ@"f‘f‘ﬁﬁch

shorter perigdg e stri ipper dn bé UBed inNREGRINCE VAR tuagpreseapﬁﬁeﬁwd C PRdifuci\eidtion

di si nfectant or water "treatnent reginen. to the inherent
i nstabi | ity pfeferablydswitbiitawni frem dhe rippersvip atousmps WheiehYsthﬁrpéﬂ?@rlﬁwelta@daﬁirﬁ X

h I
120 hours. af [P PAIE cOBRA AR 48 608 ol bF ol oniHieD prbdlcl SolhSThE % By

preferalsly vvnstﬂadm m strippes viaXbe gas-liquid feed lmhdnmnesmbpdmbrﬂmmamw@ y

tudied th P
Zc?dl, ea pr gprgﬁa} %E r%%%gﬁg%%gggpgmﬁ} an al %%‘T’ im%? %‘P&‘%P%ZB%“ do°
chlorite i oncc/hién chnﬂatwgasexdmxmd with thecprpduct solution atha flowlreter af abbuns00mo@beatd s

i n accordanc cti equence dramatically different from
the reacti on?@gﬁ%‘?’gnﬁm&&@' a[e)alff’“fﬁrboa et “the prior art. Indeed, the
i nventor found thghe b&ﬁppéwpl:roﬁw soRutibm theni can bei séntstora/sterage tidk, or reagmeananhd y

transfer chlorine fromthe al k | rretal alt of a chlorite.i i nst,ea
forningl0  Teactog, Theroduct Ay e slbeth, o<t b T o Al asBrber
properly sel mieﬁﬁueayrpmepﬁuauacgad ﬁesmhdbe fedto a cohdenw&ad cbmerma ayairtedcted goid
of the reaction solution, and t it c QhO not

interfere wi et Ma% be PEESERA “EfeP gf‘?re%ﬁ‘y F@%‘i“!fe?ﬁtﬁfl qgif can

al kal i met al pe@bdd @f accordance with Bl ifiventibn, = maf hmw\taﬁh@ fis Edpableest dbﬁi%nﬁ@ze
to devise the reaction sequence and stud’ chani sns of

reactions ansuitablexendensar (o eifert dhe W%%ﬁﬂpﬁ cHia ?”H%‘W’(/éﬂ“?"@aé‘iel 9H°‘P%& e
di d not, Saccuﬁﬂgx?de%oﬁﬁiﬂlﬁfﬁast ﬁ?vxﬁ?ﬁfctddﬁaeﬁﬁéﬁﬁtfeﬁ So ahABsdrBMENIOF chitlehs®lis not

di scovered t reaction rate was directly influenced by the pH
of the react employed,uhe prodyst 2as|is fedsdireetly to the absorber.

17 The absorber preferably includes a gas-liquid inlet line, a gas outlet line and a liquid

outlet line, Before entering the absorber, water is contacted with the product gas and then

. fed to absorber, usually at the bottom where it is sparged with the liquid present in the

20 absorber. As with the stripper, the liquid level in the absorber can be maintained by setting

. the level of the liquid outlet line. Any mechanism capable of withdrawing liquid from the

absorber can be used to withdraw the liquid from the absorber and any mechanism capable

of feeding water to the product gas can be used. Preferably, pumps are employed to transfer

the respective aqueous solutions, and more preferably, these pumps are operated at the same

25 rate. In this embodiment, the absorber should be charged with the appropriate amount of

aqueous medium prior to operation. In a particularly preferred embodiment of the invention,

the pumps that feed the water to the product gas (or chlorine dioxide-containing gas if a

condenser is used) and withdraw the aqueous chlorine dioxide solution from the absorber
operate at about 200 to about 225 cc/min. |

30 Other embodiments of the apparatus of the invention that will be described in more

detail below by reference to the figures include an acid pre-wash. In this embodiment, a gas
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WO 97/ 30931

PCT/ US97/ 02157 concentration of unreacted chlorite. The inventor
.al so found that unexpectedly high yields of chlorine dioxide could
be attained by maintaining the pH of the reaction solution |ess than

about 5, and/ oﬁ&oﬁ%thdra""! ng at least a portion of the pro buss bzt on
fromthe reactor ™ during the reaction. Preferably, w thdraw ng
~product sol (&é@ﬂbly&ﬂ@éﬁﬁ%@fhoﬁ?%ﬂﬁb@&§ bfued@flaci®solutidnRidr 10 [t mbleEre vaith che

t he reaction vessel continuous]y. . . The reaction nechani sm and
ki netics i ntRYrtinBronipining W abkalicorghsaly ofch ehlgrite) iop fo peavifleamecid as. The ggid
the present gdsii&s ipAhbled thraiigh the rlfor whHeRby GhPddi@ Bitraliild th¥hd gashi€ hidWibed in
illustrate acetic acid . as the conpanion acid and lactTc acid as t
hydr oxy car®eaguecys geaction segiorr  Thesapparatussefctie invention gherefore wowldrinclude a
conpanison L. r i of .
CHort ? Cm%ﬂéer%ﬁ?g irP:)ré ?%Yoﬁ[&&%er r,%bk the 25d 45raG@thnk Svdififhlve an et gas feed line
(R14) and an outlet gnp ed)liner | Likewigg| ther feactoCwopldr b equipped with a mechanism

R1S . rl..q I - ) .
EZH[ ea '] CH day%gﬁ éﬁ["ﬁ’% ﬁ{s %ﬂdegagﬁ[aﬂ& vl:%g% % Those skilled in the art are
CH[ er r ] CH( Ctapail©tof +deSighingr stfippers] etordge- tankd pand miackors rchpabldCldf earryingl eutr theOOH
R17 . 2Cllerr]. rrl.-> errl + Lr] .
E R18g 15 aforemenuoned%t.&callé% ?le +<lb§cgy$ﬁ ﬂdg\ﬂ@%rscféﬂd}ag herein.
(R19) 10 In an adtitienil]embotithent of {he rinyeftion, the apparatus may include, in place of
(R20) - ) .Upon di scover& n% t he aforcirrenti oned reaction
sequences, DRJSUHPRSE Pgﬂﬁi?m?rhén absoroer, 4, Mnit;§IAge FOUPRTFHITERt Coptactor.
hydr oxy car bererhbig, #6vdsiagttobRBreofeiRaidnfbion s wed MHBRBY pRALS sGlution em?]na:ing he

present invention were realized. Various preferred enhodi ments of

. ] t he
i nvention tHam @QreacmFﬂﬁ/S‘PW%Y’m‘ﬁés fuatre “naFg@&d’cri’éﬂ ‘ﬁérﬂfﬁ‘t‘f‘?ﬂ‘?gm(ﬂr‘."é‘.l‘? a
amount  of V‘ﬁﬁ?ﬁedaﬁ}gd&@ solutisiPshd 4 prouid gaé. The strippedPRdidhid1RBIuGbn AfehEan be sent
tenperature of reaction and separation of reaction products, etc.) result
in 15 @ seigee pndiprirechivied tnthegrcastpr e The peeduct gas is fed tas thesaepndycontagtor

W t hout the (! - ﬁﬁﬂﬁé Rl QF wﬁﬁf
chl orous ac?vgéﬂﬁjie&fl*’erg?%%&ee&n%oaq‘fonugpts 0 {t_ e .ﬁﬁﬁ%ﬂ,ﬁﬂiﬁ&m ﬁEﬁ\?\fl e
descri bed it pyovide @n agegoys chigrpe dioxidesolwtionnd gas (nigegeno ATZORAT fair).| owi ng:

(1) 25  maint a’p'iki iRGertiBf AR InchldBs MEMEAS 413 apPArktub Fi} LREGMPNWAB U watteRbter

addi ng addi ti onal conpani on
whereby the agueous chlorine dioxide solution is contacted with the water to be treated in a

he

20 contact vessel. Advantageously, the contact vessel is sealed and operated at atmospheric
pressure. The contact vessel may be operated at less than atmospheric pressure when the

. water to be treated and the aqueous chlorine dioxide solution are fed to the bottom of the
contact vessel and the treated water is removed from the upper portion of the contact vessel.

Any contact vessel capable of effecting contact between the water to be treated and

25 the aqueous chlorine dioxide solution can be used in the present invention. Those skilled in
the art recognize that the contact time in the contact vessel may vary depending on the
particular contaminant that must be removed and/or reduced. In accordance with the method,

an operator determines the concentration of the chlorine dioxide in the aqueous chlorine

~ dioxide solution and based on that value, determines the contact time to effect the required

30 purification. For example, if the water to be treated contains about 1,000 CFU/100mi of
fecal coliform, and it must be reduced to a value of less than about 5 CFU/100m] to meet

the requisite safety criteria for that particular area, then the operator can ascenair; the contact
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acid either initially or incrementally during the reaction; (ii)

mai ntai ning the reaction . t enper ature above about 40[err]C;, (iii)
separating chlorine dioxide fromthe product solution by stripping
and absorption either the solution in the reactor or product solution

W t hdrawn from 730931 the reactor, or by a nulti-stage count escageeniis?
contacting metVlV(S)d9 BPI V) using an acid pre-wash WO
97/30931 time by referring to rcadlly available charts. The requisite flow rates of water to be treated

PCT/ US97/ 02157 wher eb 0X arpoxvlic,aci.d and t

conpani on ackad aqueouRpmREAipH %\FP%‘I‘@%?‘ ﬁ%‘g" a‘P sied 503 P‘&’Ben '@grg%‘l #o e e
amount of Waier odnfact BEssEIC e teqish® Cota@time is achieved. Typlcalml the chhﬁna dicneides
of the present |nvent|on results in the formation of a

of a sodi um solntiemwil temnain irf eantast wahtmwmsogeaw%%ameyoﬂ QFHB‘F greatsr than,
di sadvant ageq ng because it has weak disinfecting/oxidizing
properti’es, ecause it can be readily converted to sodi um

chlorite by conveﬂ'ﬂicomﬂmﬂalmg@%ﬂ@@éﬂam Yalue, avhichdegotes, hcpptagi time
converting ., Qf {.RJ %ﬁ& eoc&&éhmosh fmegeecrl Valh, Greftindhds S R
Fiitipled eac I 0

I
fromthe afo ns t t he process does not involve
the formati opublishéd,eforcénampiendn mhIHBbL@U@MQEcMAM FORNEOMPHIANCE WITH THEgn

see how t he ani on Q@Mﬂhﬁh@ R
that the 10 (i:%‘ﬁ?a'}o ﬁ@anl can UI’ICE:IOI’I ﬁe‘ﬁmgﬁgﬁﬁéﬁnﬁ&(;

transfeggi ng SURFAIE WATERGSOURKES, akaaler, Co AmeanemWodcseﬁskmattoe i Hence, by

These findings are CI’Ib I

of the react *3AVHE ﬁ% WB‘?\‘?%%’ c |ﬁ’§ caxx‘ﬁng@g@y&l(gé%m i |d(§°%‘(1:e ® a
- properly sel ggh@ét time in the con@aPavesseh cmbd rmddy ascecthined byrthr!salskﬂhﬂtm die m In
chlorite ion, the invento fo d that t t.e.of

adversel y af 12dgiign, {ose; "Carf ﬁ?r‘éaggtge 0 dﬁﬁgg%?ﬁtgtatbhe mf‘eéyl (s)er% “an él%er

by 15 a b%détx%éhﬁﬁid&ﬁﬁ&stpmﬁdwnenaﬁpduct sol ution. By maintaining the
pH of the reaction solutjon (il val ue of |ess, than.about .5 and/

by with&f awing at A EYBPATISOR HETResH, SIPlY Hamﬂsm&vamon acid, a YRRy SAOPRYIR 195
reaction vessghants hgmﬁﬁ&ﬁlesmt dfAVEMEriE ioth@gemet a1l othdraudtmtpradesies dor gtoaumgi

amount of chlorine dioxide produced could bhe incyeased bY a f.actor, of .ove
100, when chlorine dioxide are shown in Table 1. As Table 1 indicates, simply reacting the mgredlems

although requiring milder conditions and producing fewer undesirable by-products, still had

an unacceptably slow reaction rate and therefore produced a solution having a low

20 concentration qf chlorine dioxide.
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conpared to sinply m xing the aforenenti oned reactants.
an i nportant feature of the present
i nvol ve the use of free chlorine or
and does not
conpounds in &Elgogﬁct ion product conposition. This providesparmusoroist
y ‘accept abl e product. '

systemis reactive ang@gpiesicapabl

u Mor eover, chl

car ci-nogeng.

‘not ed above,

not
"manuf acturi

envi ronnent al

t reat nent
hydr ocar bo

ng process,

or oProeesscli d

20
i nvention i

As

s that it doe-s

chlorous acid in the

produce either of these

In addition,

free chlorine in
e of converting

L N apw

S \Pe:cfstlenﬁ

nore
a water

er aProgess seni Simple Mirig” H

any increa qﬁegmabﬁﬂperature algye 40ferr] G can He extrenely dangelrous.ﬂ
Thus, the [present RO R— ey St A e — e et
system whrise effd: wat er _wifl | beO9used {or 1 hunmanOconsufppt i orf.

Due to the i(.@@@h?a&io-i nstali | i tygof agpeous gol utijons qf s chlofine ¢y oxidg,
the presen S ret-hot—Hs—+ntented—to—be—car+ ' '

produced cfluse pfiRClgr Bi¥0de |pr odudt bei hg 0 ysed W3 hin A perifd of §120
hours, prefqlabd il N 12 hougs. Mgt preferablly, thg chlofine 44

di oxi de so "tsfélu.. SO ;1 othtrded—s—contatt cc'ﬁvem‘j—t—h—m-t—ef—aﬁ—mst— - |y
(e.g., wit iUse of Acetic Acid 0 0 0 0.8 1 '
WO 97/3093 F hiorine in the non €S ol

PCT/ US97/ 0 J;ﬁtéitzromm f qw hours?) affer its pr ocuctio?ln.c Thoge sl?."’i“l ed iffn
the art re ' agueous cnrprine droxrdesprutiom coulid

Uig:rrrze tat—an

remai 1 st alf IBE FOBGRMORE ¢ is M ntai hed uMder ircread® preps of
refrigerat - ' '
I Nncreases I INsChEorifiish §Salt) yef thejprodwat. THe inwentor [ urmibieal étas
found that [t he equi pnent .needed to préduce a 5 treat nent | quambag y o
one ton/ daj }R;CI?!ox{?uaonQO Np| SO'nHL' on ¢of C gserr] 1 by s}urpl y Mxing.d he
Cl10, formation yes yes yes yes
Corrosivity most severe severe severe less severe
15 Less Desirable Sodium most high high less
Products - -
Selectivity to ClO, comparable comparable comparable comparable.
Heat of reaction highest high mild low ﬂ
Severity of Reaction ~ Very Severe Severe Severe Mild
20 Conditions
Reaction Rate Relatively Modest Modest Slow
Fast
Continuous Operation Possible Possible Possible Possible
Single/Double Stage Single Double Double Single u
Simple mixing denotes mixing lactic and acetic acid together and then reacting them with an
25 aqueous solution of sodium chlorite. '

In an effort to fully understand the reaction kinetics and mechanisms involved in the
production of chlorine dioxide, a simple reaction was carried out using simple mixing of the
reactants in a storage tank. A storage tank was filled about three quarters full with make-up
water. The pH of the make-up water in the storage tank was adjusted to a pH of 2.8-3.5

30 with acetic acid. Then, lactic acid was added to the tank and mixed well. Sodium chlorite

then was added to the tank and mixed well.

28

The tank was then mixed at atmospheric



reactants together, is extrenely large and is not anenable to producing

chl ori ne di oxi de on- site. The present invention therefore provides
an efficient on-site, preferably portable, chl ori ne di oxi de
generation process and unit that is capable of providing a high

concentration of chlorine dioxide in a relatively shor c19|g ' f
tinme. 10 wo”’”’%&ny al kali nmetal salt of a chlorite ion céan %5/8215‘8 in

accordance w [réas&b Snf LSRR femperature taggwgg%@pcﬁg% ge qgrg%‘t%h&&m E@&Lﬁg@. ;m

reactions outlined above. Us tal sé
chl orite iononeday|thetank contained akpug F0Qhme(l| af chionine dinxides andreatid bavetbeen used -

Pref erably, gidigﬂfectantfoggqa\i}{e}*a%@iahﬁ oidﬁr 1 agent. The present

invention utilrzes are weak aci d syst®m of a hydroxy carboxylic 15
acid and a conpaniAsrcambe seentfeom viiable 2)dt took abait|2¢ howrscto achieve amaquietasd chloridea|

salt of chlorite . . on. Qughout, £ hi cripti.on, the .
expr essi %n, 'dPoé‘l“gt Solption %‘3('""1;?@366@&&%9 té'(ﬁ g@ dﬁiﬁ Echgroduce an aqyepus,chlorine
recogni zed i didxide sahition Tontainixizs,300 eep/ls UTe rate dith fortthisrsirhSiOlnsiking test igisHoka

| i ke. The organgi _ droxy.car ylig acid js,.inportant in that it
serves as a %@Fa’%y The ??%H&“’E Pgﬁ% g%’abse%"wn mﬁbl"g J&’Gcﬂl&‘i"ﬁb ratips and
ghl orine int etmehl 'tﬁLGesulﬁi afe 3lownGn) TABIH4. VB | \8ingOthessi %d&il,_r&etrghcgwn bﬁuﬂﬂraﬁ
y any particul ar theory, ig temporary transfer is believe t he
present inveft ef‘i?"l‘%%/ﬂ“é‘w"ﬁemm?‘; Bﬁﬁg&wmr&%ﬁ‘ﬁﬁﬁ?‘ﬁﬁo@@ﬁ%ﬁ- whi ch
permts the hydroxy carboxylic acid to performthe function w thout
substantially formng a salt with the alkali netal. Wile many hydroxy

.

car boxy}(?c acids generally are nor e TabletZ }“!tﬁzl??t?ri neral acids such as HC
and Herr]SJerr], the corrosive nature of mneral acids and the
extrenme care _required in handling such acids is 25 | argel y avoided b
the use of h : . yar ,c?r@ﬁlc a zoz Egﬁ ’1
formula R er§] or écrloﬁé%eint ’F%’ediatgi ity
above, can b ¢apd agegyi hoahg/Idhd prwyenty iqgwgntijon. R@sewi) can
be any | ower ich maylor nmy dot he sudbstituted,
Preferred orfjanpc hydrapgy @acizgseo n¢l ude butiyipigsshydr @gagscild, gl yggbyc
aci d, CH2( CCI]—I}CHZ ZH% , CHZ((tCI]—&&:H( OH) COOH, {l actic
di carboxyl i cflacfd po 210 (¢ cooH) 2; |c@¥a28 aci0L8Y| yconi c &3P8, and
mal i c agg d, fangbe} usemo A!h e3pssi ¢ | Boo 0.1104 ef ergfﬁ)q—,hi droxy gagpoxylic
acid is lactfjc aci . R%gre;entativ{a-lists ¢f hlydro y carbojfylic
20 12 38 21900 951 0.1998 0.1436 0.389

20 4700 19800 1120 0.2472 0.1850 0.373

24 5000 18600 1300 0.2629 0.2028 0.361
48 5700 | 15800 | 1500 0.2998 | 0.2510 0.332
96 6300

20

|
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WO 97/ 30931 :
PCT/ US97/ 02157 acids which can be used in the nethod of the present
invention are provided in, inter alia, U. S. Patent No. 5,091, 171
The acidity for the process of the present invention usually is provided by
an q‘;‘ign%gg conpani on acid. Preferably, the conpanigergdhgis 2
rel atively weak  organic acid. 5 This acid, |ike the hydroxy carboxylic
acid is not environnental |y detTabter3 Sdlectivity of ClO, conpared to strong
m neral acids such as HO and Herr]SJerr]. In addition, the use of an
organic acid, such as acetic acid is advantageous in that |arge
scal e userp=e et SRt N vioiviammcaaiv e vicim v e sic i 5
have been Juisi ng CilTanerthf) i n a d| | ute adelectivigci d sol it i ons. S@lecrivity -
~many potenfial users of the chlprine dio§g§e pr oduced accordrnﬁméo t he
present inyention 10 al ready| have storidge and handling facr ies for
organi ¢ corpantom acids SucIT as| acetic T FUrther nor e, 1t
conpanion fpcid is not easily repl aced b?ﬁgﬂgkronger hci d, such”as
hydrochl orff ¢ acid or 4sulfuric afid, becapgpgpovhen usi hg HO, the hydroxy
carboxyl i ¢f aci d woul d nof be capabl e of produging the required
chlordne ifptermediaté, R[err]CH ) COOH. 8970 t he case oft-18ul furic
acid, the fsulfuric agjd will coprbine wtgzggdiumchldrite to grggduce 15
sodi um sulffate which 1s an undegirabl e bg product sakt which nust be
removed fripm the 20 product]sol uti on8-A8y organi ¢ acid of 3t1fe general
formul a RZCOOH and whi ch does npt ghlggerfere with the fgrggation of !
the chlorifpe intermedi ate or dogs not react with thejsodi um chlori
to produce] L be used8&660rd|ng t ¢ the preééﬁt
i nvention. arrl _can =halld . - il e "
substi t ut ed. Cbnpanlon aci ds such as acetlc 20 acid are preferred

In syptens generghlels knowﬁctkﬁhadﬁndmﬂ&feﬁﬁmnéswunts of salts
usual ly Nad or sodi um )

undesi rab#® salts ca

present pr fal uht s, 3 nd s

produced t Qﬁm 1&3 dé@él(’zao &leﬁlc ar{Cloéldg i hea) ro uctl

sodium sul fates is lavoided. Ifp additi on, wWimg/E leal ptagllided b

processes pre 25 generallvitraoubl esanke he sadilum-chloratel nroducec

according fo the pr esemsogaverhti on is . -350.00
4 " 0.08467 400 -800.00 0
6 0.11637 3.337 300 : -267.67 404.5

15 12 0.17351 3.995 183  -262.50 23.7

20 0.23737 4.196 113 -300.00 21.1
24 0.26881 3.846 75 -116.66 45.0
48 0.36075 3.800 29.2 8.3 ﬁ

From the product ratios and differential results set forth in Table 4, the graphs set

20 forth in Figures 2-7 were constructed and used to correlate with mathematical reaction rate
equations described in more detail below.

