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PCT/ US01/ 25151 BACKGROUND OF THE | NVENTI ON This invention rel ates
generally to an apparatus for generating chlorine dioxide. In one aspect,
it relates to a solid-state chlorine dioxide generator. |In another aspect,
it relates to a chlorine dioxide generator featuring a novel reaction

col umm whi ch provides exceptional reaction efficiency and allows the
generator to operate over a w de range of production rates. Chlorine

di oxi de (C102) is a strong oxidizing agent and is used in a variety of

i ndustrial applications including nmunicipal water treatnment as a
bactericide, taste and odor control, and zebra nussel infestation control,
to nane a few Cl102 is a powerful viricide, bactericide, protocide, and
al gaecide. In addition, Cl02 does not form  THM s (tri hal omet hane) which is
a carcinogen. Cl02 can be prepared by oxidation of chlorites or reduction
of chlorates. In a pref€HIQORENDIONINE GENERATORt or of the present
invention is a vacuumdriven sodiumchlorite (NaCl02)/chlorine (C12)
reactor. The Cl2 may be used directly or it may be formed by the
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reaction of HO and sodi um hypochlorite. At normal operating pressures and
tenperatures, Cl02 is a gas and is extrenely explosive (above about 300 mm
Hg presswe o122 may detonate). Because of its expl osi venPeFUSGLBE S
usual | y generated under a vacuum and di ssolved in water for use. Cl02 is
unstabl e chemcally and thus cannot be shipped; it nust be generated on
site. A nunber of vacuumdriven Cl02 generators are comrercially avail able.
Wul can,, c;-én s 0. Qr e Rio_Linda Chemcal Co.) nmarkets a Cl102
gener & LRGR So NHBNIAON | on "WW Series”. This generator is
simlar to the generator disclosed in U S. Patent No. 4,590,057. As seen
i n Fi gur es Thisigdentiogfrelates geperaliyito awapparabgfo0geherating chiorinadioyddeer 3 ose i S
an assenbly of pieces of tubing interconnected by fittings, couplings,
el bowsspesty titeehatds to alsolid-statnchlorire dibkide gdifepser. dampoME isped! & ragestss to a
relatively | arge nmounting board or surface. The 2 WD 02/ 14216
PCT/ USfilbtin® 8kidesfviefabdr EANIRES h@fb? réaRfbh ESHmR VAT ProSiads Ev?l%pﬁgnaqr essure

an

and vacuum | eaks which could result in poor perfornmance conver si on
effici ' | | r | nt enance ., and increased
space r%ﬁ%’? ?@rﬁgﬁ% % g#l% ?ﬁﬁy ns§ g%@ﬁ?{g{&f kdég%é%é rgg‘%c?rwmg% "H&& O R S te. The
conver si on bCl ency | fined as the ratio of, the actual anpunt (mass)
of C102 pr (‘)’%{lj%ien(f cﬁ%mﬁ%Lélﬁﬁg&sgﬁopggpdﬁlﬂg peenpand,is yseddn aapight ofgpdysteial; ant s
(see ggaati.on ]%é) bel ow),., As described in detail below, the preferred

gener 3PRicayipns ipeludingawhicipal water Gentmentas adiartgricide,daste archedaxtcontrol, aird f eed

| i nes and check val ves bored into and incorporated in a solid block. The
pr es e@ebry Enspel infestatien ¢aniroldd neme arfew. GitY is s powenfid ofiricide Watterigide, smal |
installation area. The prior art vacuum Cl02 generators all have a reaction
col umprotbide andhealgaeaitearinuddition, OGRS nbtfofh MEIM'S (€A RAfRthahe) fhlcH C102.

The Vul can generator enploys a reaction columm

is a carcinogen. ClO; can be prepared by oxidation of chlorites or reduction of chlorates. In a

preferred embodiment, the generator of the present invention is a vacuum-driven sodium chlorite
(NaClOz)/chlorine (Cly) reactor. The Cl, may be used directly or it may be formed by the
reaction of HCI and sodium hypochlorite.

At normal operating pressures and temperatures, ClO, is a gas and is extremely explosive
(above about 300 mm Hg pressure ClO, may detonate). Because of its explosiveness, ClO, is
usually generated under a vacuum and dissolved in water for use. CIO; is unstable chemically
and thus cannot be shipped; it must be generated on site.

A number of vacuum-driven ClO; generators are commercially available. Vulcan
Chemical Co. (formerly Rio Linda Chemical Co.) markets a ClO; generator under the trade
designation "WM-Series". This generator is similar to the generator disclosed in U.S. Patent
No. 4,590,057. As seen in Figures 1 and 2 of U.S. Patent No. 4,590,057, the Vulcan generator is
an assembly of pieces of tubing interconnected by fittings, couplings, elbows, external valves

and the like. These components are secured to a relatively large mounting board or surface. The



filled wth particulate packing to enhance m xing of the reactants in the
reaction colum. Wthout the packing, the reactants may by-bass one

anot her wvo ht/ni2tde reaction columm and thereby reduce effPCcT@Rey2515ihe use
of packing is objectionable because i) it causes a pressure drop across
the reaction colum which limts throughput, and ii) it may becone cl ogged
over time requiring shutdown of the generator for replacing and/ or cleaning
the p ' . ' . SUMVARY OF THE | NVENTI The gresent

| nvent ikl toRiton ARGk bRt MR BN Rapd Vel which SSuBireiia o
constructiegp and/ or 'ig enpl O%%F .a novel "éiuned" reaction colum that does
not r&qHFR OEHE;%Q?kP'Hbc TYSESiqn cficigngy.- ﬁ%\% sadvampgesincledobighergnaiatenance
efficiency. The present generator conprises a body having forned therein a
t uned 2pdHicreased spareFRquiraments for instelling thetgenerstar ehthe iretustriaf sitan ThO2 gas, an
eductor connected to the reaction colum for 3 WD 02/14216 PCT/US01/25151

di ssolconvegsiothefficibddy ipadefinad as thatrstio oftthe amil(anfoﬂhmrﬂd%_slﬁﬁl@@'z' prédiedd frfhet | on,
and a discharge Iine for discharging the solution. The reactant inlets,

r eact idsordiohlIH fRUEY N amdil ot SRSt dhariot AHBERRYY | Nt e connect ed
t hrough passages bored or nachined in the body ereby elimnating the

assort ment AQf i kbt c.) used i rior. art
desi gns. Tﬁ% dse (E)‘T}lf WZI'E g%téhb g‘SN{’ Ig% ﬂé&ﬁﬁ%%‘%@%@n‘fﬁé@%ﬁ'ﬁ 8}"68{%? Siaied-
press n acu | eaks, r.educes . nmai.ntenance, .and reduyces t{he overall

si ze gga?etg%iggrﬁgoﬁ&lg}n%ﬁ%?s’ 33‘8,{‘3\8 "é"’rk‘(esil’#ﬁ’é?cgfl‘ioaat“idd’i‘F%PP@ﬁeflé‘?aW@ Yegker r ed
reactgpnts are an aqueous solution of sodiumchlorite (Nad Q2) and chlorine
gas (@2??65%&%8?3@@5 pslopemaigtanance iy is spEPAgi oEuitinga sarbingtadadnyreanay

al so be used. The eductor conprises a suction chanber which is fluid
communi cat 188 pript 3t varsumeGléd:i generatsirsiathhave a reaction column where the reactants are

brought together and react to form Cl0,. The Vulcan generator employs a reaction column
filled with particulate packing to enhance mixing of the reactants in the reaction column.

Without the packing, the reactants may by-bass one another within the reaction column

and thereby reduce efficiency. The use of packing is objectionable because i) it causes a
pressure drop across the reaction column which limits throughput, and ii) it may become clogged
over time requiring shutdown of the generator for replacing and/or cleaning the packing and

reaction column.

SUMMARY OF THE INVENTION

The present invention provides a vacuum-driven ClO, generator that i) has solid-state
construction and/or ii) employs a novel "tuned" reaction column that does not require a packing
material and yields excellent C1O; production efficiency.