An equilibrium reaction rate for the simple mixing test was modeled using the

following reaction rate:
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somewhat beneficial, in that it has weak disinfecting/oxidizing
capabilities. Furthernore, the sodi um chl orate can be converted
back into sodiumchlorite by, for exanple, a reconstitution

reaction. Those skilled in the art are capable of converting sodi um

chlorate to sogdi}jy¥sges; chlorite. 30 The anount pofrussaiossrs?
usual |y used corresponds generally to the anount of water typically
present in conventional hydroxy carboxykic acid solutions and conpanion
acid sol utions. For exanphg,= hyd-‘rexg(Cga-r IGQQ i c acids such as

| actic acid are commercially

21 WO 97/ 30931

PCT/ US97/ 02157 avai l abl e as an 88% solution of lactic acid (i.e.,
88% lactic acid and 12% water, by weight). . Ostensibly, the anmount of

water typically included in the acid solution is within the range of

from about 4yhGe 3BONtrederioh FRE fz,hgloet al amount of acid, by weight,
preferably, from about to about 6. 5, and nost preferably, about 6

ti mes. Hence, th&ﬁdb@i’#@‘h&ﬂt%i‘:%ﬂto inthe 5 acid solution usually is "

~within the range ofisfhORabarkkof dfcidpout 7, and nost preferably
about 6. The armun’tl“‘f’1 the co S ani onégm d is usually added in an anount

sufficient to Ca. « inthedéquili eencearationADEIe. |1 n accordance with an
enbodi nt o) he . re concentrated acid solution can
AL

be used and can e reactor either continuously, or
|ncrenentally over tine. The aqueous acid solution can be concentrated by

ei ther adding.l0 e ;oRAd) LANA!ordRIiO" RiuBlEh Sl Iy e IR e baltRhRH, By

Preferably, aci £ron contarns wat
i n an anount intdgrating Mhedymationwih timit3 05 Q) (ieitial tonceratagion afiCIOL) toFIAahe fbllowing

by weight, and nore preferably, about 3 tinmes. Accordingly, to concentrate
t he aqueous &HHagon wa obrained:

In (————C“ _ C“"") = k't

Cio - CA,eq

where k’ =£,the pseudo-rate constant
o

To plot this equation, the values of C,g, and of C, ., for ClO, needed to be
10 calculated. C,, was calculated from the data to be 0.397 mol/L (26,800 mg/L). The value
of C, ., was extrapolated from the data to be 0.225 mol/L (15,200 mg/L). The integral plot
of the data and the resulting regression are shown in Figure 8. The value obtained for k’
was -00.03366. :
To calculate the actual rate constant and reaction order, a differential plot was used.
15 In Figure 9, dC/dt for the ClO, (i.e., how much ClO, was consumed per unit time) was
calculated from the data was compared with that obtained from the rate equation. Using k
= o(-0.03366), the value of o was adjusted until the best fit was seen. The resulting order
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solution, the water to acid ratio usually is within the range of from about
1.5 to about 3.5, and preferably about 3. 15 ~ In preferred
enbodi ments of the present invention, the process is carried out

conti nuously whereby product solution is continuously w thdrawn fromthe
reactor. ANy waqoyseesf €actor can be used to react the aqueous pggiudefgdistt i On
and the alkali netal salt of a chlorite ion. Preferably, the reactor
is select edxaa%rﬁﬂiluﬁtdlbdlatd.waﬁﬂl&hestbﬂwspdndm k?té&ﬁﬁlitﬁh,wﬁs hbdud-010374. TIE: rate
reactor, and a, plu ow reactor. e prefera , the reactor can be
terrperaturéq%'r‘?gr”b‘fq? Clbdvu ga”’b’ﬁéfﬂg&ﬁﬁé%ﬂm@gﬁbr in a water bath that
can be maintained at a given tengger-atQip874L-0.225°°. external heating and
cool i ng devi ces. Any nechani ?mfor gont rolling the tenperature of the

reactor can be By e Plgsramdcditferentalplpbpnown were for the reactign 0fi KOs
react of i s ppyviriver, ablshiow i @Y Askaifbr ﬁi@%lid?ﬁléiﬁﬂﬁlg'ték}%‘? m.ef By n&CIbL G0 ®YEOUS

acid solution is reacted wiwth an alkali netal "salt o chlorite fon in“a

t ube. Genemesinpt on ad:bbasis, apqthe fingl Fasio; baspdoon the matasial balapagt wassabbat LOSTB. t o

“provide engygh, date54 s ﬁx%xﬁ%\r}élﬂd W&e?ﬂ?&h@f CI10 ‘.mctedtﬁ(?ﬁ%%l{gﬁ #ﬁggﬁﬁé

the ingredients given the rate o e reaction so

t enper at ur equdtionHe desermrine Theoamounti 0f £40; praducedaras shownchelawl e Thé msdiingi ng

B S ot® (A sod concentr BATIAL £ ERS, oA SR dnG AMlpdtEl 16'bd 3T,

present ed herern. I cu pre reacto
used 1® nmake a Hhe ttelmh a; oepesants dgu oo dte rdonsandi fox | QO, g anéd rvedsocaltudated 30

tenperature_co tr?I Iﬂgadf hubul ar r‘eoa(_:tor contai ning one or nore coils mde
of, for ex& ng 10 the 1010WHE, GRUBat ed pol yet hyl ene tubi ngs, whereby the
coil(s) total about 150 to about 200 feet in | engt h, whereby each
coil (s) can have an internal volune of about 500 ml. The total reactor

22 WO 97/ 30931 r, = 0.573k(C-C,)"
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Figure 12 demonstrates that the resulting concentrations from the rate expression were
close to the data. The values in the differential plot of Figure 11, however, underestimated
the reaction rate at early time intervals. While not intending to be bound by any theory, the

15 inventor believed that this occurred because the ratio of reacted Cl0O,:ClO, for the first few
data points was close to 1:1 and then changed throughout the reaction.

Based on the reaction data and findings above, 3 reactor configurations, a continuous
stirred reactor (CSTR), a plug flow reaction (PFR) and 2 CSTR’s in series were designed
to have the capacity to produce one ton of an aqueous solution containing 5000 mg/L of C10,

20 in one day. Schematics of these reactor systems are shown in Figs. 13, 14, and 15. The

sizing necessary to achieve such a concentration can be shown bejow.
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vol une in this advantageous enbodi nent is about 1,500 ml. Those skilled in
the art are capabl e of varying the size and shape of the reactor
dependi ng on the anmount of aqueous chl orine di oxide to be produced,
+the flowrate of reactants, the pH of the aqueous reaction

~solution, the R‘i? ?J,gle pr oduct solution and the tenperature opctbsHrn2157
reactor. Those in the art also are capable of nodifying the
tenperature of the reactor. TableSa Reactor sifing forsinglecCSTRNe al so can be

varled in ac Ll e DI CSOLLltl) "_"'_ —TaTes ——— = - TN a T = T

bat ch reactijpn can lieﬁé‘tﬁr BizgaCe whgreby afpe@a Rawedi ven peri od mfadet BRiet he
reactants are wthdrawn firomthe reactor or g portion of the
reactants arf withdra@Dperiodicdl | Wht FFaCtlon solutionhe case dPn/éaX:é?kll nUOUS
reactor, the OVf-e-25—8 e R S 0
reaction sol tion and 59Be sol utlgn contal Bﬂrﬁg t he al aI| rretal(lﬁ&lt of a
Ch|OI’ItG‘5I0n can be varijed as vveIJcasther Jt e at ¢\9§2the

pr oduct sol ulion is V\n%%drawnfrcmthe rea P | deal t he fastjer

~the reactionff the noreseproduct prijoduced imd.2 given pgriod. Pregbesably, |
the reactionftine is within the rfange of fégm about 15 ante(S,l about 48

hours, nore i p erably, lless than hours, gnd nost erably, fin
the case of Hsing a cagbhi nuous 15 procqa® the regidence tgng7in the
reactor can pe about 45 m nutes, land even as | ow as gbout
ni nut es. | 300The apparat us of tﬁéz present |inventi o®38&neral |y
i ncl'ud theapproprl b devices fand 5.5 mechani gns for cggsyi ng out

an

t he methods flescri bed above. The |appar at us ':@ipl cal ly i ncl udes
aci d storagefitank and680chl orite |storage B8 whereby an aqueb@¥2acid
solution is fletained ¥o in thg acid stagage tank, [(the aqupgue acid

sol ution bei g the sane aqueous gcid sol ution descri bed above), 4gnd
a solution of an al kal®0tetal sallt of a clBSHite ionlare storb@86n the
chlorite sto L_,‘,A_f,____,,___L._‘L_,:___H____::!,____.Lﬁ:_-:k.__:,::’,.,_____.,_,-_:_:A:,#- - WaVaVa 3 2 VW
appropriate ingredients to the storage tanks and to w t hdraw

solutions therefrom Pr ef'fﬂﬂb|5}j REREG sizing for tWECBTER?SiSserigs | ude punps and

feed lines spfficient t _ _

sol uti andfsol ut igang 0&;.al kal i et al 2@8 f a chljoriteg, ctm
skilled™n the art "can rdadi |y determne an gdequate size Tor th
respective sforage t(galkeachf eed | ijned/bnteapticmpsolution abf/day s¢the

requi site fegpd—tat-8s—of—sactahi—tsoltiiors—tre—r—agsous—aci-d—soluti-on—4gnd

sol ution of arppal kali netlal salt Gﬂga chloritle ion). @989
particul arl yjpreferred_enbodi nent} of the i nvgntion includes two
punps (one fgr the aqg us acid dolution ahf the othdr for tHh

sol uti on of
the same | ev
20

he al kal isgretal saltj of a chlggite ion) |that opepass at abo
|, for exanygl e at abqut_ 20 to about 30 cc/ mn.
100 18.5 9.490

200 37.1 0.980
300 55.6 1.469
1400 - 74.2 1.959
500 92.7 2.449
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PCT/ US97/ 02157 The apparatus further includes a nechani sm
for m xing the agqueous acid solution and t he sol ution containing
~the alkali netal salt of a chlorite ion to provide an aqueous reaction

sol ution. Anxwgggg@g{sn1that adequatel y m xes the af orementi ggfysaahdks ons
can be used, ~~tncluding conventional tees or other joints that

conbi ne two streans i nrapRBR R&tdr #4npifor ASingle plug Mow r&ftotse of a stirred

vessel. A particular preferred nechanismfor mxing includes a tee
articu al Prefellel NECHAI I
D

“followed b gl assgk The agueous 4r eact.ron

 sol ution, | hen caﬁ" d to ajreacti g&gt& .
Any reactoff that is(gdpabl e of [ef ftirireaptivhaolationt i gn bet werwdayt sutn aqueo {S
aci d sol utillan and the al kali neta 3 of A chlarite ion can bd

used inclugi ng, contagpuous stirjred reactzrg, 10 $inpl e tangey pl ug-f Iow
~reactors afld tubul ar _reactors. |A tubul ar _reactor isjparticul arl

prefer? ed. jAdvant age3§|sl y, the Jreactor i 3% enperatufe cont rd?-p%% by any
~mechani sm gapable s of ngi ntai ni nggtshe reacti on tenpergj4ye at a

. given valug. Those skilled in tihe art are famliar w th various
“tenperaturd control | reactors] and can He@ign a suift abl e rdh34%r. gi ven |t he
~obj ectivesfland gui dejggnes provijded hereigs gl n additijon, refegj e can bg

made to any 15 avai l abl e reff erence manual such #&s Perry & Chilton's

CHEM CAL ENG NEERS 39ONDBOCK, 5t3.%5d., MG qw Hi ||, 110266, (1973).
Prefegably}l the reac Is a tupul ar reagt@r of abofyit 150 to 20¢
f eet |i6; | elgth in aé/\%lt’er bat h, V\herebyaﬁig t ubul ar {react or 1|'%6800i led |

wi t hin thejwater 500 bath. |In additi@®8 the readtor prefefHbly is
mai nt ai ned L__-,A__-_ee-_-_;_,_ reof Bbhout 40C and 1| orovides 3 rosidende
time of about 45 m nutes. 20 A product solution is w thdrawn

from the react oradandR%esERHAThe Mofeidbbfeddbbles, the reactor sizes required to produce

one ton of an aqueous solution containing 5,000 mg/1 of chlorine dioxide are quite large.

Significantly reducing the time for the reaction and significantly increasing the concentration
15 of chlorine dioxide, as the present inventor has done, will result in a dramatic decrease in
reactor sizing thereby enabling a portable on-site aqueous chlorine dioxide generation system.
Understanding the reaction kinetics of the simple mixing test described above
permitted the inventor to devise the reaction sequence (equations R14-R20), and to find, quite
unexpectedly, that not only was the reaction sequence dramatically different from the
20 .sequences reported in the prior art, but also that a nearly 100 fold increase in chlorine
dioxide production could be achieved by maintaining the pH of the reaction solution to a
value less than about 5, and by withdrawing at least a portion of the product solution during

the reaction.
The present invention now will be explained in more detail by reference to the non-

25 limiting examples that follow.

EXAMPLE 1
The ingredients listed in Table 6 below were fed to a continuous stitred batch reactor
at ambient temperature and pressure, and were reacted for a period of time, whereby samples

were taken after six hours.
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wi t hdrawi ng an aqueous solution froma reactor. Preferably, the reaction is
carried out continuously, and product solution is continuously
wi t hdrawn fromthe reactor. After exiting the reactor, the product

- solution can either be used directly, or it can be treated further by
stripping and %%ﬁ“lon For exanple, the product solution capchesémdiszo a
stripper which I'ncl udes a gas-liquid inlet line, a liquid outlet and
a gas outlet. Preferably, the product Table 6 sol ution is contacted with a
gas (such as nitrogen, argon or air) and fed to the stripper,

usual |y at (—- Fet-torr e et S S P ar WL e T T gur O pr 8sernt 111 1
stripper. Th§ |iquBdé glevel in N#&lOatripper can be maintai ned by
setting the eveI of2 the |iqmld out| etLictineAcidhose skilled in the
art are capalpl e of 1dgsi gni ngmh sw tablMlcrACquer gi ven the objectives and
30 gui defftrmes resentea ner
24° 5 i aClQyy ;sg}y 10 ml water
PCT/ US97/ 02137 A‘:‘ds are Pl‘“’"d mnf) mIWAIET i s capabl e of wit hdrawi ng t he
stripped profluct s&joyere8n and pr oduct ngg fromthe stripper can be
used in accodancepﬁ th the present nt| Product sol ution
preferably i § w t hdf9WRefrom the strl a_punp_ wherehy the punp is
operategoat S !feﬁmthat S conpatl bk with the feed rate of the
combi ned” product so Ion and gas, which 5 is fed to the stripper via
t he gas- |‘I quid feeqnbl2 ne. In one enbodg’rgg@tmgg_ punp is enpl o.yed
354 mg '
ClOy 33,333 mg/L
' 3,067 mg
15 In accordance with this embodiment, approximately 3,853 mg/L of ClO, was
produced over a period of only six hours.
EXAMPLE 2
As demonstrated in the above reaction equations (R14-R20), and as discovered by the
present inventor, maintaining the acidity of the reaction solution plays an important role in
20 providing an agueous solution containing a high concentration of chlorine dioxide. This is
supported by the trends displayed in Figures 16 and 21. This example therefore will study
the effects of the pH on the production of chlorine dioxide, as well as the effects of adding
more concentrated acid solutions either initially or incrementally.
Fig. 16 illustrates the effects of pH on time with initial charging of the acid reaction
25 solution (the unbroken curved line to the upper left) as compared to incremental loading (the

broken curved line to the lower right). It can be seen from FIG. 16 that incremental loading
of the acid reaction solution will provide a lower pH and enable maintaining the pH at a
lower value throughout the reaction. FIG. 21 shows a plot of both the ClO, production rate
and the pH change as functions of time, as measured using the results of the simple mixing
30 test discussed above. As seen from FIG. 21, the reaction rate decreases sharply with
increasing time, even when the concentration of the reactants is near its initial strength.

Figure 21 also shows that pH increases in time, in particular, the increase in pH is very fast.

35



to withdraw the stripped product solution which effects a flow rate of

about 50 to about 60 cc/mn, and the gas is mxed with the product
solution at a flow rate of about 500 to about 1,500. cc/ mn,
preferably at about 1,000 cc/m n. The stripped product

solution the ?J(}opﬁ sent to a storage tank, or recycl ed to pdywusb92157
reactor. The product gas that is renoved fromthe stripper then can be fed

to an absogp#ificantly, the shik @échéabé itrthy reatiicn ratecsibstintiplly overlaps ticshatpeinéreaket 0 a
condenser to condense any unreacted acid that may be present in the
product ga#? thﬂ\ri’}'l-rnechani sm for condensing unreacted acid can be used
i n accordance wohhind BRis PRk fBing@ e inventsKiduhe that First dder Fate @RprésstorOis
designing a sui tabl e condenser to effect the required separation. |f
a condensedeveioped cusing: the simplsy mybeing dest, W5 it @8equais: Ecﬂ’rﬂcﬁ\jmﬁgé “F@ﬁg%éhet he
condenser |.§.f ' : o i ioF ihQbasi i. &Rk t he
produc%tS gag&fz Isl&?gggd@iré etg?%ﬁ?g{gtrr%&lggslg?ggr%ﬁ%ﬁéa&l asmg.pH{he at_so?glegr

pr ef er abl y hydrohiwge dom copeentratipn; ¢e¢ FHguationsR14 and Rd 7yt The inventer devised thequi d
outlet |ine.,, Befor ' [, L t ' ' re%%ﬁ:o

pr oduct gag"lor‘fdn?ﬂegﬁﬁ‘%ﬁﬂ%F toﬁg{gggr.a eﬂ?@tﬁ%ﬂéﬁi\ﬁ:@%&%ﬁ{iﬁgﬁb&gﬂagm élre
it is spar gmdhayisos invelved:qui d present in the 20 absorber. As with the
stripper, the liquid level in the absorber can be maintained by setting

the level of the liquid outlet line. Any nechani sm capable of w thdraw ng
liquid fromthe absor ber cryp, be kiGge6Ca+ W t hdraw the liquid from

t he absorber and any nechani sm capabl e of feeding water to the

- product gas can be used. Preferably, punps are enployed to transfer

the rfppectyhsfe AgYaOMe raelof Glofprodadibnin gl /hrand elie®!sydendtedheconoemmtiansof
operated at the same 25 , rate. In this enbodi nent, the absorber should be
charged wi tthe subscrigted spscies il 8dnount of aqueous medi um prior to
operation. |n a qaht iegpressidny indicales, dsatic eelda6h fiime tindyasts) awo Tuaoisi asmely the

the punps that feed the water to the product gﬁ?s éfp‘&) hlorjne., . .

di oxi de- cordepletiom gf Frastant (sgdium chiorite).and fbr depletion ofthe hydrogiugy qn {inerease, in

aqueous chlypy ggﬁ, Eoritribite 18 The!BeREhsé iR thd R@CHIS fitd e For example, @p&rdibg tatthe
about 200 to out 225 cc/mn. 30 &t her enbodi ment s, of e

appar 8§ us cimplremixing fast dnsarived ahpve, B SQbewr: Hredcanientrtion of s°di‘m_‘ Fhloritg
bel ow by f%@&g%geﬁm il VHRuB o 916128080 461 647RAEN.6E 53. 518" of s riginal

enbodi ment, a . . . .
' value, whereas the H* ion concentration dropped to 12.6% of its original concentration. By

multiplying these two percentages, 2 value of about 6.7% of the initial reaction rate is

obtained at 30 hours. This predicted value for the C1O, production rate corresponded very

20 closely to the experimentally obtained value. Decreasing the rate to a value of about 6.7%,

as occurred in the simple mixing test, however, is unacceptable from a2 commercial
standpoint.

In an effort to decrease the substantial reduction in the reaction rate, the inventor

undertook several experiments to study the effect of the reactant concentration and hydronium

25 jon concentration on the reaction. In each of the following experiments, the total amount of

acid and reactants were kept constant, but either all of the acid was loaded initially, or was

loaded incrementally. The experiments were carrie(_i out in a batch mode according to the

conditions of Example 1.
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PCT/ US97/ 02157 (preferably nitrogen or argon) contacts the agueous
acid solution prior to its mxture with the sol ution containing the
al kali metal salt of a chlorite ion to provide an acid gas. The acid

gas then is bugjgggwsqrough t he reactor whereby the acid entr aarasetoeishe
gas is absorbedn t he aqueous reaction solution. The apparatus of

the inventiopydhpge ghore would include a 5 stripper after the acid
storage tank, or e acid storage tank woul.d have an i.nl et égtgs f eed ltiﬂﬁq
SR b h o

and an outlet gasAbas@Op mief reacians; &e , therotipeAmqun was chageed,

mechani sm Wﬁ%&ﬁ: RACAR fuRetid\6f @Aé dnd ASshowidn Fgiirk 16. t he spent
gas. Those sglﬂﬂél I ™ the ar'? are capabl e of designing strippers,
storage tanks and reactors capable of carrying out the

af orement i ongd, @E%d usi ng the objectives and gui del i nes provided herein.

10 addi tional enbodi ment of the invention, the apparatus
may inclsude, in pTbeee different loadingsiaf 200 m} ¢ach at eachitivgm iferyaln 4161 S0P ml{@t=0)
absor ber, a = ObRin @P-L—K For &% 600 ml in 6 hoursPr €f erably, a

t wo- st age cou@n#(tédrr%lgé?%g)t g"cont ag: or jFs ste l\?ﬁareby product sol ution
emanat i ng fromthe reactor is contacted with gas (nitrogen; argon

or air) in a first, stage to_provid [ r ' nd
a pr odajct gas. Th %t‘??‘ﬁ%d P"é'&%c& gi(’)‘?ﬁ?llegn ﬁd;elgrll g@ﬁ&%’g %%ﬁt%i?al %%8@1@2
st orage and/ eéncefieationa theos hixk 6 thear marks. TAt4 oursu the rgactiongnixpue 06 Exaraple 2a
second cont agt or wher e .1 1 S.CQut | C. [ er
with an aqueB¥sa 3 Eﬂﬂcmogé’?éai@rmim’%}m%%%(;wep}reg‘\:/tl?o elgggri}hg(?ﬁéﬁé&gg%h or I ne
di oxi dejgsol Ui, Bétitetedtion i R[670@i/LarTiisisparticularly remarkable when considéring that
i nvention further inc] udes_rretp ds and appar at g%&for t eatigg wat er _or th
wast ewat er  the mean [gsideRog, time, @ g’ﬁd’&ﬁﬁ’é’ng XBiee oF Expugple p2 Wi 4 Py, Mhereas the
contact ed W tfah BRidtALEHimE forike inbddred ExBmple2d was 3 KOUiS Ocd., ¥ BslS 6f the reactants

Advant ageously, the contact vessel is sealed and operated at atnospheric
pressure. Théorchhewrs and ghesetherhalf 198 2088t ed at | ess t han at mospheric

pressure when theay e si ho‘ﬁ??ﬁfnt,t fBe Reactibf Fhiktire 0 ExBmpR2ERAdSa ¢hacefitriton of
di oxi de solution are fed to the bottom of_ the cont act ves_seipégn&o
S

the trebted ReA08rmgA, vdhiis\ibe reagtion miurg i dixample 2 hadp GlQe conormtzation,p
Any cont act el Fﬁ?%%ﬁﬁe&%fﬁﬁé of $he" PALAGE miRhie 8 Exh@pleed £ vat & Riurs,

treated and e aqueous chlorine dioxide solution can be used in the
present i nvemthersas thehmean rekidencedime of the reaction grixtwre of Exayaple 2b wasanly f dours
contact time n the ot eé@ﬁ{ WRYA ¥4/ nélfe0 S HAGe D ird for 2 hours).
particul ar cé’hf’a%ﬁ nan?&tig{mﬁhs §e ‘Tenpved andlor reduced. I'n _accordan%:e
with the nmethod, A plotofpH vs. time for Example 2b is shown in Figure 16. As Figure 16 shows,

20  the single loading of Example 2a reached a higher level of pH much faster than the triple
loading Example 2b. At every staged loading of Example 2b, the pH of the system was
reduced to a lower level, and its increase thereafter was substantially the same as the initial
loading of Example 2a.

The reaction characteristics of Examples 2a and 2b were consistent with the inventor’s

25 belief that inhibition reactions take place and that the original proposed first order reaction

~ rate was not entirely accurate. Above a certain pH level, the reaction rate becomes almost
negligible, or put another way, the reaction takes place only with fresh reactants and at an -

early stage.
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an operator determ nes the concentration of the chlorine dioxide in the
aqueous chl ori ne di oxi de solution and based on that val ue,

determ nes the contact tine to effect the required 30 purification. For
exanple, if the water to be treated contains about 1,000 CFU 100m of

fecal coli fo%gg&qlit must be reduced to a value of |ess thaRrae9diis?