The present generator comprises a body having formed therein a tuned reaction column

wherein the reactants combine to form ClO, gas, an eductor connected to the reaction column for



Suction pressure is established in the chanber using a water nozzle wherein
the water velocity increases while the pressure decreases (according to
Ber noul | w@ opr42n€i pl e) thereby creating a suction pressuPerT/US#igssiact i on
draws the reactants through the generator inlets and into the reaction

col um wherein the conversion of the reactants to Cl02 occurs al npst

I nst ant aneously. The Cl102 gas is then sucked into thewater streamwhere it
di ssol yes, to form an aqueous solution of Cl102. The concentration of the
chi or | eokying 10 gadisa water siregm fosforn i rgpeasd Q- sdwiionsland adischarge line
reactant flow rates into the generator. The present generator is capable of
pr odudbndjschargisgthesakitioh! dhe neactiinbinlede réwation golamnpeduetdry atd dischargetdie r ange
of 200 to 3300 ng/liter. In this reaction, each nole of Cl2 gas consuned

yi el dypréfefablytihrsconhediddthrasth RERgechored semMabidhé inGRe bddy ﬂh@x‘eﬁ%’)ehmﬂ‘#ﬁlgt he
products of the reaction will have a larger volune (apprOX| mately two

ti mes {R¢ as38BentldTARrdviife geeaﬁ’étﬁt f%lbo etrc?q:ﬁéd Hﬁ)rﬁﬂl ngﬁ§ T#éll nld difke

accomodate this increase In v oviding a seg creasi ng

T Ing\rNe ste?%g‘] 0? hte\rk?%sg e aég nﬁl%htrghgn?ag%st Br %ﬂ%‘feg“fil Vgﬁ}"f’? ?eag§ Q\a\é\@g{aﬁlﬁai attﬁlgr ease

I n gas } tains the react ants .at nearly constant velocity 4 WO
02/ 143¢% o l9§6ri‘1§§f5’% the,grapriny forneonvententipstaligtion oRsftes | ow past anot her
unreacted, and iii) induces sone turbulent mxing which acts to pronote
the react i die prefersed tpartiantsiasan sgueeds sobitiopfof apdiunm ahiprith Na@l6h) amt ehlotive

t horoughly m x thereby inproving the conversion efficiency of the

gener &ap(Cly)ByOthbrereadtants sind #s[HOV and AEGE (tgenetitd €1,), ahayt digo bl fifeds ghesegnent
of the reaction colum, the reaction is conplete and the vol une of the

pr oducidgctbh@s Sgatsbea st EioRich8mB & eHiain s fluldd BoflinubéaBbn wBIRERbctlisci@haes the
products (Cl1 and NaCl) into a cylindrical colum of constant flow ar ea

wher eigy Jr}‘g?ﬁé@upecls teXtaBlflsl{eﬁ‘ﬁl fibQRadBS dsthgd FhtdPhd X1 RS ER The witlr Selol gyres a

steady co ant vel ocCl

increases while the pressure decreases (according to Bernoulli's principle) thereby creating a
suction pressure. The suction draws the reactants through the generator inlets and into the
reaction column wherein the conversion of the reactants to ClO, occurs almost instantaneously.
The ClO; gas is then sucked into thewater stream where it dissolves to form an aqueous solution
of ClO,. The concentration of the chlorine dioxide aqueous solution is controlled by controlling
the reactant flow rates into the generator. The present generator is capable of producing an
aqueous chlorine dioxide having a concentration in the range of 200 to 3300 mg/liter.

In this reaction, each mole of Cl; gas consumed yields two moles of C10, gas product
(see Equation (1) below). Thus the products of the reaction will have a larger volume
(approximately two times or more) than the reactants. The reaction column is "tuned" to
accommodate this increase in volume by providing a segment of increasing flow area in the form
of a flow expander (i.e. a diffuser) wherein the increasing flow area in the direction of flow i)

accommodates the increase in gas volume, ii) maintains the reactants at nearly constant velocity



flow of Cl102 into the eductor wherein the Cl02 is dissolved in water

form ng an aqueous C102 solution. The tuned reaction colum allows the
unit to openzieiefficiently at | ower Cl02 production ratPETAWSOIMRSLI1
variations in nmeter readings and with a greater "turndown" ratio. Cl02 is
generated at a mninmm of 95% efficiency with no nore than 5% excess Cl2
and/ or NaClQ2. The C102 solution is discharged fromthe generator outl et
and conducted by tubing to the point of application. The turndown ratio is
def i nexhembytone repetanemill bt fiew pastrn@he2unyeastkds andiii) induees fomre wrarigite, a
generator having a maxi num production rate of 500 | bs of Cl102 per day,

oper aniRiggathich s © sronfole thosedclifr [This Wawg\Wasihed didvicofallbOing the Retdnts at i 0.
The present generator has been shown to provide excellent conversion

ef f i ChRforoRhly HIik ALY i sdrgsfmg%é Wy é@sion L8 ibiemdy (oPthPddneEdter at or s are

limted to turndown ratio bout 30% and above. At"ratios bel ow 30%

these geneqglgr 5, el Bl RLEHR'AAR dn BRNSLNeBRCHIdF Rl FRGIONUTHE the
(0] rghc ant s. | F | T%a& to

inadequate m Xin o0r conversi on-e clencles Cca

uncertainties in the 0% rodyction rate and CLO2 concentration.levels in
the apfACHORIISAMRNIS cadigrvouime ot e poiepisHescibeer FeRIAS SRR, e duser

DESCRI PTI ON OF THE DRAWNGS Figure 1 is a schematic of the present

sol i d-segmens disgshargenide preductsd CdnendNaffl) inse gwpilindyical eplyinn o icorstant Slowt araa
Figure 2 is a horizontal sectional view of the generator shown in Figure 1
Wi t h twhereinthei vetpcjty axf¢he @lOprgaalisovigullyneonitadt. THESORIIET h GNad¥-cditstanPREIBEIRRED
EMBODI MENTS Wth reference to Figure 1, chlorine dioxide generator 10

CoNPr ifRRsofaClws iftd thé ediletor vitereil ehd €1, iOdik@Aedd iR Wat&TBriing @k aduddusmiobol t's
21, which extend through bklock 1 la and are threaded
solution. The tuned reaction column allows the unit to operate efficiently at lower ClO;
production rates without variations in meter readings and with a greater "turndown" ratio. ClO,
is generated at a minimum of 95% efficiency with no more than 5% excess Cl, and/or NaClO,.
The C10; solution is discharged from the generator outlet and conducted by tubing to the point of
applic;ation.
The turndown ratio is defined as the percent of maximum C10; production
rate. For example, a generator having a maximum production rate of 500 Ibs of ClO, per day,
operating at a rate of 50 1bs ClO; per day would have a 10% turndown ratio. The present
generator has been shown to provide excellent conversion efficiency at turndown ratios as low as
10%. Prior art generators are limited to turndown ratios of about 30% and above. At ratios
below 30%, these generators exhibit degradation in conversion efficiency due to inadequate

mixing of reactants. Poor conversion efficiencies can lead to uncertainties in the C10,

production rate and ClO; concentration levels in the applied aqueous solution.



to holes 21a in block I Ib (see Fig. 2). Block I la houses eductor 31 and
bl ock 11b houses the m xing colum and reactor passages. Water flows

t hrough e ozduaes or 31 sucking the reaction product (CLORJT/URMIRSIF1IEe wWat er
stream whi ch forns an aqueous sol ution of Cl102. The solution is discharged
fromthe generator and piped to a place of use. Block 1 I b has forned
therein a reaction colum 52 fed by three flow passages 14, 15, and 16. In
the enbodi nent shown in Fl g. 1, only two passages 14 and 16 are used. A

pr ess BRIEFGRESERIE : mone or all of the flow passages 14,
15, and 16. Fl ow passages 14 and 16 are connected to netering val ve 33 and
34 to cont PFiguré hés 4 kehemafic bfithe pecseitasolid-state thierinerdiaxitie genecatbr)showa in Check
val ves (not shown) nay al so be provided in the inlet lines to passages 14,