CFU/ 100m to the requisite safety criteria for that particul ar

area, then the @[l gkahpleana a68 bl dheidvBRosOWeRCilso able to confirm that the total
26 VIO 97/ 30931

PCT/ US97/ Olgngsh of reactant cqnfaghtips iy Ratas mpertany as the ime, uodes the. prpferred gopditions, o
requisite ﬁ&.'ePWoGJ@E Blefitabi§ beidw U, ds'd@adrfdd above. and aqueous chlorine

di oxi de sol ut’i on tﬁgh can be adjusted so that, depending on the size of

the contact vesBastd onpthe reaiigngnechanisms aad equagiony Brsh prapefesiandihe experiments; he
chl oricne diQxi - IO M I | A hdebseddiCmbaty o]
be treat eMﬂ?%Wo?%&@%ﬁ'&ggye%%tér tﬁggndgp_“ﬁgrh%%c% %‘%ees. # of
The cont ac4cidityymndsheahéed fosmaipisinetherneacior pHarelgtively| low, foran errtegdedb period of
contact tipe .. ... Ltipli L hg C ' L% mtratd qn. ydhese
CT val ues,re8?u°§'t URGar g,degérrig@g 'm(m}" &Jeb%pgﬁéggﬁ ?llgfr%gggr%% e,ﬁi r?lEl tahé&gé)

GUI DANCE Mok aFfPRaCaIVBRIOWMCE W TH THE FI LTRATI ON AND DI SI NFECTI ON

S RS § U o R IR E A RO ATER SRR o
degr q@ of @rdcti6mtdalNbe)aBele decarditigt fee tieo presenyr dvensiomf a triventeh | off preferred
O pipegs <SRBT R S o e S5 B S it o
in the artempligensMdudel ()lethdil 0@ ancimt bAarr Prestmdh thesqrRbus sdid geattich
obj ect Vesso%]t(ijon? l;}n(ij %ili)i irxlxgrseagurlgmtﬂe a(;"r(xjourx]l(ta E)? iacgd used in the reaction. Water is believed to
have a dual purpose in the production of chlorine dioxide, i.e., as a reaction medium and as
15 a product storage medium. Howcvef. a large amount of water can be detrimental due to its
requirement for a largé reactor and the inflexibility in pH control and adjustment when large
amounts are used.
Several experiments were conducted by reducing the amount of water used in
Example 1 by one half. These results are shown in Tables 7 and 17. As the results in Table
20 7 demonstrate, even in a batch mode where the product was also accumulated in the reactor,
it took only .6 hours to achieve a product concentration of 7,853 mg C10,/L. when the amount
of water was reduced to one-half of its initial volume. Hence, over 1 1/2 times the
concentration .o_f chlorine dioxide was achieved in 1/4 of the time, when compared to the
simple mixing test described above (i.e., nearly a 6 fold increase). Table 17 demonstrates

25 the increase in production by using reduced amounts of water in continuous reaction systems,

and using various reaction lengths, which are discussed more fully below.
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15 A conparison between sinply m xi-ng a conpanion acid, a

hydr oxy carboxylic acid and an alkali netal salt of a chlorite ion
t oget her and ot her known processes for producing chl ori ne di oxi de
are shown in Table 1. As Table 1 indicates, sinply reacting the

I ngredients, 097 &yt hough requiring mlder conditions and iAo /6rdsT
fewer undesirable g@-products, still had an unacceptably sl ow
reaction rate and therefore produced a spamleffon having a | ow 20

concentrati O.%* ——
27

3.05 g NaCl0,
2 ml _ Lactic Acid
10 ml Acetic Acid
5 | NaClQ, is dissolved in 10 ml water
Acids are placed in 35 ml water
" Covered
pH 3
Volume 57 ml
10 Temp ' 22°C
Sample Time 6 hrs
Final pH 3.5
Clo, 7,853 mg/L
448 mg
15 Clo, 32,708 mg/L
1,864 mg '

Several experiments also were conducted by approximately doubling the amount of

acid normally used in the embodiment according to Example 1. These results are shown in

- Table 8 below. As the results in the Table 8 demonstrate, the yield even in a batch operation

20 at 22°C took only 6 hours to reach 4,829 mg CIO,/L, whereas in the sir.nple mixing test, it
took 24 hours to reach 5000 mg C10,/L, (i.e., nearly a 4 fold increasc).

_ Table 8
3.06 g NaClO,
. 4 ml Lactic Acid
25 21 ml Acetic Acid

‘NaCl0, is dissolved in 10 ml water
Acids are placed in 70 m] water

Covered
pH 2.7
30 Volume 105 mi .
Sample Time 6 hrs _ I
Cl0, _ 4,824 mg/L :
507 mg

ClO0, 19,543 mg/L

" 35 2,056 mg
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Process 1 Process 2 - Process 3 Si mpl e M xi ng '

Use of Nad Jerr] 1.25 1 : 1

1 & [err] 0 PET/USI02157

0 %’7%?5’9 Use of Nadl O 0

g Redgcﬁg'the amount of watgr gl theSaqueous readtof sgfutfdﬁ)&ﬂ itdred siﬂgsﬁ%er r]
: Use o

Lacti c Aci&mnount of both acigs have the affect of keeping the reaction solution ap a low pH for a

0.5 prolonk@c?axﬁf)mﬁ%?hhﬁ s0as ﬂ) provide a sufficiéft concentration of hydroniffm ions, thus

0 Free chlorine in the none

yes allowing therrgqxpéxon to proceed at anringxpectedly faster rate 5 Using either approach, ey j n

Enh(ran Egﬁcg?t[moum of water is/§cherally present in an ambfifit within the range of frotff 3bout 1.5 to 3.5

none times thsi@ial ﬁmom;tqf@md( by Iwejght, and mosecpreferably, about 3 timeg.es

%g?\e Wﬁgﬁ%({ule C\)wr%uch is partlcularly prefer%erc]i efor providing and mamyt%mmS g alow

yes PH in the reaution mixture is the us€loffanracid prowasht i Amacid prewash is defised herein

yes

pst sever® the steps XF éw%an inert carrier ggg, es\lllgh gs nitrogen, 15{0 @gmétg&gp ct \Tgl the
Less 10esi r sjuecusaeil sotation, (the acidsdlution in this contexincayitains either the hydroky girboxylic

Icgfns) ar abl e¢id, the 8&%&%&%} é(:Id or botha 5\’\935 Qq;{ btb¥mg the gaqtﬁrouéh the acid soRMHOR t3 gole
produce an acid gas, whereby the acid gas subsequently contacts the reaction solution, which
contains both acids and the alkali metal salt of a chlorite ion, by bubbling it through the
reaction solution. In this embodiment, it is preferred to use relatively volatile acids that are

15 capable of being entrained in an inert gas. "

A preferred aqueous acid solution is an acetic acid solution. As used herein, an inert
gas is defined as a gas which substantially does not take part in the chlorine dioxide
production reaction and more preferably does not take part at all. Preferred gases include
nitrogen, carbon dioxide, argon, and even air. An especially preferred inert gas is nitrogen.

20 A volatile acid is defined herein as an acid which due to its high vapor presshre can be
readily transferred to (i.e., entrained with) the gaseous phase under ambient or slightly above
ambient conditions. The acid gas then is brought into intimate contact with the reaction
solution, where the acid is transported back into solution, dﬁe to the mass transfer driving
force. Using the acid pre-wash mechanism, the acid can be added to the reactor

25 incrementally, thereby maintaining the pH at a low value, preferably below 4. The volatile
acid concentration in the acid wash solution can be varied within wide limits. Those skilled
in the art are capable of altering the temperature, concentration of volatile acid and flow rate
of inert gas to provide for an adequate concentration which will enable suitable pH control,
given the guidelines provided herein.

30 The effect on the pH of an aqueous reaction solution by using an actd pre-wash was
investigated and the re-ults are presented in Table 9. As Table 9 indicates, the initial pH of
the reactor was 2.9 and the final pH was 3.3, whereas the initial pH of the acid pre-wash
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Heat of reaction hi ghest hi gh il d

| ow Severity of Reaction Very Severe Severe

Sever e MIld 20 Condi ti ons Reaction Rate

Rel atively .Modest Modest Sl ow

Fast w@ﬁ{gbﬁ yous Operation Possi bl e PogcSintida02157
Possi bl e 0SSi bl e Si ngl e/ Doubl e St age Si ngl e
Doubl e solutionDRRHR2E2S5 and the final PHN@ae 2.5. Thus, acid pre-washi h@ ehenttfecrgof

denotes mxing lagtic a etlc .aci d together an n r.eact them w th
an 25 mdintating, e 5, of 6 FEACHER SOIGHH § FAOER POYSH REOvides Suehéidnr Bydrbnton
In an effor tmh.@f&tkhé ProdBSRirSSEOID, b PréRed hi aifledonbRidallp feuaibld TR 8 hisd® 5,626
involved in th production of chlorine d| oxi de,_ a si rxT’Pel e reaction

was carried IGE"LL’%‘PW@ smiﬂ’@“"n?% ecopIparsddo the 5,000 mg/L achisyrdaatics, 24 hoprs;thafe
‘tank. St or@gieachfRkd WPfhelsithple nigligttbstt hree quarters full with make-up

wat er. The pH of the nake-up water 'in the storage tank was adjusted to a pH

of 2..8-3.5 30 with acetic acid. ThEsblePactic acid was added to the
t ank and m xed wel |l . Sodium chlori te t hen was added to the tank
ggd m xed wel | . Wﬁro&@ﬂ'ﬁd@ﬁxﬁé}ﬁﬂenm xed at atnospheric
Acid Wash o
Nitrogen Flow rate 12 cc/min
10 Sampling Time 6 hours
#m 31
Type Reaction ClO, Total C10, Total Initial Final T
. Volume (mL) (mg/L) (mg) {mg/L) (mg) pH pH
Acid Wash 200 - - - - 2.25 25
Reactor 200 4,021.67 804.33 23.125.00 | 4,625.00 2.9 3.3
Trap #1 1.000 31033 31033 - 4.4
15 Trap #2 1.000 15.83 15.83 - 4.6
Total 5.652.50 1,130.50 i

Reactor Equivalent CI0;, = 5,653 mg/L.

According to one preferred embodiment, the effect of doubling the amount of
companion acid while at the same reacting the solution at an elevated temperature of 40°C
20  was observed in a batch reaction. According to this embodiment, a chlorine dioxide |
concentration of 5,637 mg/L resulted after only 3 hours of reaction time, which represents
. over an 8 fold increase in chlorine dioxide production.
While the techniques for controlling pH described above are preferred, other
techniques known in the art for achieving the same pH lowering effect can also be used

25 according to the present invention.

EX LE 3

In other embodiments according to the present invention, the effects of increaéing the
reaction temperature on the production of chlorine dioxide were investigated. As described
above, increasing the concentration of companion acid coupled with increasing the reaction

" 30 temperature to about 40°C resulted in considerable improvements in chlorine dioxide

production. Increasing the reaction temperature of a chemical process is not always
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PCTI US97/ 02157 pressure and anbi ent tenperature and was sanpl ed at
the times shown in Table 2. Wthin one day, the tank contained about
- 5000 ng/l of chlorine dioxide, and could have been used as a

di si nfectant/ /taste and odor renoval agent. PCT. n be
seen from Taﬁﬁébgﬁg#lt t ook about 24 hours to achi eve an aqueousm?:ﬁ%%&}ne 5

di oxi de solgiorftie, %weaérmsﬁﬁe :5, éf}%ﬂﬂﬁfah amngldé Qsaen&:ﬂs)arsla&»sslﬁlma&ao
aqueous chlori ne di oxi de sol yti-on_cont ai ni L?PeG 300 The rate

data for t Aphibigemysaetions;(iy theppedymmiceqyiipriom may not be-fayored, »v lchmétheeffect
sel ectivity re&.fhem%lﬁi Bﬁréa%u&hoiﬁa i) iﬁetﬂeﬁt &rem:%n%yyiueéon{eaﬁ

dlfferentla ts are shown in Ta um&gthese dat a
reaction r &actorf especipily for exomelmxﬁrmaén%adma@wewf gr@uﬁwémrn@u:eénda by—

: lated wi
' ‘Cl'g[)lr: Eape%ﬁ%h%%émwﬁg&%ﬁﬁ "dgerr] ddgerr] -
Yi el d[ err] Yi el dseshdwrClbyAckeourmaction| gquations and meghanisms @dnsptibyd abiowey/ Ithe

(Zggglé) afo(rgﬁxentioned fa(c% gggfvorin% 1\3:&%“ Qmperamre coBQiggx)szﬁkely arelgcg.oprﬁsent

210 vl 8 (Present invention. Thus,Copérhfifg the Ba@ivdbystem of the inventidn 208n dlbvated
1, agogPaction temprlRe is profegEd” Indeed, e pggieranrc et on the CIO; produffio g
20 10 470Qeactions W&Sfind to be ¥ér¥Gignificafit 2¢istidwn below.850 0. 373

24 5000 An18600 &300 . 0. 2629 0. g@ZS . . 0. 3%

48 5700 y knpwn method far elevatigg Shp,tsmperagre gh fhe reaction solutipnoan be yised
96 630@ccording to the present invention. Preferred methods include an isothermal water bath

surrounding the reactor, microwave heating of the aqueous reaction solution, immersible
heating elements, etc. The reaction temperature can be at any temperature which allows for
15 the reaction to take place. A preferred reaction temperature is greater than about 20°C,
more preferably withia the range of from about 30°C to about 45°C, and most preferably

about 40°C. _
Using a small glassware system, experiments were carried out at various
temperatures, in an isothermal water bath, with combinations of different operating

20 conditions, which are discussed more e_xtensively below.

Example 3a .
The reaction system as described in Example 2 was operated at 20, 30 and 40°C. For

the 20°C experiment, the reaction mixture was analyzed for CIO, at 2, 3 and 6 hours. For
the 30°C and 40°C mixture, the reaction mixture was analyzed at 3 hours and 6 hours. The
25 concentration at 3 hours is given below.
@ 20°C, 3,100 mg/L
@ 30°C, 4,300 mg/L
@ 40°C, 5,600 mg/l
The results are also shown graphically in Figure 17. As Figure 17 demonstrates, higher
30 concentrations of ClO, are obtained at higher temperatures at all times between 3 and 6

hours.
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(ratio)
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WD 97/ 30931
Time (hr)
WO 97/30931 2
100. 00

Example 3b

Table 3 Selectivity of

Sel ectivity
0,

100. 00 rCTMUSY7/02157

NaClQ, (6.05 g) was dissolved in 20 ml of water. Lactic acid (4 ml) and acetic acid
(20 ml) were admixed in 140 ml of water. The reaction solution containing NaClO, and

acids was reacted at an initial temperature of 40°C. The sample times and temperatures are

presented in Table 10 below.

Table 10
6.05 g NaClO,
4 ml Lactic Acid
20 ml Acetic Acid
NaClQ, is dissolved in 20 ml water
Acids are placed in 140 ml water
Volume 184 ml
Temp. 490 C -
Sample Time = 3 hrs
Temp. 43 C
ClO, 5,543 mg/L
1,020 mg
Cio; 27,083 mg/L
4,983 mg
Sample Time 6 hrs
. Temp. 54 C “
f Clo, 6,976 mg/L
1,284 mg
ClOy 17,292 mg/L
- 3,182 mg
Example 3c

NaClO, (6.07 g) was dissolved in 20 ml of water. Lactic acid (4 ml) and acetic acid

(20 ml) were combined in 150 ml of water. The NaClO, and acid reaction solutions were

combined for a total volume of 194 ml at an initial temperature of 27°C. The .reaction

mixture was heated and the sample times and temperature are presented in Table 11 below.
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6 80. 50
13 12 83.18
94 20 83. 85
19 . 24 82. 63
76 WO 97/30931 48 _ 82.46  PCT/USYT021S7
70 10 Tabl e 4 Product Ratios and Differential Results
Time (hr) dderr]/dderr] dderr]mablefArr] d(CJerr]/dt
d(dgerr]/dt d(dgerr]/dt
(ng/L hr) L hr) (om/l hr) 2 Q_050
500, 00 605 5 g OO0NNCIO. o 11esr 3337
. : ml Lactic Acid -
30895 $222‘§7 ml 2639205‘&:&& Acid ,70.13 0. 1735%0
0 237§7 ANAOW, is dissolveli 20 ml water - 300. 00 21.1
. 26881Acids are placed4® 150 ml water 75 -116. 66 5.0
. 36075yolume 3. 800 1929. il 8.3
From t he oductp}qat i 0S and di ffererm algesults set forth in Table 4, jt he
graphs set|~26 fortirTmFgures 27 Were COnstTucted and-used—to
correl ate |wi t h nSanpledimeal react | oﬁ r at Bf equati ons described i
nor e 18et aifl bel ohgmp. briumreaction rate for the
5| rrpl e mi X ng te€lOmas nodel ed usi nq ?tcl}?emz/L foll owi ng reaction rat
,047 mg
ClO, 22,569 mg/L
4,378 mg
15 Sample Time 6  hrs °
Temp. 54 c
Clo, 5,130 mg/L
995 mg
Clo; 10,938 mg/L
20 2,122 mg ___“
Yellow gas Tolled out of the beaker when It was opened

As the results in Table 11 indicate, maintaining the reaction solution at 43°C for 3

hours provided a ClO, concentration of 5,399 mg/L.. This is compared to 3,853 mg/L of

Cl0, for 6 hours for Example 1 and 2,700 mg/L for 6 hours for the simple mixing test. As

25 Table 11 also indicates, when the temperature was increased to 54°C, the reaction solution

started to decompose, and a yellow gas evolved when the beaker containing the reaction
solution was opened.

EXAMPLE 4 -

As additional preferred embodiment of the present invention is to separate at least a
30 portion of the product from the reaction solution during the reaction process. This can be
done in addition to, or in lieu of, maintaining the pH of the reaction solution at a value of
less than about 5. This separation is believed to serve two purposes. One is to provide ClO,
which is substantially free of the unreacted reactants and other side products such as NaClO,
and NaClO,. The other purpose is to prevent the reaction mixture from reaching chemical
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where r[err] = reaction rate for dJerr]; k is the reaction
rate content; Clerr] is the concentration of A Jerr];
Cerr] is the ggyibidasi um concentration of A Jerr]; 5 andectiiisoriodast S
t he psuedo power. Using the integral nethod of analysis, a

pseudo- pover egdilibfidhe IaQsihdrandrdy/asinceathe éadtor dvillBiot have to setvet 4301 priothng stofage
equation with |imts of

the foll ow ngmit, the chcxg&aﬁé;%&&ﬁ% Illg{stlag{glhn @ﬁﬂfer&b', ?gmgtiog re %{)1!; ]W)ill E)g aﬂvei\; A .
[err] In order to separate at least a portion of the ClO, from the reaction solution, any
known separating prdcesses can be used according to the present invention. Preferred
5 scparating processes include passing the reaction solution through packed beds or an
absorption column, and stripping. A particularly advantageous mechanism is continuously
reacting the reaction solution and continuously withdrawing product solution, and then
subsequently treating the product solution by stripping, optionally condensing and then
absorbing. Since there is a substantial difference between the vapor pressure of Cl0, and
10 the vapor pressure of the other chemical species present in the product solution, a separation
- technique which utilizes a difference in vapor pressures is preferred. An especially preferred
separating technique is to pass a gas, preferably an inert carrier gas, through the product
solution. This can take place either (i) while the product solution is in the reactor, or (ii)
after the product solution is removed from the reactor. Preferably, this stripping process
15 occurs after the product g.as' is removed from the reactor. The inert gas, which contains
chlorine dioxide, then can be passed through one or more water traps to remove the CIO,
from the inert gas. The expression "water trap" as used herein, generally denotes a vapor-
liquid absorber.

A schematic diagram according to one separation embodiment of the invention is
20 shown in Figure 18. As Figure 18 illustrates, two water traps 13, 14 in serial are placed
after the reactor vessel 16. These traps serve to strip the CIO, present in a product gas 17
which has been p'assed through reactor vessel 16. The inert carrier gas 18 preferably is
selected from nitrogen or argon, and most preferably is nitrogen. Generally, two water traps
are sufficient to scrub substantially all of the C10, from the product gas 17. As used herein,
25 the term “substantially all,” is defined as the removal of 99% or greater of the ClO,
entrained in the product gas stream. Although two water traps are shown in Figure 18,

more or less traps may be used depending on system requirements.
If a water trap is used, the inventors have found that as a general rule of thumb, a
vertically iong, relatively small volume trap with a low inert gas flow rate, attains a higher
30 concentration of ClO, in the solution and is thus prcfcrred. Usually, the volume of the water
trap is within the range of from about 10% to about 200% of the reactor volume. Another

preferred condition is maintaining the temperature of the traps at a low temperature, due to
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where k[err] = [err],the pseudo-rate constant To pl ot
this equation, the values of CJerr], and of CJerr] for A Jerr] needed to

"~ be 10 cal cul ated. CAO was cal cul ated fromthe data to be 0.397 nol/L
(26,800 ng/L). The val ue of Clerr] was extrapolated fromthe data to
be 0.225 nol /{yo(obBosd®0 ng/L). The integral plot of t hepchbsdrR1d7t he
resulting regression are shown in Figure 8. The val ue obtained for k'

was - 00. 03316 greater solubility of the Thlariiecdibyide inhthe awdterat lomtee teroperamres. aTle

L B AR By Sl 10 R ol

cal cul at ed withinntiehangbdBframaboan Gt auouhzmtat obtained fromthe rate

equation. Using k = [err](-0.03366), the value of [err] was adjusted
until the best fit was seen. The resulting order '
31 Example 4a WO 97/ 30931

PCT/ US97/ 02157 . .\Was und, to be 0. respond;j rate

const aht was abd®f °°'®dlﬁ‘§’ls4"f§1j‘ﬁ@l’]r°a]t were repeate G‘F’Gﬁ&PH’éP 's“%félap'éved
to be best Jr@pi@SeslMe 200 ml. The results are showanlgure 19. [err] =
-0.0374(C-0.225) [err]

Example 4b

Example 4a was repeated with the exceptién that the two water traps both had a
volume of 2000 ml. The results are shown in Figure 20.

10 As Figures 19 and 20 demonstrate, the ClO, concentration in the first trap for
Example 4a was greater than 5,000 mg/1, whereas in Example 4b the concentration did not
even reach 400 mg/l. These results illustrate that the maximum concentration attainable by
the product trap can depend upon the geometrical shape and dimensions, whereas the
maximum peak concentration temporarily achieved by the reactor is more dependent upon

15 the flow rate of the nitrogen sweep gas.

EXAMPLE §

The discovery of the reaction equations and kinetics described herein assisted the
inventors in determining the variables that have the greatest impact on the production of
chlorine dioxide. The inventors therefore were capable of adjusting these variables in a

20 direction to favor the reactions shown in the above equations.

In especially preferred embodiments of the present mvennon, the present inventors
have found that by combining several of the above features (i.e., increase pH, increase
temperature, product removal and séparation), enabled especially high yields of chlorine
dioxide.