15, alghg Jt@dmﬁies%e&lw nmgeqlem ahérizORhlULESoraPYielv Qe $dndfsérsheWwniR Fazeé 1Whi ch
tapers outwar y int direction of flow and (b) an upper end ich

regis f 4n body 1 la. An o-ring 55 provi des a
seal gﬁ%ﬁ%d %ﬁn@?é&éé?&?«gﬁ%&oglﬂggé at the juncture of bodies 1 la and 1 |b.
The transition zone 53 has a lower mninumflow area inlet 56 and a maxi num
flow area outlet 57. The m ninmum flow area 56 may be equal to that of
passage 14or 15 (|f used andthe 6 WO 02/ 14216 PCT/US01/25151 maxi mum

AONJQF JHE PREFERREDBVMBQDIMENTS n Fig. 2, the colum 52 and
transi t| on zone 53 may be concentric. Flow from passages 14 and 15 (if
used) ent eWithesferenos fodfigure d| chioring diaxide generdset Bhcarprises edurten Hlodd kar ea 56,
and flow through passage 16 enters the transition zone 53 at a | ower side
por t i Galt&Protieedtalzons bioghtl iy bpboNe2 1, kehich dxténdrthfougivbRivelr 1 56and 4% thieaded
reactants mx in the transition zone 53, they flow upwardly in an

ever - i REBasI I fib e 1b3(§€@F1gTibe B1680514 R8es?R080531 hiid BIBAPELh houseRimat ai n a
gener a [ Yy const ant | ow vel oci’t

mixing column and reactor passages. Water flows through the eductor 31 sucking the reaction
product (ClO,) into the water stream which forms an aqueous solution of C10,. The solution is
discharged from the generator and piped to a place of use.

Block 11b has formed therein a reaction column 52 fed by three flow passages 14, 15,
and 16. Inthe embodiment shown in Fig. 1, only two passages 14 and 16 are used. A pressure
gauge 63 may be connected to one or all of the flow passages 14, 15, and 16. Flow passages 14
and 16 are connected to metering valve 33 and 34 to control the flow of the reactants to the
reaction column 52, Check valves (not shown) may also be provided in the inlet lines to
passages 14, 15, and 16.

Reaction column 52 includes (a) lower transition zone 53 which tapers outwardly in the
direction of flow and (b) an upper end which registers with passage 54 formed in body 11a. An
o-ring 55 provides a seal around the reaction column 52 at the juncture of bodies 11a and 11b.

The transition zone 53 has a lower minimum flow area inlet 56 and a maximum flow area

outlet 57. The minimum flow area 56 may be equal to that of passage 14 or 15 (if used), and the



t heret hrough. Preferably the zone 53 is generally a circular frustum but
may be any snoboth transition shape to effect an ever-increasing flow area
t her et hr ov@h2/14Bie passage forned in block | |I'b may be boredriusossal i d
metal body or the block | Ib may be fornmed in two halves to facilitate
machi ni ng the required passages, resulting in a solid- state generator,
thereby elimnating the nunerous interconnected conponents (e.g., tubing,

el bows, fittings, valves, etc.) used in prior art generators. The interior
sur f ageaxisrumHlovhitge R7 meayrbe eghildn beta ¥s As sheowl i dlie. %mmdumlb& andri r r or

I mage of that illustrated. The eductor 31 is nounted in eductor block 11 a
and serausiSon pores3abhy bé codventviac Hlow frpmemssages teand 1e€f tedppaenthe rédedon
generator. Block 1la has an inlet bore 32 forned therein which reduces to
r est 1 icgfulr@nat 3oint belosethe tndinindim o wsdtad sl ah@ floiw thiduigh fﬁﬁ&ﬁ@é e6TBREA tHe Shaped
bore 34 of various dianeter sections. The eductor 31 conprises (fromleft
to ri : ' i L0 ' ;) r.el n

or' 1 canfion SR ptalofihide dorBoft 38 ekt iy ootR he KRR BRI
section , 38 threaded t,0 the. body 1 nd,a hol | full opening section 39.
The. eciichefeesEnfE ok tatSieds Poac o B 1o BPved inAn - BRERLBRB G £ o
conducting water,. The spool section 37 fits into conplenentary shaped bore
and t [§E2eviiieiragetion ganephisishaped 40 aitain ¢ geppplly cmt@gﬁeweégcwnd 7 WO