25 According to one preferred embodiment, in a batch reaction similar to that described
in Example 3b, the effect of doubling the amounts of acid while at the same time reacting
the solution at an elevated temperature of 40°C was observed. The conditions and results
are presented in Table 12 below. As Table 12 indicates, a chlorine dioxide concentration of
5,637 mg/L resulted atter only 3 hours of reaction time.
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Both the integral plot and differential
Adderr]. 5 However ,
the conversion of A Jerr] to AdJderr]
the final ratio based on the materi al
- The factor 0.5@0
according to the
C derr] produced,
concentration

pl

e rate

| ots for

tion are shown in Ei

ot shown were for the reaction of

as shown-in the data for the sinple mxing tests,

was not on a 1:1 basis, and

bal ance was about 1:0. 573.
g\g:ﬁ”;‘hen applied in the anount of G Jerr] repctessrio21s7
abov equation to determ ne the anmount of
as shown bel ow. The mable¢/12 ng

differential and

10 e terms[err] éepr esent sy, reaction rate constant for
Adderr], ang was é cul at ed actLki i}ugdto the foll ow ng equation:
[err] = O0.5§3k(C (irr])[er Acetic Aci Figure 12 denonstrates
that the resyltiing ncent , ; e

close togthe
however, und
While not in
that this oc
first few

the reaction
3 reactod co
plug flow re
have the cap

ng/ L of A
shown in Fig4.

rest i pRfidicare placed in 140eml eaeki

" 1
gata PUTTITt S WwasS LTUS

Sample Time Based on ke
fi gur &empas, a contiiousC

13, 14, and 15. Thé4,333 mg

dat a. NaeOy & disslved it 1@ miliwdter enti al pl ot of Figure 11,

endi ngydigmée bound bzosanymt heory,
urred'lig_gﬁ,aus_e the ratggo of reacted A Jerr]:Cdderr] for the

ction@PFR) and 2 CSYM3% mg/lseri es were designed
city to produce one 1di@2omgan aqueous sol ution containing 50
rr] 2@l0, in one day20,88hagili cs of these reactor systens ar

on rate at early tine intervals
the 15 i nventor believe

reécti on data and findi ngs abov
stirred reactor (CSTR), a
to

si zing necessary to achieve su

a concentratilon can be shown bel ow.
15 ClO, 6,523 mg/L
1,357 mg
clo,” 1,580 mg
According to other preferred embodiments, the effects of providing an inert sweep
gas, increased temperature and an acid prewash was investigated. A system similar to that
20 shown in Figure 18 was used to separate the product from the reaction solution. The

conditions and results are presented below in Tables 13-16.
The reactor equivalent is defined as the concentration in the reactor which would have
existed if all the ClO, which had been produced (i.e., the combined amounts in the traps

downstream and the araount actually remaining in the reactor) had remained in the reactor.
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PCT/ US97/ 02157 Tabl e 5a Reactor sizing for single
CSTR React or Si ze Feed Rate Pr oduct
Rat e (gal) L/ hr reaction solution t on/ day
- soln 593 37.9 PCT/US97/02157
1.000 5 WOt o5 | 1.6
0.042 50 Table 13 Example 513. 2
0. 084
8- égg 6.06 g gg&cwz _ Sample Tﬁe 8 3 hrs
0. 506 10 4 ml400 ctic Acid Reactor o5 &
' 20 ml Acetic Acid _ Temp. ' "39.3
0. 675 600 £ 38.3
1.012 800 pH 51 3.4
1 3495 .NaClO, is dissolv 8 20 ml water Clo, 639 6,413 mg/L
1. 686 Acids are placed in 5O ml W36 o 5y feactor sizing fot?tho csTB8s il
series Volume 194 ml clo; 21,354 mg/L
Temp. 39.5 C 4,143 mg
Trap #1 1,000 ml
10 Trap #2 750 mi
Acid Prewash Trap #1 _ l*
Water 150 ml pH 4.9
Acetic Acid 40 ml ClO, 134 mg/L
Lactic Acid 8§ ml 134 mg
Trap #2
pH 5.3
Clo, 1.07 mg/L
0.81 mg
Total CIO, 1,379 mg
Total CIO,, 4,143  mg
_ Reactor Equiv. 7,108 mg/L |
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15

~(gal) each
. 204 _
4.6

0. 245 20
9. 490

0. 980

1.469

1.959

2. 449

WO 97/ 30931
PCT/ US93/ 021

10

15

Reactor Size Reed Rate Product Rate
L/ hr reaction solution ton/ day soln
37.8 0. 999 25
0. 122 50 9.3
wo 9730931 100 18.5 PCT/US97/02157
- 20 Table 14 Example %7' 1
75 g Namo, Sample Timé4. 2 3 hrs
5 ml Ldofi® Acid Temp. 92.7 395 C
25 mi Acetic Acid Reactor 33
pH 3.5
5IRaClO, is dissolved in 25 ml water ClO, 3,167 mg/L
Acids are placed in 188 ml water 770 mg
Cl0, 2,500 mg/L
Volume 243 mi 3,038 mg
In. temp. 37.5 C
Bath 395 C
Flow 15 cc/min
Trap #1 1,000 mL Trap #1
Trap #2 750 mL pH 3.9
ClO, 470 mg/L
Acid Prewash 470 mg
- Water 188 mL Trap #2
Acetic Acid 50 mL pH 53
Lactic Acid 10 mL Cl0, 17.08 mg/L
12.31 mg
Lactic Acid 1,253 mg
Total Cl10, 3,038 mg
Reactor Equiv. 5,156 mg/L
Sample Time 6 hrs
Reactor
Temp. 395 C
pH 3.6
ClO, 2,006 mg/L
487 mg
Clo; 9,375 mg/L
2,278 mg
ZTrap #1
pH 4.3
Clo, 846 mg/L
846 mg
Trap #2
PH : 4.5
Clo, 53.33 mg/L
40.00 mg
Total CI0, 1,373 mg
Total CIO, 2,278 mg
e Reactor Equiv. 5,650 mg/L
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Tabl e 5¢ Reactor sizing for a single plug flow reactor

Reactor Equiv. 5,531 mg/L
L — _

Reactor Size Feed Rate Product Rate
. (ogal) L/ hr reaction solution ton/ day soln
292 - 37.8 0.999 5.
25 WO 97/30931 3.2 0. 08fCT/USIT02157
50 o 6.5 Table 15 Example 5d 0.171
100 EeorSe e
200 7.54 g NaClO, ~ 25.9 Sample Time 3 0hB84
300 5 mi  Lactic Acid38. 9 Temp. 3350266 10
400 25 ml  Acetic Acid51. 8 Reactor 1. 368
500 64. 8 pH 34.711
As casg be [sHeOId,iotisidheedaih@Sanlewdieroned GOl es, the redc8r mgikzes rdquired
t o producd| Acids are plsvedtind8®inl sateaqueoys sol uti on cont ai9Bngg5, 000 g/ | of
chlorine dj oxide are quite |arge. ClOgij gni ficant | y4.p&Humg/hg thg tine
for the rdovolhume and 243ninfli cant|y indreasing the condedr mg on 15 of
chlorine dj xiehey. as 3h& resent invenjtor has done, will result infa
dramatic atkase in 395 C reactor sijzing thereby enabling a portdble
on-silpe aduBlows chl ori b® dé/min de generfati on system
Under st andj Tapt#le r ede®00omlIki netics off Trap#ki npl e ni xi ng test descdi bed
above || Trape®2ni t t ed50heki nvent or t ¢ Pievi se the reacti on sequenc
(equationdl R14-R20), and to find, quit{&€lO, unexpecf2&Img/L t hat ffot only
was the r id dive uence dramatical |y different from f#3femgo sedquences
reported ijnAcdtic Anid 082 art mlbut al so t early 100 fold increasq in
chl ofne § Lactic Atihxi2de pmdducti on coy/P be achi eved by maintainind the pH
of the redcMasn solldfi on ™ a V&0 | ess than 9% m/Land Hy
W t hdr awi at least a portion of thej}product soluti onsc}érf“ﬁg t he
reaction. The present irfvention now will be explained in nore
detail by freference to the non- 25 | Fokal {G1Ry exbﬁﬁ d8€that foll o%.
EXAMPLE 1 Total Cl1O, 3,5 mg
Reactor Equiv. 5.593 mg/L
Sample Time 6 hrs
Reactor
Temp. 395 C
pH 3.6
Cl0. 2,164 mg/L
526 mg
clo 10.417 mg/L
2,531 mg
Trap #1
pH 4.2
Clo, 798 mg/L
798 mg
Trap #2
pH 4.5
ClO, 46.67 mg/L
35.00 mg
"| Total CI10O, 1,359 mg
Total CIO, 2,531 mg
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The ingredients listed in Table 6 below were fed to a continuous stirred

batch reactor at anbi ent tenperature and pressure, and were reacted
. for a period of time, whereby sanples were taken after six hours.
- 34 WD 97/ 30931
PCT/ US97/ 02157w0 97/30931 PCINNISe7/@2157
3. 06 g NaCl  err] 2 m
Lactic Acid 10.4 Table 16 Ekample Se Acetic Acid 5
NaClJerr] is dissolved in 10 m water Acids are placed in
70 M wat er p—————em——mea T CO ] SR ——
2.9 7.54 g VoNaGiO, Sample Tige m 10 3 hrs
Sanple Tinef 5 ml La@ic Acid hrs Reactor - dgerr]
3,853 ng/L 25 ml Acetic Acid 354 gy
adqgerr] 33,333 ny/L |pH 3.6
3,067 @ NaClO, is dissolved in 25 ml water Cl0, 3,325 mg/L
Acids are placed in 188 m! water 808 mg
Clo; 13,542 mg/L
Volume 243 mi 3,291 mg
In. temp. 38 C
Bath 40 C
10 Flow 15 cc/min
Trap #1 1,000 mL Trap #1
Trap #2 750 mL pH 4.5
Cl0O, 542 mg/L
Acid Wash 542 mg
Acetic Acid 250 mL Trap #2
H ' 5.6
Clo, 11.88 mg/L
891 mg
Total ClO, 1,358 mg
Total ClO, - 3,291 mg
Reactor Equiv. 5,588 mg/L

15 As Examples 5 b-e indicate, there was increased acidity in both traps 1 and 2 due to
the acid carry over by the nitrogen sweep gas. Although increasing acidity of the traps is
" not a substantial drawback, it leads to higher cost due to: (i) the additional acid which has
to be provided to the reactor to compensate for the acid which is carried over to the traps;
and (ii) any neutralization required if the ClO, cannot be used in an acidic medium. To
20 minimize the acid carry over, the inventors have found that an inert gas flow rate in the
range of from about 0.01 cc/cc/sec. to 1 cc/cc/sec, preferably within the range of from about
0.05 cc/cc/sec 10 about 0.2 cc/cc/sec.

EXAMPLE 6

According to another preferred embodiment, a continuous reaction system utilizing

25 both high temperatures, product collection and pH control was tested. A system similar to
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15 I n accordance with this enbodi nent, approximately 3,853 ng/L

of dJderr] was produced over a period of only six hours.
EXAMPLE 2 As denonstrated in the above reaction equations
- (R14- R20), and as discovered by the present inventor, maintaining

the acidity ofodiRedagaction solution plays an inportant role gcindrn21s7
provi di ng an aqueous sol ution containing a high concentration of chlorine

di gxizcie. Tg_h'ha dxmplified 'ﬁ‘ Fig?nam:zrws]:lﬁdwoydge Tﬂeeﬁﬁiﬂtsfﬁrﬁ p&amehf f i:mﬂ%w tll'r1 esxo&H;G

an . | € t.hererore stu the effects of the pH on
the productAbIAGF 12HYFHIFG SipiakofBhe Juik M complerel Wiryiag o e Jenioigesth
nor e concennianffinf6f Wafepluddd. OThe Pdacide usédivhé a/hal-gallon RBuRFeEictdr! Which was
Fig. 16 illustrates the effects of pHon time with initial charging of the
aci d react iparages continugusty 3400 €halong Bith stripping with anitragen dlowh e They pragtor s )

as conpare d&ldtf%%ﬁ%%ﬁﬂ inkiP '&gco@&hcimlgegﬁlm ; .%cﬁgﬁbﬁ%sgp%&ﬁswe

| ower right). can be seen fromFH G "1 at increnent | oa
of the aci ccnr)dang wish an dmtemnabypluthe pf 484oml, dkereby prawidingla hA4D wh sdactor, when the

mai nt ai ni ”gfc%&&%“%ﬁ“%%{‘ﬁ"?ﬁg“mﬁéfpwﬁﬁ&awﬁ- t hroughout the reaction. FIG

21 shows a plo productron rate and the pH change
as functions of Asshewnain FiGa22r ecktioacidgl® ind laeticudcids 20 werdh fedsb rapd @dmixed iy 30

t est di scussed. ahove. e r.om, El 1 reaction,rate decreas

Char ply it o scid S Ee 14nk 130 Bl Bulrl 36 sy kliGo 2 3B Hhadele Storae R°F,

react a0t s iAnaq@rous dcid solutionawasHdimixegiwith the sodium chiogity #d4ed fiadine A0 @y\Ebhifant
pH 1 noT easeg, L VB0T™ plohutiohlcbl! 85 wak 6 W0 ER6° shiboity' ikt 56 Ynd Sbtactea

countercurrently with nitrogen gas 60. Unreacted sodium chlorite was withdrawn via line

70 and product gas 80 was fed to condenser 180 to condense any acid present in the product

| gas 80. The condensed acid solution was withdrawn via line 90 and a chlorine dioxide-

15 containing gas 100 was fed to a Cl0O, scrubbing unit 190. Water 110 contacted gas mixture
100 whereby scrubbed nitrogen was removed via vent 120 and aqueous chlorine dioxide was

withdrawn via line 130.

Table 17
Ex. Amount Reactor Initial Final Cio, Conver-
of Length NaClo, Cloy (mg/L) sion

Water (cm) (mg/L) {mg/L)
20 I 6a | Original 1,524 32,850 20,139 3,452 14.18%
3,048 15,104 4,096 16.82%
4,572 16,484 4,666 19.16%
6b 12 1,524 65,278 54,792 10,872 22.47%
Water 3.048 44,792 11,875 24.54%
4.572 35,000 11,495 23.76%
6c 173 1,524 97,778 85,417 23,275 32.12%
Water 3,048 62,500 20,900 28.84%
4,572 37,500 18,050 24.91%

As seen from Table 17, the maximum chlorine dioxide concentration was for the run
using 1/3 the normal amount of water and using a single coil reactor. This provided an
25 unexpectedly high concentration of 23,275 mg/L of CIO, in only 48 minutes which represents

nearly a 140 fold increase in chlorine dioxide productivity. Thus, this embodiment of the
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WO 97/ 30931 -

PCT/ US97/ 02157 Significantly, the sharp decrease in the reaction
‘rate substantially overlaps the sharp increase in the pH.

On the basis of these findings, the inventor found that a first order rate

expressi on as wosmwzﬂeve' oped using the sinple mxing test, Wa&rMe¥102157
adequate for accurately nodeling the 5 reaction rate, due to the strong

reaction i nhpRkdrt Ghveikioft Chrovitles 8 Eﬁ@ﬂhﬂﬁlepbbr(cm&uondﬁﬂlcwzs whith was previously

~hydroni umion concentration, see g tions R14 and R17). The inventor

devi sed the unattainable ACCRRRing o e “G'rHGFmF‘%t or prosuciag; ilorme digxide, inpipding,
better under xﬂ&iﬁg% anfoﬁadéid @ hydroxy cnﬁaeh@rucm Y alk4B Ghetal salt of a
rierr] = k'derr|derr] erer[err_ is the rate of G%err
product i on i ehlggite/ipn. ameF‘héh’@aﬁ‘Oé}@rﬂft“@l% dioyidefar pxpepdsihatgbtained in the imple
subscri gt ed feSt, Felatter the system used merem%ast mm%ana e&st fit a'n@i’xhi-‘é‘&éi's THS
the reaction ti I ncreases, two factors, nanely t | eti on of
reactant ( sosnd!mn chlosits selectivity (eh @uarepr@pcmonwrsmb tmyhlpnm dmxncgrrewné [O¥EK e
in ’p%"h{d“? e to the decrease in the reaction rate. For
exanpl e, acco [ ném% sinmple m xing test descri bed above, at 30

hours, the concenﬂmtnwntoofalspoobsmvechhatrme e'cactor was supecsatwated! witlo theachlorine

initial val ue. of 31 125 6 inal,. .
val ue. wher £ Wat, phder 2onif orfe: it roihe Bre@ice' dpnd chflBe dioxide
ori gi nalo cono&pmtrr aVith) ltlns Bigh of a concentnation pf ghloxing dieside| w(beq:mnesevet)agnmnam to
val ue of* about. tial .r,eac al ned at,

nour s. This. DGR e pnginE o spaeof HE 2GR i fie g explosivsppg afesmoenr oy

20 cl osehyali—grdatbetmﬂom%rrent ally obtained value. Decreasing the rate to

a val ue of about 6. 7% as.occurred.ih the si le mxin st , .
however, is unaccHhanamhes WF%HF%%H&’B?‘B?& ditional °XP°§3;§F.'6;%? gert.a?(en varying

I n an effortcérgmdpﬁmﬁps bhgemr&g@ibeﬂadumJ on in the reactlon rate,
the inventor . undert ook several experinents to study the effect of’

the reactant concentration and hydronium 25 I on concentration on the
reacti oz | n eachggfaNgerfpo! | owi ng experinents, the total anount of
acid and reactants were kept constant, but either all of the acid was

| oaded initial |y, Asystamsimilar to that shogmdn FWMH?%WW@%&‘H%!@%e
carried out pihadiddtch node according to the

Chlorite Storage Unit 200 352 g NaClO, 30

20 . 1,800 ml . Water (may be increased)”
Acid Storage Unit 250 B00 ml Acetic Acid 10

160 ml Lactic Acid 20
870 ml Water (may be increased)’

Pumps #1 Sce/min
25 #2 scc/min
#3 10cc/min
Reactor Residence Time 48 min/each reactor coil
145 min total for three 50’ coils
Product Concentration over 15,000 mg/L
30
" *, The numbers given are for a super-high product concentration case.
Purp #1 pumps acid from acid storage unit 200, pump #2 pumps sodium
chlorite from Chlorite storage unit 250 and pump #3 pumps stripped product 115
from stripper 500. :
35 For most runs, more amounts of water may be used.

For most runs, one or two coils may be used instead of three.
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conditions of Exanple 1.

36 WD 97/ 30931

PCT/ US97/ 02257 Exanpl e 2a -~ About 600 m of reactants,
i.e., the entire anount was charged into a reactor at t=0 The pH

change is nonghessgssps a function of tine and is shown in Fi gerRisdfozis7
Exanple 2b 5 Three different |oadings of 200 mMl each at each

tinme int erval iThe. corififious! réa@orOpmbodiment illtibﬁ@tcti( @ =FIG. + 22 0pravid® —#)lugri or
a total of 600 mi

2 ! es | 200 Ml 0f »lttk Bjexide in g, shom peripdptufips. CoRBanSR afft Ihahs Bydiin

the 4 and Gafteuylidwik30 apetfeddtthWssoragmurmwgrmm whidf for@ilufios Bl Aquedus
had a C Jerr concentratl on, of 2,500 L, whereas the reaction m xture of
Exanpl e 2b Wil me salt ot chjasits fondis febin chigrits togage 1nit 250, yAqueoys acid selution
particgl ar I3 i QBRbIRE! wich\he S0l RS LRl6Fie dhd! Midded in mixer 30 aiPAie hiked Y612A6n
time of the reaction mxture of Exanple 2a was 4 hours, whereas the
solution is fed to reactor 400. Preferably, mixer 300 includes a mixer packed with glass
beads although other mixers using conventional stirring mechanisms are contemplated within
the context of the present invention. Reactor 400 can be any reactor capable of reacting the
respective components, and preferably it contains multiple coils 450 surrounded by a water
10 Jjacket 430. _ _
' Product solution SO then is fed to stripper S00 whereby it is stripped with an inert
carrier gas 60, such as nitrogen. Stripped product is removed via line 11§ and fed to
stripped product storage unit 800, and product gas 75 is fed to an absorber 600 where it is
contacted with water 95. Inert gas is vented via vent 85 and aqueous chiorine dioxide is fed
15 via line 105 to CIO, storage unit 700.

Encircled area "A" in FIG. 23 can be replaced by a two-stage countercurrent
contacting cascade, as illustrated in FIG. 24. Here, product solution 50 is fed to a first
contactor 125 whereby it is contacted countercurrenﬂy with an inert carrier gas 60. Stripped
product 115 is removed at the bottom of contactor 125 and product gas 75 is removed at the

20 top and fed to the bottom of contactor 135. Preferably, both contactors 125, 135 are
surrounded by a water jacket 165. Product gas 75 is contacted with water 95 in contactor
135 whereby inert gas is vented via vent 85 and aqueous chiorine dioxide is removed via line
105. |
As Example 7 indicates, a repeatable continuous process for the production of a high
25 concentration of chlorine dioxide within a short period of time is possible without the
formation of undesirable and hazardous by-products is now within the reach of those skilled
in the art.
- Other embodiments of the invention will be apparent to those skilled in the art from
consideration of the specification and practice of the invention disclosed herein. R is
30 intended that the specification be considered as exemplary only, with the true scope and spirit
of the invention being indicated by the following claims.
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mean residence time for the m xture of Exanple 2b was 3 hours (i. e., a
hal f of the reactants i_Q_[_élr__hGH-l’—S——&ﬁd"t‘he ot her half .for 2 hours).
At the six hour point, the reactlon mxt e%f Exanpl e 2a had a

concentration of 15 2,70 reaction m xture of Exanple 2b
had a G gerr] WOPIREE at I on “ ng/ L. The mean r@sokdnesisti e
"of the reaction m xture of Ex

hour s, wher eas the nean

resi dence ti Whatfis Chwdmed®ct i on m xt ure of Exanple Phymas Hgl ¥aé mNrs
Z&P B emal nji

(i.e., athird for 6 hours, another third for 4 hoprs a ni ng
third for 2 hours). A plot of pH vsi-ti anpld 2b is
shown in Figure 16, ASAFprewssef&Gprammmg chiérine dibkige ScorePrRingaieisieps 6f: Exanpl e
2a reached a hi gher level  of pH nmuch er than the triple | oadi ng
- Exanpl e 2b. At evéry sPmyking Haeﬂ%g“sowl%%ﬁw@wn% pH of the system was
reduced to a lover |evel, a@ﬂydrbﬁy hﬂ%ﬁﬁlﬁeacwﬁﬁﬁﬂféaﬁébl%ﬁ wﬁ&ﬁaﬁrﬁwaa&fh&mghe
. sanme as the initial | oadi ng of npl e

reacti o characteristics ofchiganafran aealkahat%%vfé:h&qﬂmosw bﬁlftsubmqﬁlaklhéoes
~inventor’s 25 pel 1 ef N thid el vith PR BRI L6 £LRGRABE, @Jaat the

original proposed first order reaction te was not entir

accurate. Above a certdin picompanion acicbﬂmmbsmllyaﬂpes Mcmwlthlamﬂmhmetal
negligible, or put another waVyrt 48, ﬁt@%& ion takes place only with fresh
reactants and at an early s?age

37 B LumawsiAing 0934 vessel, (i) an alkali metal salt of a chlorite ion, and (ii) said
PCT/ US9y{ 021 . Fr . .the inventors were
al so ab de togé‘(l) ??%dtsﬂlu{m'tl’ht‘e) ’{'%{Pa‘Féa‘%"‘g f‘ea%ﬁoxf‘@oqut?ot}z, ana :
C maintaining the pH of the aqueous reaction solution at a value of < 5 during

the reaction of (i) and (ii),
wherein chlorite ions are produced in said aqueous reaction solution, and said chlorite
ions react with said hydroxy carboxylic acid present therein to yield an aqueous product

15 solution that comprises chiorine dioxide but is substantially free of chlorous acid.

2. A process for producing chlorine dioxide as claimed in claim 1, wherein Step
C is carried out by maintaining the pH of the resulting reaction solution at a value of < 4

by addition of a sufficient amount of companion acid.

3. A process for producing chlorine dioxide as claimed in claim 2, wherein Step
20 C is carried out by stepwise addition of companion acid during the reaction.
4, A process for producing chlorine dioxide as claimed in claim 2, wherein Step

C is carried out by continuous addition of companion acid during the reaction.

5. A process for producing chlorine dioxide as claimed in claim 2, wherein Step
C is carried out by:
25 : 1 flowing inert gas through said either or both of said hydroxy

carboxylic acid and said companion acid, wherein a portion of either
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length of reactant contact ti rre IS not as, | mpor t ant as the tinme under the

preferred conditions Tlmss Bee bel-ewed)—— as
descri bed above. &imhe reactﬁ'yg %maﬂﬁ%rﬂﬁfi&rd
equations first pr oposed nts 5 per REPLABEDUSi ng |t he

si mpl e m xi NGwHYssewat e |nventor was abl e to understand tne Tgg 102157
acidity, and the need to maintain the reactor pHrelatively low for an

ext ended peri od of o:rmmélamstdmined\m yieRican defligal @l icOmp#ists said inert
expression "relatively | ow pH' Q "#ow pH" denotes a pH at or bel ow
4. Wi | e anf? Kand At od for maintaining | ow pH conditions

throughout the periog 10 flow shidacid g8 itd thelRuesii GeRE6R Esthich, 56 tHap &t least
present invention, a nunber of preferred enbodi-ment s f or mai nt ai ni ng

the preferably | ow pH ar e? PaEion; ?erﬂleb’éﬂ"bw sajd,aCjsh 835cis abgorbed into theBaRAOHENt S

include (i) reducing the RumiH soRftiopdt er present in the aqueous acid

reaction solution, and (ii) increasing the anount of acid used in

t he reaction. Water is believed to have a dual purpose in the

production of cglori i

product stora e@rredliﬁ}%rgéég“&% Ohu ga‘r:lgéngerrgﬁiﬁl{& l\xaﬂgéeurm}ﬁﬂgeage ri rrent al

due to it sweight ratiorefquatertopacid imaraubaqmogsaaméaghwn imfromiaboini Samiaboutidy. i n

pH control and adjustnment when | arge anounts are used.

Several experinents were conducted by reducing the anmount of water used in

Exanpl e 1 by on@&. haIApriEd:Bsséorrpmdllding ehleristhdieride as Thithed in/claind1,1wherédin thé1e

results in_Table 20 stra even .i.n bat c e where the

pr oduct wade ﬁgiéan&%fuwra?eﬁl H‘ﬁ\ & L tal B?d SOE‘“OMSMsbok only 6 hours

to achi eve a product concentratlon of 7,853 ng C Qerr]/L when t he anpunt
walter was re uced to one-hal f I, Ni JaJ nce, over, 1. 1/2

t i mest® he oﬁc@ﬂ?ﬁsﬁlf?ro?fog‘fc% @P ’8?"(5‘? |aaéyaﬁﬁ§d kuﬁ?*a\/bd“’w’f/the of

the tine, visperfaRsRe véstel #8anaintained at SboipUE°Q] Xi ng test described above
(i.e., nearly a 6 fold increase). Table 17 dermpnstrates 25 t he increase

i n production by using reduced anounts of water in continuous reaction
systens, 9, and AUsidReks VAYE | frddudifa ehiofifie |diEad as chited iR ichidli 5C RirfRe

more ful l y bel ow.
comprising the step of separating at least a portion of the chlorine dioxide*from said aqueous

product solution.

15 10. A process for producing chlorine dioxide as claimed in claim 9, wherein the
separation of at least a portion of chloriﬁe dioxide comprises flowing an inert carrier gas
through said aqueous product solution, wherein at least a portion of the chlorine dioxide is
entrained in the inert gas to provide a product gas streamn comprising said inert gas and

chlorine dioxide.

20 11. A process for producing chlorine dioxide as claimed in claim 10, wherein the

inert gas is nitrogen gas.
12. A process for producing chlorine dioxide as claimed in claim 10, wherein

substantially all of the chlorine dioxide present in said aqueous product solution is entrained

in said inert carrier gas.
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38
PCT/ US97/ 02
3.05
Lactic Acid
NaCl ( err]
35 m water
3
22[err]C
Fi nal pH
7,853 ng/L
Adderr]

1, 864 ny

10

15

20

25

WO 97430931
157 +abi-¢
g mﬁi@ “R e THIS SHEET HAS BEEN [ni
mﬂ H“ AceREBLABEDd 5
s wosf‘l%%‘fd in . ACTas ar $H6RFkst N
Covered pH
0! urE process for producing chlorinbdioxide lat clafined in claim 10, wherimpthe

Sanpl e Ti e
scparanon of the chlog?ixs dioxide further compriseg as&ng]the prolauct gas through a trap

comprising aqueous hqgld wherem at least a portion of the chidine di6Xidd I said product

/L
gas stream is absorbed into the aqntli}eous liquid in the trap.

14. A process for producing chlorine dioxide as claimed in claim 13, wherein the
trap has a volume within the range of from about 10% to about 200% of the total reactor

volume.

15. A process for producing chlorine dioxide as claimed in claim 1, wherein said
hydroxy carboxylic acid is lactic acid. '

16. A process for producing chlorine dioxide as claimed in claim 15, wherein said

companion acid is acetic acid.

17. A process for producing chlorine dioxide, comprising the steps of:
A providing an aqueous acid solution comprising _

1 a hydroxy carboxylic acid that is capable -of temporarily transferring
chlorine from an alkali metal salt of chlorite ion, but substantially does
not form a salt with an alkali metal salt of a chlorite ion, and

2 a companion acid that substantially does not react with an alkali metal
salt of a chlorite ion;

B combining, in a vessel, (i) an alkali metal salt of a chiorite ion, and (ii) said
agueous acid solution, to yieId an aqueous reaction solution;

wherein chlorite ions are produced in said aqueous reaction solution, and said chlorite
ions react with said hydroxy carboxylic acid present therein to yield an aqueous product
solution that comprises chlorine dioxide but is substantially free of chlorous acid; and

C withdrawing at least a portion of the chlorine dioxide from the aqueous product
solution and separating chiorine dioxide present in said product solution from the remaining

components in said product solution.
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Several experinents also were conduct ed by apprOX| mat el y doubling the

anount of aci d pQ srektlHas Hent—aceordi ng to Exanpl e
1. These results are sh \‘ abl e bgegﬁﬁ'ﬂ HAS (BHNrlesul ts in the
Tabl e 8 denonstrate, th atch AEPLAEEDDN 20 at 22[err]C

took only 6 W&ﬁwﬁﬂ rea rrg d qerrJ/L wher eas 1 n ti@-,ﬁsgam@
m Xi ng test, t ook 24 hours to reach 5000 ny aqgerr]/L, (i.

nearly a 4 fol dig. anA‘@i’@:)ess for producing chlorine dioxide as claimed in claim 17, wherem a

I\_

Tabl e 8

4 sufficient amount of cogg)e{upe aoid; lsdpxgglded in Step A to maug:%x Jle J)H of the agpeous
Acetic Aci ghid reaction solution at a Wid § &r4] is dissolved in 10 m water

Acids are placed in 70 m water Covered pH
2.7 30 Vol une 105 m

iagglélen;} rLre 19. A processofor proddéifig chlorine dioxide as clanﬁlléiqlﬁaﬁﬁ\ 18, wherein the

Cl g ebr] companion acid provided fin SBRP3A /e[feggd by the stepwise addition r&"the companion

2,056 g acid. 39
© 20. A process for producing chlorine dioxide as claimed in claim 19, wherein the
companion acid provided in Step A is effected by continuously adding the companion acid
after the commencement of the reaction.
10 21. A process for producing chilorine dioxide as claimed in claim 17, further
comprising maintaining the pH of the reaction solution of step B at a value of < 4 by:

1 flowing inert gas through said either or both of said hydroxy
carboxylic acid and said companion acid, wherein a portion of either
or both acids is entrained to yield an acid gas that comprises said inert

15 gas and acid; and

2 flowing said acid gas into the aqueous reaction solution, so that at least
a portion of the acid in said acid gas is absorbed into the aqueous
reaction solution.

22. A process for producing chlorine dioxide as claimed in claim 17, wherein the
20 weight ratio of water to acid in said aqueous acid solution is about 3.
23. A process for producing chlorine dioxide as claimed in claim 17, wherein the
temperature of the vessel is maintained at about 40°C.
24. A process for producing chlorine dioxide as claimed in claim 17, wherein Step
C is carried out by flowing an inert carrier gas through said aqueous product solution so that
25 at Jeast a portion of the chlorine dioxide is entrained in the inert gas to provide a product gas

stream comprising said inert gas and chlorine dioxide.
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WO 97/ 30931 This Sheet Has Been Re laced i
PCT/ US97/ 02157 he amoynty@fsHrt aag BEQ\\‘N, aqueous
" reaction solution and incre‘aﬂ‘m g\ amyunt og%%nam s{have the
af fect of keeping the react t alokpHdf F pr ol onged
anount of tinewgImee31o provide a sufficient concentration of WRUSHTORAST
i ons, thus allowing the reaction to proceed at an unexpectedly
faster rate. Usiri2f.ei tAprocasspfiooprriducingchirine dioxides as claimed i claim 24, yeheraimthey
present in an ‘qrmunt MWthin the range of fromabout 1.5 to 3.5
“times the toPST BANBUREOBY" 8% d, by weight, and nore preferably, about 3
tines. Anot her techni-que which is particularly preferred for
provi ding and maiftainjng a | aw . pH .0 the.react.i nd_x e, } S.the
use of an acid pr&/\/asﬁﬁL pg\ﬂceﬁ%??‘f prducieg, cﬁgr@%ﬁxcﬁ%éf %e\t‘ ?‘ir]fd iyl %45' Wﬁc “n
steps of briagsagialy dinsfithe cldorinediogide presemttin a3sid nigheons productrdolutiontis emiained
contact with the 10 aqueous acid solution, (the acid solution in this
cont ext Scont B 3 ’éP’E‘rFéFmtgr%s'hydroxy car boxyl i c acid, the comnpanion

acid or both) such as by bubbling the gas through the acid solution to

- produce an acid gas, whereby the acid gas_subsequently_ contacts the
reaction sol uti ord7-whj&rprocess for pradueing rhlorinedigaide as clamed, dn glaim 24, farther

salt of a chighidsing MSsindtheprddiakt g44 thrbugid RaHEbriPHRing aqueous _lihﬁl?ﬂ?ﬁvh&@in at least

solution. In this enbodinent, it 1s preferred to use relatively volatile
acids that at®omin of e shioriee dioxids Hysaith Progduslcgnsi sream is Fhsqrbgghinto the aqueous
A preferred g(w&eatgpc_i solution is an acetic acid solution. As used
herein, an ineéert gas is defined as a gas which substantially does
not take part in the chlorine dioxide production reaction and nore
preferahl y does ta ing ohforfk dfiki | .
nitrog:@, car bon |'oxi‘§zjf&g§%%)g,&m?r‘1%m§ven al rd mf?’é?%é"&%%%‘rﬁé‘f‘r?&“ the
i nert gas i strap hasog@niunOwithin tie vange tof [from abairt i19 %Zdtef abouti200% «f rthextotal reagtdrd
whi ch due to_i,ts high vapor pressure can be readily transferred to
(i.e., entra??%gﬁ'e\/vith) t he gaseous phase under anbient or slightly above
anbi ent conditions. The acid gas then is brought into intimate contact with

t he reaction solution, where the acid.is transparted.back into .
S0l ut o, due to Phe rRBGeRLtE PiiEugn siigfe fiokite ok ARG h S 17, WhELR sig
pre-wash nmechpdiogytarbttylidGicel $aictieeaciyided to the reactor 25

increnental ly, thereby maintaining the pH at a | ow val ue, preferably bel ow
4. The volatile acid concentration in the acid wash solution can be
varied g8 t hin wi dso.| i NAtppeceds @8 Prodiéting @Hlorine dioxideial clafigedein clath @9 CRPEIBInGaidfl
altering the tenperatyre, cqoncentration of volatile acid and flow rate

of inert gasSemBPINQN AL isacrLGACidgequat e concentration which will enable
suitable pH control,

31. A process for producing chlorine dioxide, comprising the steps of:
A providing an aqueous acid solution comprising

1 a hydroxy carboxylic acid that is capable of temporarily transferring

20 chlorine from an alkali metal salt of chlorite ion, but substantially does
not form a salt with an alkali metal salt of a chlorite ion, and
2 a companion acid that substantially does not react with an alkali metal
salt of a chlorite ion;
B combining, in a vessel, (i) an alkali metal salt of a chlorite ion, and (ii) said
25 aqueous acid solution 10 yield an aqueous reaction solution;
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gi ven the guidelines provided herein. 30 The effect on the pH
~of an aqueous reacti on: sgldkpeR NadBkerRdplicedan a -
iil TS| SHEET ks BEENd o

"investigated and the resul ed in
m“m“l“f react or WREPRAGEmNnd tHe final pH

“indicates, the initial
cid pre-wast

was 3. 3, V\:her‘@@&dubﬁ |n|t|

1US97/02157

40 WD 97/ 30931

PCT/ US97/ 02157 C maintuihitig pHofMBSaghedds factidnwidtionak a Malueasd <2 .4oduribiglifie
acid pre-wash _has é%eme{lf ct of mai ntai ning the pH of the reaction
sol uti on i FFagom0h H%éfr ovi des sufficient hydronium ions for the
production of G Jerr] tofigwiagems gds @foughidaidNddueblsyaci®astifide xg«,sﬁsu@‘ sakpout
5,626 -mg/ L/ 6 hours. This value can be conpared to the 5

achi eved after 24 hours t#Foxyscarboxyjig aciandesaidcampanion agidyivherein,g P@lli’@st
Tabl e ' '\lsrtemae& bR Wil &%ﬂﬁi&a 10 yield an acid gas thafédinpifiad
Nitrogen Flow rate 12 cc/mn Sampling T 6 hours

Type Reaction d C{a&rﬂﬁeﬂ gas and acid, a® qerr] Tot aI Initial

I(: Ingfl ! pH 2 ﬂé(QihH ¥Hd QEAﬁh)gas végh% aqueogs 6&@9& soluti ST dhat at least

- _ 2. 25 a portion20fSthe acid in said acid gas is absorbed into the agueous
reaction solution;
10 D maintaining the temperature of the vessel contents within the range of from
about 20 °C to about 60 °C,

- wherein chlorite ions are produced in said aqueous reaction solution, and said chlorite
ions react with said hydroxy carboxylic acid present therein to yield an aqueous product
solution that comprises chlorine dioxide but is substantially free of chlorous acid, and

15 E flowing an inert gas through at least a portion of said product solution which
has been removed from said vessel, wherein at least a portion of the chlorine dioxide in said
product solution is entrained in said inert gas to yield a product gas comprising inert gas and
chlorine dioxide; and |

F flowing the product gas into a trap comprising an aqueous liquid to separate
20 at least a portion of the chlorine dioxide from the inert gas, thereby yielding an aqueous

chlorine dioxide solution.

32. A process for the contimious production of chlorine dioxide, comprising the

steps of:
A providing an aqueous acid solution comprising
25 1 a hydroxy carboxylic acid that is capable of temporarily transferring
chlorine from an alkali metal salt of chlorite ion, but substantially does
not form a salt with an alkali metal salt of a chlorite ion, and -
2 a companion acid that substantially does not react with an alkali metal
salt of a chlorite ion;
30 B combining, in a vessel, (i) an alkali metal salt of a chlorite ion, and (ii) said

aqueous acid solution to yield an aqueous reaction solution;
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React or 200 4.021.67 804.33. 23 125.00 4. 625 00 2.9

3.3 Trap #1  ThisSt as Been Replagely "o RO )
s roap At ﬁmﬁ“ S s e
4.6 Tot al 52.50  REPBACHD

React or Equi valygyyssbdsgd err] = 5.653 ng/ L. Ac c pcarusgrézesone
preferred enbodi nent, the effect of doubling the anmount of - conpani on
acid while at theCsanmemaiaairtingpH tof ¢hesagueruis apactibn aciutidreata wduet afiied dunimgethe f
40[err]C 20 .vvasfﬁl;srar(ﬁﬁd in a batch reaction. According to this

enbodi nent, FAERTLY 2T O de concentration of 5,637 ng/L resulted
after only 3 hourp of maiatiniggthel temperature lof tiepvesssl ontents at from \aboute30°8Cfol d
i ncrease in chlorj di oxi de producti on. Wi | e the techniques
for controll F‘Pf@“ﬁw%ﬁi‘—’r%‘ d above are preferred, other t echni ques
known i the art {RéreimChiceie idds hrePréduded inlaldAqRECB Peatlidslutival asd SR diforits €d
25 according to the present inyentjon, _ ) . . .EXAMPLE 3

In other embWs feast &Vid-sai Bydrgxy GardAXylis, arid present fhsreing, vield Ancaqugeyssproguct

i ncreasi ng t ffution that confbd SMlofiRPSkRAE BLEIsFabItiiRially PE OF cRIdréts efd; Or i ne
di oxi de were investigated. As described above, _increasi glgpt he

concentration of Bonpafmsferng # letst 3 Rogtion ofithe F&@&%#W@H@“’r% Tigsdiggide
enper at ur ¢ pahaifdH it b is Baidhd R BRSS! Vit i BRIGRSBRIECS, iy

chlorine di oxi production. Increasing the reaction tenperature of
a chenilal pyishiingsa produasgas¢ompyrising said inert gas and entrained chiorine dioxide, wherein said

41 product gas also may contain unreacted hydroxy carboxylic acid and/or companion acid;

F optionally flowing the product gas into a condenser to condense any unreacted
hydroxy carboxylic acid and/or companion acid present therein;
G flowing the product gas, optionally received from the éondenser, into a
15 chlorine dioxide absorber, wherein the product gas is contacted with an aqueous liquid to

yield an aqueous chlorine dioxide solution and a scrubbed inert gas.

33. A process for treating contaminated water, comprising the steps of:

A providing an aqueous acid solution comprising:
1 a hydroxy carboxylic acid that is capable of temporarily transferring
20 chlorine from an alkali metal salt of chlorite ion, but substantially does

not form a salt with an alkali metal salt of a chlorite ion; and
2 a companion acid that substantially does not react with an alkali metal

salt of a chlorite ion;

B combining, in a vessel, (i) an alkali metal salt of a chlorite ion, and (ii) said
25 aqueous acid solution, to yield an aqueous reaction solution;
C maintaining pH of the aqueous reaction solution at a value of < 5 during the

reaction of (i) and (ii),
wherein chlorite ions are produced in said aqueous reaction solution, and said chlorite
ions react with said hydroxy carboxylic acid present therein to yield an aqueous product

30 solution that comprises chlorine dioxide but is substantially free of chlorous acid;
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WD 97/ 30931 D

PCT/ US97/ 02157 f avor abTh Shmwesv&lén Repl ﬁ (i) bo hTW'?‘Eﬁd*@S BBEN
‘reactions are also simulated, i acelnhlbltlo E EQH)

t her rodynam ¢ equilibriummy n I}IH# whi ch has the effect

of limting t@%g%@g%{‘t of reactlon the heat of regeg

becone an inportan factor, especially for exothermc reactions. In

addition, if chirougofGéhg ssxdp;sreatsm&uﬁ&; With ¥y quénmy oPWQEH'ﬁEvmg Bt ARMANRS
the tenperature nmay be hazardous. by the reaction

equat i ons éh@emmm% vesselcior ererigl of dimg ﬁgﬁmem 0 fe@Pﬁ? erreadure thedevedof or s
di sfavori nga,ig {]ﬂ; Wheerconditions likely are not present

in the present | nvent | o operating the reaction systemof the

i nvention at an el evat ed reaction tenperature is preferred. Indeed,

e, Lermer alur Bl Gl M hlieadiEhRilth SEAME i i cohBREVLSR, HSAPU™

to be very S|gn|f|cant ©as

el evat$ ng tanemmesphericapmessureof t he reacti on sol ution can be used

according to the present invention. Preferred nmethods include an isothernmal
wat er bath surroundi ng the reactor, mcrowave heating of the aqueous
reaction soluti @, i riemdtddeas claimed i elain 39, whala‘tmiaklpﬁioﬂof‘ihfe sutficiérit o

t enperature can be tu whi ch. al | o) reactlon
o Lake. pl degoveotrve B evELS R gt teimsmid s atvaer iad L0806

20[err] C, nore preferably within the range of from about 30[err]Cto
about 45[err]C, and m)st prefe abl out, 40 C.

Using a snal | 32 nﬂr é’k%@'ﬁ?m% Xide ¢ ‘out at various

t enperat ures, I R an Iaﬁ@&h@% wﬁtwmﬁmﬂgmmaﬁ%m&a%ﬁﬂﬁ 1@k o%aé;easmt

operating 20 condi tions are di scussed nore extensively bel ow.
Exanpl@ 3a 2n outlet means for wxﬂ!ﬂ@%ere Ageouy a¢id folyton oy sakb acid storses ke 2 was

operated at 20, g0 a Q(ihf’o@{t@foh]sﬁraéi%nk comﬁmmgtlhﬁt 1%9411% rféﬂ zEcé‘p?ﬁBE h Hﬁ‘cﬂﬁ mefal €

reaction m xture was analyzed for dJerr t 2, hour s.
t he 30[ err |salt®f@ chivgtejonandan OZ“HE' means tf?lbwlmﬁifﬁwmgéalﬂaﬁkﬂhmﬂylz@éf tha chlarigeir s

ot er) c oy Ryl o s G S feu 2 0,00 O
mixing means for mixing said alkali metal salt of a chlorite ion and said
15 aqueous acid solution to prov1de an aqueous reaction solution, said mixing means being in
fluid communication with said ontlet means of said chlorite ion storage tank and said outlet
means of said acid storage tank;

D reacting means in ﬂuid communication with said mixing means for reacting

.said aqueous reaction solution to provide a product solution, said reacting means comprising
20 an outlet means for withdrawing said product solution;

E stripping means for stripping chlorine dioxide present in said product solution
from said product solution and into a gas to provide a product gas and a stripped product
solution, said stripping means being in fluid communication with said outlet means of said
reacting means; and

25 F absorbing means for absorbing chlorine dioxide present in said product gas to

provide an aqueous chlorine dioxide solution.

37. The apparatus as claimed in claim 36, wherein said mixing means comprises a

tee intersection followed by a tube packed with glass beads.
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@40[err]C, 5,600 ng/l Te ﬁ &also shown TCarty 11
Figure 17. As Figure 17 dem)n W“{ eﬁ concentrJﬁi%ﬁ@E’gfﬁASBEEN

Cderr] are obtained at hlgh at al | tines.b_ng@@'FP@AWG
hours.

WO 97/ 30931  wo 97130931 PCT/US97/02157
PCT/ US97/ 02157 Exanpl e 3b NaCl Jerr] (6.05 g) was

di ssolved in 20 nB8 ofrhmpmatukas:t:laimeﬂcimtla(im 36, )whersin axid treacting ivelssel compris¢8)
m) were adm ?' 'tL of water. The reaction solution containing

NaCl Jerr] a ufar reacto aC|ds was reacted at an initial tenperature of

40[err] C. The sanple tinmes and tenperatures are 5

presented in Table 10

bel ow. . | e 10

6€ng g 39. The appaggies ﬁc‘éﬁnﬂed in claim 38, wherein saigiubbu?ar reactor is syrrounded
Lactic Acid by a water Jacket 20 m. Acetic Acid 10

NaCl Jerr] is dissolved in 20 nl water Acids are placed in
140 m water Vol ume 184 m

Temp. 5 40.  An app#Qtus fbr disinfecting water containing contaminants comprising:

10

A an acid storage tank comprising inlet means for accepting at least one acid and
an outlet means for withdrawing an aqueous acid solution from said acid storage tank;

B a chlorite ion storage tank comprising inlet means for accepting an alkali metal
salt of a chlorite ion and an outlet means for withdrawing said alkali metal salt of a chlorite
jon from said chlorite jon storage tank;

C mixing means for mixing said alkali metal salt of a chlorite ion and said
aqueous acid solution to provide an aqueous reaction solution, said mixing means being in

fluid communication with said outlet means of said chlorite ion storage tank and said outlet

‘means of said acid storage tank;

15

20

25

D reacting means in fluid communication with said mixing means for reacting
said aqueous reaction solution to provide a product solution, said reacting means comprising
an outlet means for withdrawing said product solution;

E stripping means for stripping chlorine dioxide present in said product solution
from said product solution and into a gas to provide a product gas and a stripped product
solution, said stripping means being in fluid communication with said outlet means of said
reacting means; '

F absorbing means for absorbing chlorine dioxide present in said product gas to
provide an aqueous chlorine dioxide solution;

G mixing means for mixing said aqueous chlorine dioxide solution from said
absorbing means and water containing contaminants; and

H a contact vessel in fluid communication with said mixing means designed to

provide sufficient contact between said aqueous chlorine dioxide solution and said water

containing contaminants to effective remove and/or reduce the contaminants in said water.
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Sampl e Tinme 3 hrs 15 Tenp. 43 C

adJerr] 5,543 ng/ L - 1,020 ny
-dgerr] 27,083 ng/ L _

4,983 ng 20 Sampl e Tinme 6 hrs

Tenp. woomsbdr C ddJerr] L
1,284 ny agerr] 17,292 ny/L 25 rctntéfintd/
3,182 ny Exanpl e 3c ' NaClJerr] (6.07 g) was
dissolved in 20 nl of water. Lactic acid (4 M} and acetic acid (20
m) were conbined in 150 mM of water. The NaCl (Jerr] and acid reaction

sol utions were conbined for a total volune of 194 nml at an initial
tenperature of 27[err]C. The reaction 30 m xture was heated and the

sanple times and tenperature are presented in Table 11 bel ow.
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WO 97/ 30931
- PCT/ US97/ 02157

4,378 nmg 15
Tenp. .