02/ 14216 PCT/ USO1/ 25151 spool 37 communicate with the | ongitudi nal opening
of t hehercthromgh. Bleférablyabe denst33rig getesallyemcireudhr fs0m, hubmay e ang smpdthin col umm
into the eductor. Water delivered to the block I la through line 30 fl ows

t hr oughingifs:s sigps tSeffedidn 3eraincreadinyg flowghrdatherethimighr 31. Dotted |ines 44a
and 44b illustrate the flow pattern. Note the orifice of nozzle 36 causes

the vel oci thelpasdaPETRfRA ih BlobR 818 By BB bBfedIR 8 RbRWMeth? bodPYF iRk bR 11bow

may be formed in two halves to facilitate machining the required passages, resulting in a solid-
state generator, thereby eliminating the numerous interconnected components (e.g., tubing,
elbows, fittings, valves, etc.) used in prior art generators. The interior surface of the block half
which mates with block 11b will be a mirror image of that illustrated.

The eductor 31 is mounted in eductor block 11a and serves to establish the vacuum
pressure required to operate the generator. Block 11a has an inlet bore 32 formed therein which
reduces to restriction 33. The eductor 31 is shaped to fit into complementary shaped bore 34 of
various diameter sections.

The eductor 31 comprises (from left to right as viewed in Fig. 1) a nozzle 36 which has
formed therein an orifice of small diameter, a hollow spool section 37, a hollow threaded section
38 threaded to the body 11a and a hollow full opening section 39. The eductor 31 thus defines
an opening longitudinally therethrough for conducting water. The spool section 37 fits into

complementary shaped bore and therewith defines annular passage 41. Holes 42 spaced around



expands to the full diameter of section 39. Section 39 is connected to a
di scharge line which delivers an aqueous solution of Cl02 to the system
for use. Wibe2/eguctor 31 is a commercially avail abl e itenP€TOmIESsther and
Porter, and ot her manufacturers. Mreover, it can readily be nachined by
those skilled in the art. Operation The block 11 a is bored or machined to
receive the eductor assenbly 31. As water is flowed fromline 30 through
the eductor 31, precursor chemicals (reactants) enter the, generator

t hr ougpodl B semppinigete wish shedongigidinah ppening ok the educior cendugting, the reacted,g
34. Valves 33 and 34 are adjusted to yield the desired flow rates of

r eact &10s frolethereactinn cokinminio theregudber. used to i ndicate the desired ratio.
The reactant flow rates will be determ ned by the desired production rate

of Cl02 solwiteodelivéied 16 Gcisiodk Bitai through 1ihé 80 flowe eisugihpassages 3diaad B8and
solution is controlled by controlling the reactant flowrates into the

gener gfgh Eﬁe,%ggétﬁﬁm Do&EeR Y ah S4NPPRSRe He IV HMEAINBR REBARES of

chl ori ne di oxi aving a concentration in the range of 200 to 3300 ny/l.
€

The br L8t 560 ERRLIGR 1SRRI GDLAI T NRRI07) pEpbsELtblock |10

t hr oug gqueous solu

concentration chlorine gas _(Cl2).enterin rough val ve 33..The use
of ot Hepanis i e AL dfadnelts o SestR o et oT S PRl B s EE TR . 5 w0
02/ 14216 PCT/ US01/25151 Water flow through the eductor 31 creates _a vacuum
(i n adebregnar aqugpnnsalutionef €10z i the spetemdor vse. dhiesdngipe3! is qomunereigilyn

i nsi de the spool section 37 and space 41, sucking the reactants up the

col umav&iRpld ivenh GrdimBiselen and Bort@y addhathern menutfivturessa darebeery it aarhreathidy beluct or
31, they have reacted, fornmed Cl02 which upon contacting the water stream

i s di 9sRhined b9thdsbesRitled asltheher ei n.

Operation

The block 11a is bored or machined to receive the eductor assembly 31.