5,130 ng/L
addgerr]
2,122 ny

Table 11
© 6.05 g NaCl  err] 4 m
Lactic Acid 24 Acetic Acid 5
NaCl Jerr] is dissolved in 20 ml water Aci ds apErriideresdri n
150 nl water WO3973093 Vol ure 194
pH 27 C Sampl e Tine
3 hrs 10 Tenp. . N 43 C
adgerr] 5,399 ny/L FIG. 2
1,047 ny addgerr]- 22,569 ny/L

SHP0EF-re 6 trs
54 —e— ClOg Jerr]

—m - Cl0p 995 ny
10, 938 25600 {m0

—4&- ClOg
Yel | ow gas roll e(kgut of thgégag??R%@AféD &fbgp_ bpened

20000 “w --#-- EXTRAPOLATED ClO3
mg/L AN
15000 - o ——— v————— v
10000 -
5000 - —e e
----------- DU
0 1 i 1 1
0 20 40 60 80 100 120 140 160
"~ TIME ( hours }
FIG. 3
0.40
0.35 -
0.30 -
0.25 -
cioaicio; 920 -
0.5
0.10 -
0.05
0.00 T 1 I T 1 I

0 10 20 30 40 50 60

TIME ( hours )
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As the results in Table 11 indicate
~43[err]C for 3
" 'mg/L. This is conpared to 3,853 ng/
Exanmple 1 and 2,700 ng/L for 6 hour
Tabl e 11 al so

the reaction solution start

evol ved when the beaker contai ni ng
opened. EXAMPLE 4
enbodi ment of the present invention

of the product fromthe reaction solution during the reaction process.

can be

L of
s for the sinple mxing test.

ed to deconpose,

mai ntai ning the reaction solution at
hours provided a d (Jerr] concentration of 5,399
Cgerr] for 6 hours for
As 25
WortiRadses, when the tenperature was increased t oPGHDSI70215]
and a yel |l ow gas

preferred

t he react.in sol uti on was
it laés ddi t i onal
isto separaF at4| east -a 30

portion
Thi s

done in addition to, or in lieu of, naintaining the pH of

TIME ( hours )
SUBSTITUTE SHEET (RULE 26)

tHe reaction solution at a val ué. tesstiam apout— S T p
separation is believed to serve tw) purposes. One is to provide AJerr]
~which irs substantially free of thejunreacted reactants and other s]de
products such as NaCl (err] 1 and NaCl ®err]. The other purppse is to
prevent the reaction mxture from rjeachi ng m cal
44 WO 97/ 30931
PCT/ US97/ 02157 equi li b4Qrmh 1n rds, since the reagtor wll
not have to serve as a product storlage nit, the chem cal
equilibriumlimtationg aqaqgrr] f ion will be
al | evi at ed. szlb{q‘? orter] to sgparate at |east a portionjof the
A derr] fromthe reaction solution, an _ known separating processes
can be used according to the pr Nt inyention. Preferred 5 s¢parating
processes include passing the redcCt} on golution through packed bed$ or an
3.4 -
3.2 1 .l 1 L] i
0 10 20 30 40 50 60
TIME ( hours ) '
FIG.5
500
400 -
300 -
200 -
dCldt [mg/(L hr)}
100 A
0 -
’100 . T T T T T T 7 T
0 20 40 60 80 100 120 140 160



absorption colum, and stripping. A particularly advantageous nechanismis
conti nuously reacting the reaction solution and conti nuously

wi t hdrawi ng product sol ution, and then subsequently treating the

- product solution by stripping, optionally condensing and then

absorbing. SinggdMeéss i s a substantial difference between thecragssro2157
pressure of A Jerr] and 10 t he vapor pressure of the other chem cal
speci es present in the product solution, i@ aration t echni que
which utilizes a difference in vapor pressu ferred. An especially
preferred Separating technique is to p fg preferably an
inert carrier gas, through the product solutlon This can take

pl ace either (i) while the prsg } fSmrdt
after the product solution is re
stripping process 15 occurs
reactor. The inert. gas, which4gpdtai
be passed through one or nore watler fraps to renove the A Jerr]

fromthe inert gas. The expressign "Mater trap,"” as used herein, generally
denotes a vapor - l'i quiggg gbsariper . A schenat C
di agram accordi ng to one separatilon Jefbodi nent of the invention is] 20

shown in Figure Be/diAsmgilduy 18 |i | ljJugtrates, two water traps 13, [l4 in
serial are placed af t 60the rdact or vessel 16. These traps|serve to
strip the dderr] present in a prodqucy gas 17 whi ch has bgen
passed through reactor vessel 16.] The Anert carrier gas 18 preferaply is
sel ected fromnitrogen or ar gqgg an st preferably is nitrogen.
Generally, two water traps ufficient to scrub substanfially

all of the d(err] fromthe proch used herein, 25 the term
"substantially all," is defined,aps reater of the

S chl ori ne di oxi de, tihen can

Ccdderr] entrained in tfe product gas stream Altholgh two]water
.traps are shown in Figure 18, nore or |less traps may be usgd
dependi ng on system requirenents. If a water trap i $ used,
the inventors have found that as g genfg al - gl e oggthugp, a 0
.vertically long, relatively small volune trap with a low inert gas flow
rate, attains a higher 30 ~ concentration ofIME(fjotrs)] in the sol ution and
is thus preferred. Usually, the volune of the water trap is within

the range of from about 10%to about 200% of the reactor volune. Another
preferred condition is maintaining the tenperature of the traps at a | ow
tenperature due to _ 45

FIG. 7

100 -
200 -
300 -
400 -
500 -
600 -
700
800 -

800 +— T : | .
0 10 20 30 40 50 60

TIME (hours)
SUBSTITUTE SHEET (RULE 26)
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WO 97/ 30931

PCT/ US97/ 02157 the greater solubility of the chlorine dioxide in

* the water at |ower tenperatures. The tenperature of the traps is
generally within the range of from4[err]C to about 25[err]C, preferably,
W thin the rangg ¢fsedszom about 10[err] C to about 20[err]C PCT/USY7/02157
Exanple 4a 5 The conditions of Exanple 1 were repeated with the
addition of two 150 m traps and .ar tor volune 200 m . The
results are shown in Figure 19. l e 4b Exanpl e
4a was repeated with the exception that the two water traps both had a
vol ume of 2000 ml. The results are shown in Figure 20. 10 As

Figures 19 and 20 denonstrate, the Cl02 concentration in the first trap for
Exanpl e 4a was greater than 5,000 ng/l, whereas in Exanple 4b the
concentration did not even reach 400 ng/l. These results illustrate
that the maxi num concentration attai nabl e by the product trap can
depend upon the geonetrical shape and di nensi ons, whereas the

maxi mum peak concentration tenporarily achieved by the reactor is nore

dependent upon 15 the flow rate of the nitrogen sweep gas.
EXAMPLE 5 The di scovery of the reaction equations and -
ki netics described herein assisted the inventors in determ ning the
vari abl es that have the greatest inpact on the production ofs
chl orine di oxi de. The invent| B usting these
variables in a 20 directipn to f&or the reacti showndn the above
equat i ons. 8 -
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In especially preferred enbodi nents of the present invention, the present
I nventors have found that by conbi ning several of the above
features (i.e., increase pH, increase tenperature, product renoval
~and separation), enabled especially high yields of chlorine

di oxide. 25 wooes093r According to one preferred enbodi nent, PCTUSE7IOST h

reaction simlar to that descri bed i n Exanpl e 3b, the effect of
doubling the anobunts of acid while at the 29 time reacting t he
solution at an elevated tenperature of 40[ ﬁfc was observed. The
conditions and results are presented in Table 12 bel ow. As Table 12
I ndi cates, a chlorine dioxide concentration o}: 5,637 ng/L resulted
after only3 hours of reaction tine. ’Gg
46 . WO 97/ 30931
PCT/ US97/ 02157 0 +erot-e—42-
6. 04 g Nadl J err]
Lactic Acid -0.002 40
NaClJerr] is dissolved in 104m t Acids are placed i|n
140 nl wat er -0.004V4 208
Tenp. R C | Sampl e Tinme 3 brs 10
T aco2iff | o ] . |
-0.01
’0.012 —V—-M { } - $ + } +-
0 - 20 40 60 80 100
' TIME ( hrs)
-= data —¢ order= 0.9 —a-vrder= 1.0
FIG. 10
2500
l-mr= 0.0374(C-Ceq)"0.9 -=-DATA FOR CIO2-
o000 | —- rate eq. for ClO2 -adata for ClO2
1500
-1/ra (1 hr/mol )
1000
500

0 005 01 015 02 025 03 0325 035 04
CONVERSION X
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dderr] 5,637 ng/L 1,172 ny

Adderr] 20,833 ny/L 4,333
g 15 cdderr] 6, 523 ng/ L

1, 357 ny ddgerr] 1,580 ny

Accordi ng to oWipsraesaf erred enbodi nents, the effects of proviepcTigssanzisner t
sweep gas, increased tenperature and an acid prewash was

i nvestigated. A systemsimlar to that 20 shown in Figure 18 was used to
separate the product fromthe reaction sol uff?ldn. The _ conditions and
results are presented below in Tables 13-16. FJ@G, 11 The react or

equi valent is defined as the concentration in the reactor which would have
existed if all the d J er®§! wrchtratteemrproduced—t+ e ——The conmbi e
amounts in the traps dewnstream and the anount actually remaining in

the reactor) had renmai nefl008 tHhe—reactor—

0 20 40 60 80 100
TIME (hrs)

-o- DATA —¢ order= 0.9 —a-order=1.0

FIG. 12
0.10
0.08
0.06 -
CiO2 (mole/L) ! - -a— 15T ORDER PREDICTION
0.04 i? - —.— 0.9 ORDER PREDICTION
|
!
0.02 -
I
%
0.00 -

T =T T
0 20 40 60 80 100 120 1‘110 160

TIME (hours)
- SUBSTITUTE SHEET (RULE 26)
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PCT/ US97/ 02157 Tabl e 13 Exanple 5b
6.06 g NaCl J err] Sanmpl e Tine 3 hrs 4
- Lactic Acid React or 20 m Acetic Acid
- Tenp. wo 9730539 3 - PCT/US97/02157 pH

3.4 5 NaCl Jerr] is dissolved in 20 ml water Adderr] 6,413
ng/ L Acids are placed in 150 m vvatai@ '
1, 244 ny Vol une 4 m cddgerr]
21, 354 nmg/ L Tenp. 39.5 C :
4,143 ng Trap #1 1,000 M 10 Trap #2
750 m Aci d Prewash Trap #1
Wat er. - 150 nl . pH _ 4.9
Acetic Acid 40 n dderr] 134 ng/L
Lactic Acid 8 m 134 ny
Trap #2 _ pH
5.3 . cddgerr] 1. 07
ng/ L . 5

2
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0.81 ny ' Total G gerr] 1,379

ngy ' Total Cd(err] 4,143

g React or Equi v. 7,108
ng/ L >
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Tabl e 14 Exanple 5c

7.5 g NaCl g err] Sampl e Tine 3 hrs 5
m Lactic Acid Tenp. 39.5 C 25 n
Acetic Acid WO 97/30931 React or PCTIUS97/02157
pH 3.5 5 NaCl Jerr] is dissolved in 25 nl water
cdderr] 3,167 ny/L Acids are placed in 188 ml water
770 ny cddgerr]
2,500 ng/L Vol une 243 m
3,038 ny In. tenp. 37.5 C .Bath 39.5 C 10
Fl ow 15 cc/mn Trap #1 1,000 nL Trap
#1 . Trap #2 750 nmL pH 3.9
ddgerr] 470 ng/ L Aci d Prewash <2,
470 ngy Wat er - 188 m _ Lap #2 15 gE Aceti c
Acid 50 m. pH s.gﬂ Lagtic Acid
10 mL cdderr] 17.08 ny =
12.81 ny Qlactic Aci¥ 1,253
ngy Tot al &l gﬁrﬂ] 33, 038
ngy React or v. = 5,156
ng/ L EE
=
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Sampl e Tinme

React or
39.5 C
3.6

my/ L

ng

mg/ L

gy
adderr]
846 ny
adgerr]
40. 00 ny
1,373 ny
2,278 ny
ng/ L -

6 hrs
Tenp.
pH
cddgerr] 2, 006
WO 97/30931 PCT/USS7/02157, 87
Adderr] 9, 375
2,278
846 ny/L
FIG. 16 |, L
53. 33 ny/
y J ' ' "Total 'O erd]
1 Total G errj
T React or--Eqti-v---] 5, 650
35 49 :

2.5

] 1.0 1 l i 1 L [ l | | 1 [ l

2 1 - [ L i 1
0 5 10 15 20 25
TIME, hours '

.
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FIG. 17
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Tabl e 15 Exanpl e 5d

7.54 ¢ NaCl g err] Sampl e Tine 3 hrs
m Lactic Acid Tenp. 39.5 C 25
m Aceti c Acwmib 9730931 React or PCT/US97/02157
pH 3.5 5 NaCl Jerr] is dissolved in 25 nl water
cddgerr] 3,800 ny/L Aci ds arg | aced in 188 nl water
923 g e/t dderr]
14. 583 ng/L Vol une 243
3.544 ny . In. tenp. 37.5 C Bat h 39.5 C 10
Fl ow 15 cc/mn Trap #1 1,000 nL ' Trap
#1 . "Trap #2 750 nmL pH
dderr] 428 ng/ L Aci d Prewash
428 ny Acetic Acid 62 L Trap #2 15 Lactic
Acid 12 mL pH Wat er 125 L
Adgerr] 10.88 ng/L '
8.16 ny Total A Jderr]
1,359 ny Total A Jderr]
3,544 ny React or Equi v.
5,593 ng/L Sappl e Tinme
6 hrs ———-——_QReact r
Tenp. . 39.5 C pH
3.6
b ‘(|i
|
o
- III
© ¥
S |
S
(T ~
e N -
° 93:% 8 -
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Adderr]
pH
dderr] PCT/US97/021508
. 798
#2
s P
o Total A Jderr]
Total A derr]
FiG. 19 Reactor Equiv. 5,531
. 50 -
6 C T T B ] ]
C 200 mi reactor :
g [ 150mitapt = _—"_ -
- 130 mitrap 2 o ]
a kb | =
a b g
2F TRAP2 ... "
1E .
C REACTOR .
0 & &8l — P —0—— ¢
0 5 10 15 .20 25 30
TIME, hours

FIG. 20

I ) J I

REACTOR LIQUID VOLUME 200m!
TRAP 1 2000mi
TRAP 2 2000mi

REACTOR

TRAP 2

1 1 i 1

llllllllll‘l'lll.lll'lll'lll

adqgerr] 2,164 ng/L
526 ny
©10.417 g/ L
2,531 gy
4.2
g /L WO 97/30931
ng
adqgerr] 46. 67 ny/L
35.00 ny
1,359 ny
"2,531 ngy
mg/L°
WD 97/ 30931 -
PCT/ US97/ 02157
ClO2 CONCENTRATION, o/l
14 r
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1F
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7.54 ¢ NaCl g err] _ Sanple Tine 3 hrs

5 m Lactic Acid React or 25 n Acetic Acid
pH 3.6 5 NaClJerr] is dissolved in 25 m water
ddgerr] 3,325 ng/L . Acids are placed in 188 m water
808 ny WO 97/30931 C J er r pcTrussio21s7
13,542 ny/L Vol une - 243 m
3,291 ny In. tenp. 38 C at h 40 C 10
Fl ow 15 cc/mn Trap #1 W 1 000 nL
Trap #1 Trap #2 750 L pH
4.5 , Adderr]
542 ng/ L Acid Wash
542 ny ‘Acetic Acid 250 mL Trap #2
pH 5.6 '
Adderr] 11.88 ng/L '
8.91 ng Total A derr]
1, 358 ny : ' Total A derr]
3,291 ny React or Equi v.
5,588 ng/ L 15 _ As Exanpl es %m;arz di cate, there was increased
acidity in both traps | and 2 due to acid carry over by the
nitrogen sweep gas. Although increasing acidity of the traps is not
a substantial drawback, it |eads to higher cost due to: (i) the additional
aci d which has to be provided to the reactor to conpensate for the
acid which is carried ovegog@-thetraps; 3.6
- 3.5
5000 - 3
- 3.4
4000 -
CIOp (mg/L | 33
| 2 (mglL) 3000 - - pH . pH
| 3.2
—o— ClO2 (mg/L)
00 -
20 3.1
1000 < - 3.0
0 ) 1 LI .I L ! 2'9
0 1 2 3 4 5 6 7
TIME (hrs)
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and (ii) any neutralization required if the A Jerr] cannot be used in an

acidic nmedium To 20 mnimze the acid carry over, the inventors have
. found that an inert gas flowrate in the ~ range of from about 0.01

cc/cc/sec. to 1 cc/cc/sec, preferably within the range of from about

0. 05 cc/cc/ secwmomdomat 0.2 cc/cc/sec. EXAMPL BpcErruse7iozisy

According to another preferred enbodi nent, a continuous reaction system
utilizing 25 bot h high tenperatures, product collection and pH control
was tested. A systemsimlar to I5/17

51 WO 97/ 30931
PCT/ US97/ 02157 that exenplified in Figure 22 was enpl-oyed. The
results are presented in Table 17 bel ow. As Table 17 indicates, a

total of nine runs were conpleted varying both the reactor |ength
and anount of water used. The reactor used was a half-gallon tubul ar

reactor which was ' operated. continuously at 40[err]C, along with
stripping with a nitrogen flow. The reactor was 5 made of 3 coils of
5/8 inch Teflon coated pol yet hyl ene tubing. Each coil was 50 feet (1,524
cm long with an internal vol ereby providing a 1, 449
reactor, when the reaclion sol ution way ryg § hrough I threé?c ils.
As shown in FIG 22, acetic afid 10 and |actiq agudf 20 were

adm xed in an acid st e tank 140. Sqdlun1 hlorit dito a

10 An adueous} aci
orite\and fed via Ijine 40 to

sodiumchlorite storage ta
adm xed with the sodiumc

50

FIG. 22

80

o )

30
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reactor 160. Product solution 50 was fed to a A Jerr] stripping unit 170

and cont act ed countercurrently with nitrogen gas 60. Unreacted
-sodiumchlorite was withdrawn via |ine 70 and product gas 80 was fed
to condenser 180 to condense any acid present in the product gas

80. The condensed acid solution was withdrawn via line 90 and a chlorine
di oxi de- 15 QAT ng gas 100 was fed to a A Jerr] scrubbPRFUSHI2157

190. Water 110 contacted gas m xture 100 whereby scrubbed nitrogen
was renoved via vent 120 and aqueous chlori n'%/ﬁ oxi de was wi t hdr awn
via |line 130. Tabl e 17
Ex. Anmount React or Initial Fi nal A derr] Conver- Ti me
of Lengt h NaClJerr] Adderr](ng/L) si on (mn.)
Water (cm (mg/ L) (mg/ L) 20 6a Ori gi nal 1,524 32, 850
20, 139 3,452 14. 18% 48 : 3,048
15,104 4,096  16.82% . 96 ... ____ 4,572
16, 484 4, 666 119. 16% 144 6b 1/ 2 1,524 65, 278
54,792 10,872 122.47% 48 Wt ger 3. 048
44,792 11,875 124.54% 96 lg " 4,572 !
35, 000 11,495 123.76% 144 w 6cC 1/ 3| & 1,.524. 97,778
85, 417 23,275 32.12% 48 ~. WAt ef 3,048 :
62, 500 20,900  i28. 84% 96 o 572 ;
37,500 18,050 '24.¢61% 144 As seemfronffabl d 17, !
t he maxi mum chl ori ne didxi de concent;ﬁ]i oy was for the run using .
-1/3 the normal anpunt of waterdang u g & single coil reactor.] This :
provi ded an 25 vunexpected|y K+ entration of 23,275 nmg/L of :
Cderr] in only 48 ninutes.whjch repr _ neafly a 140 fold "~
increase in chlorine dioxi de%rodUct'r-\Ai-ty_.__Thus, th|s enjbodi ment of the
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WO 97/ 30931

PCT/ US97/ 02157 present invention provides a reproducible
concentration of A err] which was previously unatt ai nabl e
according to the known nethods for.producing chlorine dioxide, including
sinply m xing @o@mgl on acid, a hydroxy carboxylic acid and pgiaab¥eiss
metal salt of a chlorlte ion. Indeed, this amount of chlorine

di oxi de far exceeds that obtained in the S|nple 5 m xi ng test, even
after the systemused therein was allowed tid/lfeact for an entire day The

sodiumchlorite selectivity (or, pure product conversion) to chlorine
~di oxi de reached over ' 32%in only 48 m nutes. The

i nventor al so observed that the reactor was supersaturated with the

chl orine di oxi de vapor and was under a m|d pressure due to the
presence of the chlorine dioxide 10 vapor. Wth this high of a
concentration of chlorine dioxide, it becones very inportant to

utilize safe handling and storage of the product due to its mld
expl osi veness at concentrations in air greater than 11%

I n another preferred enbodi nent, additional experinents were undertaken
“varying certain pavareters of the nethods descri bed above. 15

EXAMPLE 7 ' ' system similar ¥o that shown in Flguég 23 was
operated using the follo 'no reaction T

|\ ZZZZ22Z

.
///////////////////
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condi ti ons. ' Chlorite Stor age—Unt+—200~—— .. 352 g

NaCl g err] 30 20 is.Sheet Has B 1,800 m
Water (rmay bwoiyisessased) - Aci-(}'h if P PCT/U397,021800
m Acetic Acid 10 | m" ” I 160 n
Lactic Aci¥h@ols Claimed Is: ' 870 m \Water
(may be increased)’ ' Punps #1 5¢cc/ mn
25 #2- 5cc/ mn #3
10cc/ mn Reach o [ ' sne diayided ] ch.r. tor coil
L5 T n total for i hraecRg oopeucinEehlorine dioxidel SolfpRefiahl B P

‘over 15,000 ng/4 30 providing aff hquenusiaeidssajuti@ncemprifiag a super - hi gh product
concentration case. .. Pur% #1 E,urrps acid fromacid storage unit
200, punp #2 punps sbdi unf BYArOXy @HGIIE AHd B éhfaRaPlecoksiempaasilyirranstesting
and punp #3 punps Stri PPeghipfifdEe drlfliali meral skit B LRIbFiRE! bt WostdRialy does
For nost runs, nore anounts of water nmay be used. o "ot lyuns,
one or two coils nay be ussdoimsa ssdidwath anhalleali metal salt of a chlorite ion, and

53 L : . '
2 a companion acid that substantiaily does not react with an alkali metal

salt of a chlorite ion;

B combining, in a vessel, (i) an alkali metal salt of a chlorite ion, and (ii) said
10 aqueous acid sotution, to yield an aqueous reaction solution; and
C maintaining the pH of the aqueous reaction solution at a value of < -;during'

the reaction of (i) and (ii), _
wherein chlorite ions are produced in said aqueous reaction solution, and said chlorite
ions react with said hydroxy carboxylic acid present therein to yield an aqueous product

15 solution that comprises chlorine dioxide but is substantially free of chiorous acid.