As water is flowed from line 30 through the eductor 31, precursor chemicals (reactants)
enter the generator through lines 28 and 29 and flow through precision control valves 33 and 34.
Valves 33 and 34 are adjusted to yield the desired flow rates of reactants. Meters (not shown)
may be used to indicate the desired ratio. The reactant flow rates will be determined by the
desired production rate of ClO; solution. The concentration of the aqueous chlorine dioxide
solution is controlled by controlling the reactant flow rates into the generator. The present
generator is capable of producing an aqueous chlorine dioxide having a concentration in the
range of 200 to 3300 mg/l.

The preferred reactants are sodium chlorite (Na C10,) entering block 11b through valve
34 in an aqueous solution of approximately 25% concentration, and chlorine gas (Cly) entering

through valve 33. The use of other reactants is possible including sodium hypochlorite and HCL



For clarity, the discussion bel ow assunes that the reactants are the
preferred reactants conprising an aqueous sol ution of about 25% sodi um
chloritewolati«22§ and chl orine gas (Cl2). As noted abovePChossvzijl t he use
of other reactants is possible. The ideal reaction is given by NaClQ2 +
Cl2(g) -> 2C102(g) +NaCl (1) Thus it can be seen that for each nole of Cl2
rﬁact alnt confsumed, two nol es of Cl02 gas are produced. The effect is that
the volune of gas in the products is approximftely tw ce t of .t he

react ant s. Water flowa threwglheibe edycteri cps?aé%@cﬁ‘(a%we(&l i“é&gxp{’)ﬁw&tﬁme@“?‘gﬂ
accommodate the increase volune in a way that causes the reactants to m x
pr ope BeynouliePrétniple)inrthe repiominside thei spnol se€tidnci harst space Ah suekingthe restantson of
NaClQ®2 is drawn under vacuuminto block 116 through nmetering valve 34. The

sol ut iug Rhef doAV¥en 5D riaHElingaRRaSE BS iR tint tHeGesotimsvacts thetddactons 1, ttheyrisiviei on
zone 53. Sinultaneously, gaseous Cl2 is drawn under vacuum t hrough

neter| BRWA oF ldispbiéPthetein,
transk%b?aeﬁ?*f‘éfﬁgf?é‘?z“%ﬁ’;éhﬁé‘éﬁ%Q"fgﬁﬁ*@a‘?%ﬁ?nﬁﬁgﬁf%@% e e
reaction accordi. t 0,.Equat | 1 T ' ' '

i Rst ?lnt ane%ﬁg Clﬁﬂg'gfbr?eq’ﬁ‘%ﬁ?gn ﬁﬂg&g)sslugr?eﬁﬁe}st #},@E%?%t% Igt@%%éc@g geze'?léndl{e%%u\l/%l ume of
t . . . .

(1. compiriag A acrnaolsdgn pLgutThaetiuy e CReCickd e dlprme S GHP "'
proceeds upwards, the flow area increases in proportion to . the flow volune
9 WO Ombictidbope housaer, 2516 of aiher ipgtants és pqsy@)w efhsdriea) reastan rﬁsglvean)Y
approxi mately constant. The ratio of the flow area of the outlet (nmaxinmm
area) to the inlet of expander 53 should ideally be about 2:1, but a w der
ratio nmay be used. This ensures that the reactants have sufficient time to

m x properly tomlggn,(glggﬁ_js@m@;(gp+e¢aﬁlci ency. Al so, expandgr 53 induces
sone turbulent m xing Ich also inproves the

Thus it can be seen that for each mole of Cl, reactant consumed, two moles of ClO; gas are
produced. The effect is that the volume of gas in the products is approximately twice that of the
reactants. It is an object of the present tuned reaction column 53 to accommodate the increase
volume in a way that causes the reactants to mix properly thereby improving production
efficiencies.

An aqueous solution of NaClO; is drawn under vacuum into block 116 through metering
valve 34 . The solution flows through passage 16 and into a lower section of transition zone 53.
Simultaneously, gaseous Cl; is drawn under vacuum through metering valve 33 and flows
through passage 16 and upwardly through transition zone 53. The NaClO; and Cl, mix in flow
expander 53 and the reaction according to Equation (1) occurs. The reaction is virtually
instantaneous and therefore there is an immediate increase in the volume of the ﬂow as has been
described in relation to Equation (1). Flow expander (i.e., transition zone 53) is designed so that

as the reacting flow proceeds upwards, the flow area increases in proportion to the flow volume