2. A process for producing chlorine dioxide as claimed in claim 1, wherein Step
2.
C is carried out by maintaining the pH of the resulting reaction solution at a value of w2k

by addition of a sufficient amount of companion acid. '

I

3. A process for producing chlorine dioxide as claimed in claim 2, wherein Step
20 C is carried out by stepwise addition of companion acid during the reaction.
. i _
4. A process for producing chlorine dioxide as claimed in claim 2, wherein Step

C is carried out by continuous addition of companion acid during the reaction.
‘. 4
5. A process for producing chlorine dioxide as claimed in claim 2, wherein Step
-C is carried out by:
25 1 flowing inert gas through said either or both of said hydroxy

carboxylic acid and said companion acid, wherein a portion of either
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) i Replaced
WO 97/ 30931  This Sheet Has Been Replace:

PCT/ US97/ 02157 The continu Mlltmmt N!JlHﬂt;odi ment illustrated
in FIG 23 prhoyiogesysg hi gh concentr I"SF i ne di %T‘P{f‘s o @y
X

short period of time. Conpanion acid 10 and hydroxy carboxylic acid

30 are fed to aqid StAsiatenile pH 300 AgQEhsWehdtiondoRitidnOdr ¥ d1ed gfl% 430fne the
aqueous alkali metai salt of achloriteionis fed to chiorite ©

st orage unir¢acgisn. OfAQlﬁéﬂu@l)am d solution 5 35 is corrbl ned with the sodi um
chlorite and m in._mxer. 300 and the m?ﬁg&{rea solution is

fed to reactor 0 PRUpEMIRg (e [Rmberatdey, O M EO‘FFF’}‘ératrf&ERé@O% i Cro
gl ass aboltesigjeatden@ggh ot her m xers using conventional stirring
iechani sms are conténpl ated within t he context of the present

i nven®i on. Reactvderaig@hloane lpas arwpnodumdom sealrmabbeusafeammmoiutgmt hrd said chlorite
respective. conmponent refer | nta ins . nul.tiple coils 45

surr oundedmrw ga%‘fvétﬁ Sﬂfp Hy(?o% K8t OA%BC actd prelent thdrein é’d?}gta“s%ﬂ“ﬁﬂ“oﬂrogﬁﬂ
then is fegoluflos wcrzraﬁrprﬁwcm'eﬂhelaymae bt BtsubRBAGhIW frie 3P chl@%lfs acid;
carrier gas 60, such as nitrogen. Stripped product I's renoved via |I'ne 115
and fed to E st rtrapgfemxpg atlegst %P@lﬁ@geo fﬂiﬁtprmt Sahdt)prmma:chlgane dxide

fed t b th t
gas 15 ventRuRLY I yBRR MO ER s nably jwodnrmARiotiAcE fr Ay PRifér @liion, feteby
i ne1805 t giefdifk @ prddutt Bis@RnptiNifg 9438 inert gas and entramed EB!Urﬁﬁ'cﬁéhéé Qeréin shid

FIG 23 can be replaced by a two-stage countercurrent contacti ng
cascade, aprdadufugas alse mayrconiain ugmacnqérkydr@rmmbox)dm atid @nd/0 comphmidn iacida

first actor 125 ere ted countercur tly with an
inert carrier gg'i B%@ meprﬁ%ﬁﬁ&mﬁ%c?@%ge%“%ﬁs ‘Hé“ﬁﬁ?aﬁ?ﬁi
of contact pydrdzp cafbd,xpn@dyﬁtarw& ddmpahidtE ¢ ilesaht tHeeeidO top and fed to
the bottom of contactor 135. Preferably, both contactors 125, 135 are
surrounded by aGnat eflowinkdhe Jpseduqugaaucqpvga%llw Fegeivesh froae tthel candenserat ito 95
in coptact

5 wh t 85
oucDBL 2! Mipring difxids AERrilly kil 166 prftiiy ols 1€ Bl Wit aGiboll fiquid
Exanpl & 7 jiefli 8RhgSeous chRPRB! Ebkide SOMtioRUALS WrawRASnERgathe production of

a high 25 concentration of chlorine dioxide within a short period of
time is possible without the for mation of undesirabl e and hazardous
by- products is W W ”eg e art.

QO her enbodi nent 9 fﬁﬁt&%\?@ﬁt L on m%\nbf"fl 0 f rf)pgdratkaérﬁ @%)mppﬁxgg E#’ng in the
art from A congr&&amgr&m@éodmxa@emlbn(camgmugnd practice of the

i nvention disclosed herein. It 1s 30 I nt.ended that the specification be

consi dered as exenpl dry o Bydrewt Farbaeylic aeid dhasps capapble gf temmporarily wansggrripge
I nveggion being indicated py {0 Eﬁ%ﬂaﬂ%&h?ﬂaﬁ%f chlorite ion, but substantially does

not form a salt with an alkali metal salt of a chlorite ion; and
2 a companion acid that substantially does not react with an alkali metal

salt of a chlorite ion;

B combining, in a vessel, (i) an alkali metal salt of a chlorite ion, and (ii) said
25 aqueous acid solution, to yield an aqueous reaction solution; .
C maintaining pH of the aqueous reaction solution at a value of < J during the

reaction of (i) and (ii),
wherein chlorite ions are produced in said aqueous reaction solution, and said chlorite
ions react with said hydroxy carboxylic acid present therein to yield an aqueous product

30 solution that comprises chiorine dioxide but is substantially free of chlorous acid;
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PCT/ US97/ 02157 What | REPLACEMENT,SHEET

4% L) I—" _-.. "' i
process for woeniesng chl orine di ¢xi de, conpris n the st eps POT/US97,02157
A- provi di ng an aqueous acid |sql uﬂbdkﬁ&dmprl
1 a hmm&gmml&.ync acidl|that is capabl o terrporarily transferring

5 . chlgrine froman al kallfi metal salt of chlorite
i on, but subsf[ antially does not forma salt
with an al kali jmetals grﬁ:éss%r Prodit g'ét@oﬁx&”dloﬁﬂg comprising the st steps of: 2
an organic acid that substantially does not react wth an al a?l nmet al
salt of a chl o®te pooviding an aqueous acxd sollmon commﬂmgn ng | n a vessel, (i)

"an al kali metal salt of a.ch orit cﬂ&h% ueoys aC|d
0 B}'?) cagalale of temporanly Itrans

solution, to yield an aq 5’8 O S

mai nkai ning the pH of themaﬁﬁeﬁ'éﬁxirﬁﬂﬁiliﬁi&tﬁ%tlbf&ﬂoxﬁh@n \bﬁiﬂﬁsaﬁnaﬁgfhoes
during the reaction of é{) and wher
chlorite ions are producaet fommsas wqhmikaiemstail@aitgﬁmhloum ioapdodai d

chlorite ns react with_s hydr oxy ..cay boxyl i ¢ aci.d ent
therein to yield anQaqueB‘ﬂ gtgﬁs}"‘g é’!}y‘%’ %%FF céd’ﬁ“ &ggﬁbme&ll ne

di oxi de but is substanti gdid yfiemgnm‘ iogmhl orous aci d.

A process for Br oduci ng, chl ori ne di oxi de as clained in clai m 1, wherei n
Step combining, in a vessel, (i) an alkali metal salt of a chlorite ion, and (ii) said

10 aqueous acid solution, to yield an aqueous reaction solution; and

C maintaining the pH of the aqueous reaction solution at a value of < 4 during
the reaction of (i) and (ii), | |
wherein chlorite ions are produced in said aqueous reaction solution, and said chlorite
. ions react with said hydroxy carb@xylic acid present therein to yield an aqueous product
15 solution that comprises chlorine dioxide but is substantially free of chlorous acid.

2. A process for producing chlorine dioxide as claimed in claim 1, wherein Step
C is carried out by maintaining the pH of the resulting reaction solution at a value of 2.7 to 3.6
by addition of a sufficient amount of organic :. acid.

3. . A process for producing chiorine dioxide as claimed in claim 1., wherein Step
20 C is carried out by stepwise addition of organic.; acid during the reaction.

4, A process for producing chlorine dioxide as claimed in claim 1, wherein Step
C is carried out by continuous addition of ._organic ‘acid during the reaction.

S. A process for producing chiorine dioxide as claimed in claim 1, wherein Step

C is carried out by:
25 1 flowing inert carrier gas through said either or both of said hydroxy

carboxylic acid and said _organic_ acid, wherein a portion of either

* [ L M S *



Cis carried out by maintaini [RERUACHREEST &I‘ﬁgjﬂ esul tin i '

at a value of 2.7 to 3.6 by addition jof] a suffﬂg@mgngEET
organi c acid. , : cgss for producing chlorine

di oxi de as c%gﬁg’ ? claim1l ér%ﬁ#éggg% C i s carri escousy7ioygis7
stepw se addi organi c fc '

e ction. 4.
A process for producing chi g '&&dg'lﬂﬂtﬂ ed R @cidngat [thdt Pomprisey Qaidinsttep
Cis carried out by continuous on of organic acid during the
reaction. carfn.er gasAapdcaceés @dr produci ng chlorine dioxide

as clained in claim}] wh |n

1 flowing inert €arri b‘hw 155”& 3§ g% E%;?ﬂgﬂ?é}luﬁ%fn, s%igat ras(')txy
carboxylic acid and said Qrﬂﬁ‘ﬁérpoﬁﬂidjacl&hﬁrﬁidﬁaadpgistismbsoﬁbeélmmeﬂle aqueous
55 WO 97/°30931

PCT/ US97/ 02157 reaction solution. or boht acids is entrained to
yield an acid gas that conprises said inert
carrier gas and acid; and 2 flow ng said acid gas

into the aqueoug, reaa! prebessdbt prodacing chidrine dioxilleas tlaimed in claim 1, wherein the

weight ratio of water to acid in said aqueous acid solution is from about 1.5 to about 3.5.

7. A process for producing chlorine dioxide as claimed in claim 1, wherein the

weight ratio of water to acid in said aqueous acid solution is about 3.

10 8. A process for producing chiorine dioxide as claimed in claim 1, wherein the
| temperature of the vessel is maintained at about 40°C.

9. A process for producing chlorine dioxide as claimed in claim 1, further
comprising the step of separating at least a portion of the chiorine dloxlde'from said aqueous
product solution. T

15 10. A process for producing chlorine dioxide as claimed in claim 9, wherein the
separation of at least a portion of chlorine dioxide comprises flowing an inert carrier gas
through said aqueous product solution, wherein at least a portion of the chlorine dioxide is
entrained in the inert carrier gas to provide a product gas stream comprising. gaid

ikert carrier- gas and chlorine dioxide.

20 11. A process fdr producing chlorine dioxide as claimed in claim 10, wherein the

inert carrier gas is nitrogen gas.

12. A process for producing chlorine dioxide as claimed in claim 10, wherein
substantially all of the chlorine dioxide present in said aqueous product solution is entrained

in said inert carrier gas.

(I A



a portion of the acid in sai
reacti on sol ution.
dioxide as clained in claim1

acid in saidgg4yessss aci d-sol
7. A process for producingfc

A5 kS tbed into e ;

\ s ,ﬂﬁ?ﬂﬂigc ess for ﬂ%&gﬁﬁﬁﬁaEET
. Therein the wei ght ratio of water to

om 3 AUGMBYE abodt 1.5 to about McHUSITN2157

| ori ne di oxi as clained in claiml1,

wherein the 13. \Amgmesrsafb pi rine diuxi imclsmied iaqisdmul0, adiertin the

solution is about 8 : €ss for rodu0|n | or.in
di oxi de as s@“&?‘?ﬁ!’o"f the Ehﬁ?ﬂ'ﬁ’i‘ T £proprises passql% ‘;I%?E ?1@
i s maint ai

I@gglpgﬁmg gtfoué gﬁgxd wherein at leastfa o rﬁon of the dﬂl&ﬁﬂ%ﬁoﬁ&é uP£a?diH£Hdﬁ&

chlorine d |nca|m conprising the step
of separ at igag s@¢ant ésnatisorbeddntoi the aqﬁemlhdlquid irthedragi oxi def rom sai d aqueous
product sol ution. 15 10. A process for producing chlorine
dioxide as clainmed in claim9, wherein the separation of at |east a

portian of chlonyne ¢ grjcead ﬁ?ﬁﬁfdhéiﬂg chiopitie Hioxide 49'\@laimedein clfif 133 Wherein the
t hrough sai d aqueous product sol ution, wherein at |east a portlon of the

chl orine ditmapilths a volume within dhe: reage of from abent }0% to abeyti 200% of theototal geacter a

product gas 8 ream conprising said inert carrier gas and chlorine
di oxi de. 11. A process for producing chlorine dioxide as
claimed in claim210, wherein the inert carrier gas is nitrogen gas.
15. A process for producing chlorine dioxide as claimed in claim 1, wherein said
hydroxy carboxylic acid is Iactic acid.
10 | 16. A process for producing chlorine dioxide as claimed in claim 15, wherein said

organic acid is acetic acid.

17. A process for producing chlorine dioxide, comprising the steps of:
A providing an aqueous acid solution comprising .
1 ahydroxy carboxylic acid that is capable-of temporarily transferring
15 | _ _ chlorine from an alkali metal salt of chlorite ion, but substantially does
o - notformasaltmthanalkahmetalsaltofachlonte1onand
2 _en organic_ acid that substantially does not react with an alkali metal
sait of a chlorite ion;
B combmmg in a vessel, (i) an alkali metal salt of a chlorite ion, and (ii) said
20 aqueous acid solution, to yield an aqueous reaction solution;

wherein chlorite ions are produced in said aqueous reaction solution, and said chlorite

ions react with said hydroxy carboxylic acid present therein to yield an aqueous product
-solution that comprises chlorine dioxide but is substantially free of chlorous acid; and

C thhdrawmg at least a portion of the chlorine dioxide from the aqueous product

25 solution and separating chlorine dioxide present in said aqueous product solution from

the remaining corppohents in said aqueous product solution.

THIS SHEET HAS BEEN
REPLACED

e

Has Been Re lac

LT i \|\\



-
12. A.process for produci rm:{iﬁﬂ brrnﬁne ctrﬁ;sﬁ e as clainmed in cl

wher ei'n substanti al —aw‘"'t““’c)‘f”“f"h”‘é"“”ﬁl rine di ? &ﬁEMOSE\EjET
aqueous product solution S in sai |nert carrier gas.
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in claim 10, Wma%?-"ﬁ the se
t
o 4 Conaaer 18, | PR pileasy’

A pr

)g ?8*4? gﬁﬂp’l%duci g chlorine di oxi dew. ﬁﬁ,ﬁ&ﬁgﬁed

ation-of—the-~chj ori ne di oxi de furt

Baucih {:jlﬁﬂﬂed:ﬁmiﬁh? 19 OwREOA!S
ori ne

| oxide In sald product

C
gas streagufffciehb aﬂxbbﬂ@bﬂ Ias_—gaﬁlf&e agiflis providédjni Siep A tomaitnaimpthe pH of the aquedus

A process for producing

ide as clained in claim 13, wherein

the trap agid @aﬂﬁtﬂﬂﬁ?@l%“tﬁ%vﬁlﬁ%°gz§1 e of from about 10%to about 200% of
the total reactor vol une. A process for producing chlorine
dioxide as clainmed in claim1, wherel n sai d hydroxy carboxylic acid is '

lactic acid. 19. A pideess foﬁpmdlmuxgsclﬂmnqcﬁlom’dcmglamc@m ¢laimiil §xwhereinghe
clained | no:?g';a?ll@ LRid ot G IO ey the SefWRE'aaffonf the organic

acid.

20. A process for producing chlorine dioxide as claimed in claim 19, wherein the
organic acid provided in Step A is effected by continuously adding the organic . acid
after the commencement of the reaction. '

10 21. A process for producing chlorine dioxide as claimed in claim 17, further
o comprising maintaining the pH of the reaction solution of step B at a value of < 4 by:
1 flowing inert caxnergas through said either or both of said hydroxy
" carboxylic acid and said Qrganic. . aczd wherem a pomon of either
or both acids is entrained to yleld an acxd gas thatcompnses saxd inert
15 ' ' '. .carrier ges and acn.d, apd '
-2 flowing said acid gas mto the aqneous reactlon solutlon, so that at least
a portion of the amd m saxd acxd gas 1s absorbed into the aqueous
reaction solution. ‘

22.  Aprocess for'producihg chlorine dioxide as claimed in clalm 17, wherein the
20  weight ratio of water to acid in said aqueous acid solution is about 3.

23. A process for producing chlorine dioxide as claimed in claim 17, wherein the
temperature of the vessel is maintained at about 40°C.

24. A process for producing chlorine dioxide as claimed in claim 17, wherein Step
C is carried out by flowing an inert carrier gas through said aqueous product solution so that
25 at least a portion of the chlorine dioxide is entrained in the inert carrier gas to provide a

product gas stream comprising said inert carrier gas and chlorine dioxide.
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17. A process for produci '--crai,sisggprlaEB é eé)hnpSHEET

: THEH R
A providing an aqueous REPE/IM; #‘"u{mnﬂ- {s]
hydr oxy carboxylic acid thdt fis capabl e of iténporarily

transferringyg QB%@QF fromiany abkahijcmetal jsalt of chlorine i Grrafdbmaisy
substantial ly does not for salt wth antallkali nmetal salt of a

chlorite ion, ang A process|for proﬂucmg chlorink Fp¥ide £C¢1Sintadh cﬁﬂﬁﬁ%a%b?éxﬂ the
does not react with an alka]i netal of a
chlorite iinert carrier gas is ¥HHE " F199S-in a vessel, (i) an alkali nmetal of a
chlorite ion, and (ii) said aqueous acid solution, to yield an agueous
reaction solutlon wherein chlorite ions are produced in said

aqueous react i 0p6Sol W pRitessARA Frodukind choting dieKide A8 RUAmAl tif chRhthd Wih@EH
carboxylic acid present therein to yield an aqueous product sol ution that

conpr i ses smsanmléy ail@f( thecchiorine; djoxide present; in)srid aqueeusirodwat selutien iscentrainedd
V\/nerel ?ﬁ gg{ of organic acid is provided in Ato naintain
t he p e aqueous re ion solution at a value of [err]4; and C
vvithdravm ng at least a portion of the chlorine dioxide fromthe aqueous
product sol ution_and separatlng chl qri ne, dj oxi de, present I n, sai d aqueous
product sol uti oR?4 r ofy PERSCSSfRE H ﬁglﬂﬂ!ﬁt oxide 28; @u‘é‘aﬁ’* uderther

sol uti on. streanﬂmlgh cﬁmsﬁé ‘m‘mg’

A process ?%?prrl)sr%%igm n th%ﬁ?ﬂ‘ﬁ T as cﬁ alnmed 1 n cl gl m 17 \/\7ner el n%t lesst
the organi 8 pamrm of thei chidrine: dioxisle in satd pmﬂact ga streatrh is ahse:hmdsntoatﬁdldquwusof

t he organi W’fa 19. A process for produci ng chlorine dioxide

as clainmed &m% wherein the organic acid provided in Step Ais
effected by continuously adding the organic acid : .

10 28. A process for producing chldrine dioxide as claimed in claim 27, wherein the
trap has a volume within the range of from about 10% to about 200% of the total reactor
volume. |

29. A process for producmg chlonne dxoxxde as claxmed in clalm 17, wherein said
hydroxy carboxyhc acid is lactic acid.

15 30, A process for produclng chlorme dloxxde as claxmed mclalm 29, wherein said
organlc acid is acetic acid.

31. A process for producing chlorine dioxide, comprising the steps of:
A providing an aqueous acid solﬁtion comprising
1 a hydroxy carboxylic acid that is capabie of temporarily. transferring
20 chlorine from an alkali metal salt of chlorite ion, but substantially does
not form a salt with an alkali metal salt of a chlorite ion, and
2 anorganic acid that substantially does not react with an alkali metal
salt of a chiorite ion;

B - combining, in a vessel, (i) an alkali metal salt of a chiorite ion, and (ii) said

25 aqueous acid solution to yield an aqueous reaction solution;
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after the commencenent of th

s “B‘ééi#@nww«m— 2l 20. 0CESS, - '
produm ng chlorine dioxide a jl ainmed in cl a; m 17, furR%ﬁLAéWé&Tn&HEET

mai ntai ning the pH of the redctli ch3&tdven ‘Step B at a val ue of 1[zerr] 4
by: WO 97/30931 flowilnd inert carriet @gas through saiRFEVIROLIE,
both of said hydroxy carfoxyllc acid and said or ani c
acid, wherein @ pormamliamhgd? solution at a value,of 5 4 duEs

entrai ned_to. gas that conprises said inert
carrier ‘&‘ﬁ‘a"‘lg? g@dgy 2 flowing said acid gas into

the aqueous reacti 011 sol gbivix} ineft gdsahroaggh said aqueous acid solution compeising said
portion of the acid in said acid gas_is absqrbed into the

aqueous reaction sol uti oRydroxy carboxylio acid and spidQraaniq), ﬁ?‘QdW@FW@P 8 POFiGThe

_di oxide as clainmed in cl g*-gm}e £or'ild Eélﬁ%mt%m%&ﬂ&ﬁh%c 'gadihef Pgl?,ﬁggg d

In said aqueous acid solutronis a

prOdUCl ng chlorine di oxi ¢giddnercigas amilacid, axidil m 17, V\/nerel n the t enper at ur e
of the vessel is maintained_ at about 40[err rocess for

produci ng chl orine @i oxi SOwiRE WihaHd gas mtQ thjagepps I%?E%lsﬂluuglé? that; af least
d by fl
ol ut fon S0 that a | Sach BoHbh diihe abid B0Rid R BRSNS o Aot

solution so that at |east "a portion o e IS entr

the inert carrier gas t oegotiomisolatienpr oduct gas stream conprising said
inert carrier gas and,ch] orine dioxide.

1 f
prodfcing chl oPine WAipRNng, the tPoperapure Rf@%YW@WE’#ﬁmO&%M{’YﬁQm
carrier 9asu30nd kP $oS°C,

~ wherein chlorite ions are produced in said aqueous reaction solution, and said chlorite

jons react with said hydroxy carboxylic aciﬂ present therein to yield an aqueous product
solution that comprises chlorine dioxide but is substantially free of chlorous acid, and .

15 E flowing an inert gas through at least a portion of said product soluti-o"n which

has been removed from said vessel, wherem at least a pomon of the chlorine dioxide in said

product solution is ‘entrained in said inert gas to yield a product gas compnsmg inert gas and
chlorine dioxide; and .

) F flowing the product gas into a trap comprising an aqueous liquid to separate

20 at least a portion of the chlorine dioxide from the inert gas, thereby yielding an aqueous

chlorine dioxide solution.

32. A process for the contimous production of chlorine dioxide, comprising the
steps of: i )
A providing an aqueous acid solution comprising
25 . 1 a hydroxy carboxylic acid that is capable of temporarily transferring
chlorine from an alkali metal salt of chlorite ion, but substantially does
not form a salt with an alkali metal sait of a chlorite ion, and
2 an organic. acid that substantially does not react with an alkali metal
salt of a chlorite ion;
30 B combining, in a vessel, (i) an alkali metal salt of a chlorite ion, and (ii) said
aqueous acid solution to yield an aqueous reaction solution;
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60 : heet Has Been Replac

U ) R - " il




58

in cl'aim 23, wherein substanti ol bRl
sai d aqueous ?ﬁljb { solution |sle ed’in
26. A proce@ or%

Jal i’”“*}"’?ﬂ‘g'\g or1 nREPEAGE HENTSHEET
idinert carr'rg,i.mg 157

rine dioxi-gde-as| clainmed in clarm?23,

25. A proces

Al

produci ng chl

further conprising pﬁﬁ%itﬂﬁin?gﬁ; B 2UfueSlASreidtioR PO 4 Vafkel Jf oL LARNg Bk NY

aqueous |iquid, wherein at

port+orm ol the chlorine dioxide 1n-sald

product gaseastioreafi(i) andiliiglor bed i nto the aqueous liquid in the trap.

27. A process for producin hl orine dioxide as clainmed in claim2
Wheretn' he.t 1 ap has RSP0 ERPHRRS 3 6 eSS PG fiom 8o JOs o e
200% of th 43l (de@RE Sizh), Vol une. 28. A process for producing

chl orine d?%é("?de (asﬁgleaii%n%d in claim17, wherein said hydroxy carboxylic

acid Bs |actic abertin chlorite iomscare prdyred msaidf aquepnsgdartion golutibn indesaidi ahidrite
as clai m:"diolng rcelacat““rr?thz %aid%%rr:oex'yncasf%&lﬁr a5 'p(fesgﬁt' &e:"c?n w ge'l& agcalqgéous product
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20

30
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solution that comprises chlorine dioxide but is substantially free of chiorous acid;

E transferring at least a portion of the product solution into a chlorine dioxide
stripper in which inert gas is passed into intimate contact with acid product solution, théreby
yielding a product gas comprising said inert gas and entrained chlorine dioxide, wherein said
product gas also may contain unreacted hydroxy carboxylic acid and/or organic acid;

F optionally flowing the product gas into a condenser to condense any unreacted
hydroxy carboxylic acid and/or organic acid present therein;

G flowing the product gas, optionally received from the condenser, into a
chiorine dioxide absorber, vv;herein the product gas is contacted with an aqueous liquid to
yield an aqueous chlorine dioxide solution and a scrubbed inert gas.

33. A process for treating contaminated water, comprising the steps of:
A providing-an aqueous acid solution comprising:
| 1 a hydroxy carboxylic acid that is capable of tempbrarily transferring
chlorine from an alkali metal salt of chlorite ion, but substantially does
not form a salt with an alkali metal salt of a chlorite ion; and
2 an organic acid that substantially does not react with an alkali metal

salt of a chlorite ion;
B combining, in a vessel, (i)'an alkali metal salt of a chlorite ion, and (ii) said
aqueous acid solution, to yield an aqueous reaction solution;
C maintaining pH of the aqueous reaction solution at a value of < 4 during the
reaction of (i) and (ii), '
wherein chlorite ions are produced in said aqueous reaction solution, and said chlorite
ions react with said hydrbxy carboxylic acid present therein to yield an aqueous product

solution that comprises chlorine dioxide but is substantiaily free of chlorous acid;
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30. ‘A process for produci ng chl ori ne di oxi de, conprising the steps of:
A . providinhg an aqueous acid solution conprising : 1 a
hydr oxy carboxylic acid that is capable of tenporarily

transferring chl @gine L. . .of chl.orit.e i.en, .
substantial ly doz ’ notA ﬁgo%gogh{ﬁﬁhébng‘éﬁ@hngﬁl?g{@ ar?e{fgéﬁleggff 13%? 1:9? Wherein
chlorite iothe sepération of the chloride dioxidefufth@e¢uniprizes gassing! the phedwen gadstréantioes
not react with an al kali netal L . salt of a chlorite ion;
B conbi firaegh prirsp gempesing (adpeqns liquidy whereinast leastia pertioncef the eldosiem
and (1) Safhride in HdFRTcP Gheberd@hnil htOrted it théadBo RN hERGD! O"
mai nt ai ni ng pH of the aqueous reaction solution at a value of [err]4 during
the reaction of (i) and (ii) by, . A | _flgv_vin,inert gas
through said aqudbus Acprecess fof produeing ghloging dioxide as claimed in claim 13, wherginy

thr 30 ; _ phlegin _ .,
portion o e i af & NANERE Wl AR, O RGR‘abdtlUTOR B foont 200% of b toal

.conprises spéadtor velumegas and acid, and 2 flowi ng said
acid gas into the agueous reaction solution, so that at
| east a portion of the acid in said acid gas is absorbed into the

aqueous reactiony50l Ul Bihcess for producing chlorine dioxide as claimed in claim 1, wherein

said hydroxy carboxylic acid is lactic acid.

N~ 16. A process for producing chlorine dioxide as claimed in claim 15, wherein
said organic acid is acetic acid.
17. A process for producing chlorine dioxide, comprising' the steps of:
A providing an aqueous acid solution comprising
1 " a hydroxy carboxylic acid that is capable of temporarily
transferring chlorine from an alkali metal salt of chlorine ion, but
substantially does not form a salt with an alkali metal salt of a
chlorite ion, and '
2 an organic acid that substantially does not react with an alkali metal
o salt of a chlorite ion; _
~ B combining, in a vessel, (i) an alkali metal of a chlorite ion, and (ii) said

aqueous acid solution, to yield an aqueous reaction solution;

wherein chlorite ions are produced in said aqueous reaction solution, and said
chlorite ions react with said hydroxy carboxylic acid present therein to yield an ;queous
product solution that comprises chlorine dioxide but is substantially free of chlorous acid;
and wherein a sufficient amount of organic acid is provided in A to maintain the pH of the
aqueous reaction solution at a value of <4; and

C withdrawing at least a portion of the chlorine dioxide from the aqueous

product solution and separating chlorine dioxide present in said aqueous product solution

from the remaining components in said aqueous product solution.
57
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D mai ntai’ning the tenperature of the vessel contents within the range
of f,rom about 20 [err]C to about 60 [err]C, wherein chlorite ions
are produced in said agueous reaction solution, and said chlorite ions
react wi th said hydroxy carboxylic acid present_therein to yield_an aqueous
product sol uti onl8hat AcpropessJesprodneng shlorine dioxidensiclaimed i slaim ti7aWhereiny oo

of chl or ous 4ac) .and: . l.0W L ner r
portion of gg.el @gﬁ?lggglgtprg&dﬁ?%? t%‘{\clg%%e%ggnth? g%@vie% a?pg%ngtg‘i th?@%éaggﬁ ,
wherein at heidst a portion of the chlorine dioxide in said product solution
Is entrained in said inert gas to yield a product gas conprising:inert gas
and chl ori ne di oxi de; and F flowing the product gas into a trap
conpri sing an aqygous Al j.oul BBk tike i ne
di oxide fromt helflg'ner Iggésgtfﬁlg?réggaﬁy?g@& n%hg’%ﬁfgq%eousggﬁgﬁ%elgﬁwg%%
sol uti on. the organidlacid pravided de StepfAis dffeeted ytdontimomsiyraddingtthe orgahic acid

chl orine dioxide, conprising the steps of: A provi di ng an
‘aqueous aci d a¥r the comm gqt{}‘éhereaguon. 1 a hydroxy carboxylic
acid that is capable of tenporarily transferring

chlorine froman alkali nmetal salt of chlorite ion, but substantially

does not forma 8@t Wi piocess fat keoducing ichlorineldioxide as claimed ineclaiom 1 7,afutther

2 an organic acid that .supstantially does not react_with an al kgl i

net al comprising mam&mn% etpﬁ;?f' tge tion §oé1r1}}c51rp ep B3t a galie of égﬂm ni ng,

in avessel, (i) an alkali ngRiml inekkmief gk thiugh 548 eithéhordth df said Hydesky

aqueous acid solution to yield an aqueous reaction sol ution;

60 \/ carboxylic acid and said organic acid, wherein a portion of either or
both acids is entrained to yield an acid gas that comprises said inert
carrier gas and acid; and

2 flowing said acid gas into the aqueous reaction solution, so that at
least a portion of the acid in said acid gas is absorbed into the
aqueous reaction solution.

21. A process for producing chlorine dioxide as cl;aimed in claim 17, wherein
the weight ratio of water to acid in said aqueous acid solution is about 3.
22. A process for producing chlorine dioxide as claimed in claim 17, wherein
U the temperature of the vessel is maintained at about 40°C.

23. A process for producing chlorine dioxide as claimed in claim 17, wherein
Step C is carried out by flowing ‘an inert carrier gas through said aqueous product
solution so that at least a portion of the chlorine dioxide is enfrained in the inert carrier
gas to provide a product gas stream comprising said inert carrier gas and chlorine
dioxide.

24. A process for producing chlorine dioxide as claimed in claim 23, wherein

the inert carrier gas is nitrogen gas.
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C mai nt ai'ni ng pH of the aqueous reaction solution at a value of [err]4
durizng the reaction of (i) and (ii); D mintaining the tenperature
of the vessel contents at fromabout 30 [err]C to about 45 (degree sign),
wherein chlorite ions are produced in said aqueous reaction solution, and
said chlorite ions react with said hydroxy carboxylic acid present therein
to yield an aque o7 i . g i | 9X%I t is
substantial ly frceéesgof A(c)‘%ﬁgérs(s)zésij é’é{l\g&nﬁ mhnﬁ@@&id%%sﬁg%??&e??ﬁ%ghg?’ ﬁgeggfgi a
portion of twabstastihillytalb of whe ohloting dioxidehpreséntdn daitxaqleoss praanet solutioshisch
inert gas is passed.into . intimte contact with acid product sol ution,

t her eby vyi el cﬁnﬁ'@mﬁdﬂﬁﬁ?dg&eﬂg’égl%gﬁbri sing said inert gas and entrained

chl ori ne di oxi de, wherein said product gas al so may contain unreacted

hydr oxy carboxylic acid and/or organic acid; F optionally

flowi ng the prodif. gAsprontss fer produeing ehlorine dioxidenaseclaimyeduinr claiot 23] fogthieroxy
carboxylic acid and/or o.rg ni ¢ aci (;I&Tgresent th&rgei n, ... G ftovm’ ng
‘the product FREPTISHE RASSIPE e RrOJNcES SERM through A deR.wmprisigcaqueeyy iyithe

di oxi de absor\f’ﬁ}’rein%t’efaa! a{})&ﬁﬁ? Bf ¢k rﬁ@&&dx%&ﬁ%&iﬂ?r@dhc‘f\géé’stﬁanﬁg HbsoiSed

liquid to yield an aqueous chl orine dioxide solution and a scrubbed inert
gas. in®Zhe aquiops liquid én thertrapr eat i ng cont ami nat ed wat er, conpri si ng
the steps of: A provi di ng an aqueous acid sol ution conpri sing:
1 a hydroxy carboxylic acid that is capable of tenporarily transferring

chlorine from an 2 kaji proBdsa forsptbéucdlg elbfind didxideds chiithed UDElaii 26 2vhétein

‘does not forma salt with an al'kali netal salt of a chlorite ion; and

2 ( .an or gdh¢ trapbnsia velume wishinathe irangeyof fom ahot 108t abgut 208% ofi the tatal

nmet salt of a chlorite ion; B conbi ni ng,
in a vessel, rf?c)toravr?th?(ali metal salt of a chlorite ion, and (ii) said
aqueous acid solution, to yield an aqueous reaction sol ution;

mai nt ai ni ng pH of_ the aqueous reaction solution at a vyalue of [err]4 during

) [
the reaction of (38 af\dPrpesss for producing,pllpring diekidsas claimegh i glaim 1/ owhereid |
sai d aqueous g I %ﬂ;d* iiQQcid?ﬂlqct?@ic‘i'd.Chl orite ions react with said
p the

hydr oxy carboxyli1°c aci resent rein to yield an aqueous product

solution that conprises chlorine dioxide but is substantially free of

chl orous aci d; . C e . . . . .
29. A process for producing chlorine dioxide as claimed in claim 28, wherein

said organic acid is acetic acid.

30. A process for producing chlorine dioxide, comprising the steps of:
A providing an aqueous acid solution comprising
1 a hydroxy carboxylic acid that is capable of temporarily
transferring chlorine from an alkali metal salt of chlorite ion, but
substantially does not form a salt with an alkali metal salt of a
chlorite ion, and
2 an organic acid that substantially does not react with an alkali metal
salt of a chlorite ion;
B combining, in a vessel, (i) an alkali metal salt of a chlorite ion, and (ii) said

aqueous acid solution to yield an aqueous reaction solution;
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61 : ' ‘D contacting said product solution with a quantity of
wat er havi ng' contam nants therein in a contact vessel for a period of tine
sufficient to renove or reduce the |level of said contam nants from said

wat er . . The nmeth clainmed in claim32 erein, sa.d

bont et vessel | & ope NGS5 ah D Adhrqs spastiof saiuon 2t a Vilie 6,4 gz the

nmet hod as claj : ki we2, Wherein said period of tinme sufficient to
by CHS‘gdg)fAe%‘Pbg

renove or re?uce th ¥ said contaminants fromsaid water is greater
than 10 mi nutes. 1 3wing Awertgasathaough $aid aquéduspeich solutioe cdinprisidg

conpri si ng: A an gcj d. storage _tank co I si,ng inlet.meaps for
accepting at |east one aci %&n gy Qf‘ylffbéﬂﬁ g;g{s%fitm% .’awﬁgﬁWeﬂus
acid solution fromsaid acigriinfad@er &Woth acids is erffrained téy?é]t'lﬁﬁ'a&ﬁ gal ‘that
storage tank conprising inlfet nmeans for accepting an alkali netal salt of a

chlorite ion and an outl et comprisesfsaid inért patrandianigl, aed d al kali netal salt of
a chlorite ion fromsiid C

means for m xi ng said”al kaHO%ﬁllgt g“}“ll ggiptsgtag][inatgetg%%@&qop%r?agﬁo%%@ug%?oéh{}%us
acid solution to provide afesgflddriod fdhd asidsial daid asid ERiid dbsebBd inMBahe
being in aqueous reaction solution; '
D maintaining the temperature of the vessel contents within the range of from
about 20 °C to about 60 °C,

b’ wherein chlorite ions are produced in said aqueous reaction solution, and said
chlorite ions react with said hydroxy carboxylic acid present therein to yield an aqueous
product solution that comprises chlorine dioxide but is substantially free of chlorous acid,
and

E flowing inert gas through at least a portion of said product solution which
has been removed from said vessel, wherein at least a portion of the chlorine dioxide in
said product solution is entrained in said inert gas to yield a product gas comprising inert
gas and chlorine dioxide; and

F flowing the product gas into a trap comprising an aqueous liquid to
separate at least a portion of the chlorine dioxide from the inert gas, thereby yielding an

aqueous chlorine dioxide solution.

31. A process for the continuous production of chlorine dioxide, comprising

the steps of:
A providing an aqueous acid solution comprising
1 a hydroxy carboxylic acid that is capable of temporarily transferring
chlorine from an alkali metal salt of chlorite ion, but substantially
does not form a salt with an alkali metal salt of a chlorite ion, and
2 an organic acid that substantially does not react with an alkali metal
salt of a chlorite ion;
B combining, in a vessel, (i) an alkali metal salt of a chlorite ion, and (ii) said
aqueous acid solution to yield an aqueous reaction solution; REPLACEMENT SHEET
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fluid comuni'cation with said outlet means of said chlorite ion storage ‘
tank and said outlet neans of said acid storage tank; D reacting
means in fluid comuni cation with said m xing neans for reacting said

aqueous reaction _solution to provide a product solution, said.r tin
means conpri si ngCan omar%%l%aﬁg°¢'g1iaw H%we&wgs‘)i‘aqoa%?a Pfégla‘ﬁ‘f'{‘%ﬁ‘,e

E stri ppi ﬂW‘an ~.Stripping chlorine dioxide present in said
product sol {ﬁa?%% r mfggli% product solution and into a gas to provide a
product gas and B str majsainingdhe tempecdtutei afrthe sessel aintentpatmijomeshost 307G i n
fluid conmmunj cat i gg W th 3ai d outlet nmeans of said reacting neans; and

F absor %4 . C&B®¥Vabsor bi ng chl.orine dioxide present in said
product gas to PyRMieH cRIBrifdI RS Yte Prodiiced n dhid*ddiBoOedblisH solution, and sai®-
The apparatus as clained in claim "35, wherein said mxing neans ‘conprises
a tee inter chlotitedons rdatbwithl sbid hydraxtyecapboxiytic avidt fresgnt therdim alyield an aqueous

62 , he apparatus as clained in claj m 35 erein, said
‘reacting ve_E@QPCté_Bﬁ'g'PP@ cgmpﬁ pﬁfonpgaaxbc},e%ut 18 su'b&ant.laiig.r%ee dfﬁgﬁé?}ﬁé"rc us
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wat er j acket. 39. An apparatus for disinfecting water containing
cont am nant sripperpini whiel): inert gas is passed into intimate contact with acid product solution,
thereby yielding a product gas comprising said inert gas and entrained chlorine dioxide,

wherein said product gas also may contain unreacted hydroxy carboxylic acid and/or

\./ organic acid;

F optionally flowing the product gas into a condenser to condense any
unreacted hydroxy carboxylic acid and/or organic acid present therein;

G flowing the product gas, optionally received from the condenser, into a
chlorine dioxide absorber, wherein the product gas is contacted with an aqueous liquid to
yield an aqueous chlorine dioxide solution and a scrubbed inert gas.

32. A process for treating contaminated water, comprising the steps of:

A providing an aqueous acid solution comprising:

1 a hydroxy carboxyﬁc acid that is capable of temporarily transferring
chlorine from an alkali metal salt of chlorite ion, but substantially
\/ ~ does not form a salt with an alkali metal salt of a chlorite ion; and

2 an organic acid that substantially does not react with an alkali metal
salt of a chlorite ion; .
B combining, in a vessel, (i) an alkali metal salt of a chlorite ion, and (ii) said
aqueous acid solution, to yield an aqueous reaction solution;
C maintaining pH of the aqueous reaction solution at a value of <4 during the
reaction of (i) and (i),
wherein chlorite ions are produced in said aqueous reaction solution, and said
chlorite ions react with said hydroxy carboxylic acid present therein to yield an aqueous

product solution that comprises chlorine dioxide but is substantially free of chlorous acid;
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A an acid storage tank conprising inlet neans for accepting at |east
one,acid and an:outlet neans for w thdrawi ng an aqueous acid solution from -
said acid storage tank; B a chlorite ion storage tank conpri sing
inlet means for accepting .an alkali netal sal twgtg a chlorite_ion and an

outl et neans forPwi t (RDEAKHAG said gproduct) solytion, with| g gpaniity noh water | kymng om

id chlorife.i - f k- i | j d
sal d chlor '#0%‘53@{_ i ﬁ%%g'ﬁf’% ar""?(%ﬁetact vessel fg aglmaod%f(ﬁrﬂgsm@{} t{ggfzm'g’.vé(bﬂ?gﬁ@

al kali meta 'on and s aqueous acl ution

provi de an theisvelsf saboomntanmingns fromosaid water i xi ng neans being in fluid
communi cation with said outlet nmeans of said chlorite ion storage tank and
said outlet neans of said acid storage tank; D reacting nmeans in
fluid comuni catgson widimebd albibinish SRR 120 WheRAT il Somiak de8RH RUbrated
reaction solution to provide a product solution, said reacting neans

conpri si ng amtnesphetic pressuse.f or wi t hdrawi ng sai d product sol ution; E
stripping neans for stripping chlorine dioxide present in said product
solution fromsaid product solution and into a gas to provide a product gas
and a stripped pgductheSmbiibl @8 clafitédinSélainP B2, \ohetEiANaidSried dfftinhé Stifficient
communi cation with said outlet neans of said Treacting neans, F

absor bi ng rteaemove or atduse the) devieh o said cogtaminangs frons said watersisi greggenthantllgas

to provide an ﬁ ueous chl orine dioxide sol ution; G m Xi ng neans
for m xing ety ‘aqueous chl orine di oxide solution from said absorbing neans
and water containing contam nants; and H a contact vessel in

fluid communication with said m xi ng neans designed to provide sufficient
_contact bet ween 3ai d Awryappsaiusfor sraking chlosineioxide ¢AmPrISiRgid sai d wat er

conbat ni g CONt agt Ay @siBflE G ConfyHg Infef ot £o7 dUicibf G Q! NIRRT S

-in said water.
and an outlet means for withdrawing an aqueous acid solution from said acid storage tank;

B a chlorite ion storage tank comprising inlet means for accepting an alkali
metal salt of a chlorite ion and an outlet means for withdrawing said alkali metal salt of a
chlorite ion from said chlorite ion storage tank;

C mixing means for mixing said alkali metal salt of a chlorite ion and said
aqueous acid solution to provide an aqueous reaction solution, said mixing means being in
fluid communication with said outlet means of said chlorite ion storage tank and said
outlet means of said acid storage tank;

D reacting means in fluid communication with said mixing means for reacting
said aqueous reaction solution to provide a product solution, said reacting means
comprising an outlet means for withdrawing said product solution;

E stripping means for stripping chlorine dioxide present in said product
solution from said product solution and into a gas to provide a product gas and a stripped
product solution, said stripping means being in fluid communication with said outlet
means of said reacting means; and

F  absorbing means for absorbing chlorine dioxide present in said product gas

to provide an aqueous chlorine dioxide solution.

36. The apparatus as claimed in claim 35, wherein said mixing means

comprises a tee intersection followed by a tube packed with glass beads.
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37. The apparatus as claimed in claim 35, wherein said reacting vessel

comprises a tubular reactor.

38. The apparatus as claimed in claim 37, wherein said tubular reactor is

surrounded by a water jacket.

39.  An apparatus for disinfecting water containing contaminants comprising:

A an acid storage tank comprising inlet means for accepting at least one acid
and an outlet means for withdrawing an aqueous acid solution from said acid storage tank;

B a chlorite ion storage tank comprising inlet means for accepting an alkali
metal salt of a chlbrite ion and an outlet means for withdrawing said alkali metal salt of a
chlorite ion from said chlorite ion storage tank;

C mixing means for mixing said alkali metal salt of a chlorite ion and said
aqueous acid solution to provide an aqueous reaction solution, said mixing means being in
fluid communication with said outlet means of said chlorite ion storage tank and said
outlet means of said acid stoi'age tank;

D reacting means in fluid communication with said mixing means for reacting
said aqueous reaction solution to provide a product solution, said reacting meéns
comprising an outlet means for withdrawing said product solution;

E | stripping means for stripping chlorine dioxide present in said product
solution from said product solution and into a gas to provide a product gas and a stripped
product solution, said stripping means being in fluid communication with said outlet
means of said reacting means;

F absorbing means for absorbing chlorine dioxide present in said product gas
to provide an aqueous chlorine dioxide solution;

G mixing means for mixing said aqueous chlorine dioxide solution from said
absorbing means and water containing contaminants; and

H a contact vessel in fluid communication with said mixing means designed
to provide sufficient contact between said aqueous chlorine dioxide solution and said
water containing contaminants to effective remove and/or reduce the contaminants in said

water.
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(S7) Abstract

A method of forming an aqueous chlorine dioxide solution is disclosed which includes reacting in a reaction vessel an acid reaction
solution containing a2 hydroxy carboxylic acid and a companion acid with an alkali metal salt of a chlorite ion. In accordance with the
process, the hydroxy carboxylic acid serves to temporarily transfer chlorine from and does not form a salt with the alkali metal salt of
a chlorite ion. The aqueous chlorine dioxide solution produced is substantiaily free of chlorous acid and preferably is free of other by-
products such as sodium chloride and free chlorine, The method further includes maintaining the reaction vessel at a pH of less than
5 and/or withdrawing at least a portion of the chlorine dioxide from the aqueous chlorine dioxide solution. The method enables rapid,
cfficient, compact and safe generation of chlorine dioxide. A method of disinfecting water, and apparatus for making chlorine dioxide and

for disinfecting water also arc provided.