reaction efficiency. At the exit of the flow expander 57 (i.e., position of
maxi mum fl ow area) the reaction is conplete and the flow transitions to
const ant woomietea col unm 52. The velocity in colum 52 pemlsoaRscINst ant
up to vacuumregion 41 thereby providing a steady feed of Cl02 gas into

t he chanber. The Cl102 is drawn under vacuuminto eductor 31 through holes
41 and becones dissolved in the water flowi ng therein. An aqueous sol ution
of Cl102 is discharged into throat area (44a and 44b) and outlet tube 39
for apbeicbptheofiow Valocily exinaing anprosamatelyegosstgnt. ol herfatio phithe tlow grep@lithe on of

t he Cl102 aqueous solution usually expressed in | bs/day. The ratio of the
out | efoutdt ¢RaBifuniach) tootht hdeti oflerpandercsd GH0H idpallyi bd abioet Ddt hwterwidedratiod
1.5:1, and preferably between 1.8:1 to 2.9:1, and nost preferably between

1.9 angdoBedistd Phis %éd?é‘é&?llatttﬂé re%@t‘éﬁ#ﬂ‘h@@@sm@ﬁcibﬁﬁ}rﬂé 5@ propérBeho sbdsih igg8d

colum (i.e. a constant ow area reaction colum as used in prior art
generators e 0 ' I : : tein
Phe. r St sfrEEnbyi Al BohBa 3 3nbitSs IRE Ul iR M Ul ImBICR} RIS P
may be expapding and vi.n i t.h hi ghe l.ocity.. Thi.s can result i

di spl sesstioh pitigtenPR ke et af e haw eRedes AL (LRSS mXHBU‘B‘;&W aree)

anot her wi t hout react i;}gdt her eby degradi ng performance. ition this

In_ add
ef f ecthd repdtios is pempletaranddhmflow dtangitians taepaantflovpara caluan ﬁ%aﬁl@evemat ed.
In prior art generators, operation at turndown ratios of about 30%results
in a $ngplamhhSaremaind constant uprio vaceao egion é1 ftherplsnprpviding a steadyrfeed af Cl@med
reaction generator, it has been found that operation at turndown ratios as

| oW a$3d 6 eebafibér. HRACID iséhvauaddaganda it edudordy thesughhotes 4Thind 10 WO
02/ 14216 PCT/ US01/ 25151 capability increases the versatility of the

gener %E&Hmegi 1681vell ifs &fe \Pftepﬂ?&ma? tbrali e rAxaacweG@sr soh@REETT10, B @iseHatdedintAt es

as dictated by a particular application. The present generator is

pre-c %riogtra%f" @4\5}@% %ﬁf) énlaeouﬂgteﬁlbé ?@f;cjrfai)ﬁ&aaoﬁr ?ﬂé'ﬁltJdﬁaiJnaxtafe Rfers to the
rate of production of the C10, aqueous solution usually expressed in Ibs/day. The ratio of the
outlet area 57 (max) to the inlet area 56(min) will be between 3:1 and 1.5:1, and preferably
between 1.8:1 to 2.9:1, and most preferably between 1.9 and 2.8 to 1.

Without the advantage of the present tuned reaction column (i.e. a constant flow area
feaction column as used in prior art generators), as the flow expands the reaction products would
accelerate in the reaction column. This creates localized regions where part of the flow may be
expanding and moving with higher velocity. This can result in displacement of reactants causing
the reactants to flowing past one another without reacting thereby degrading performance. In
addition this effect limits the "turndown" ratio at which the generator may be operated. In prior
art generators, operation at turndown ratios of about 30% results in a significant reduction in
reaction efficiency. In the present tuned reaction generator, it has been found that operation at

turndown ratios as low as 10% does not lead to serious degradation in performance. This
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C102, typically in I bs Cl02/day. This rate will vary from
application-to-application and will generally fall within the range of 10
to 1000 Iva0fZ1022¢ day. The water flow rate is adjusted to pPErosidsiadequat e
vacuum pressure to operate the generator. The vacuum pressure i s set by
gauge 63 and wll typically be about 10 to 12 in Hg. Titration neasurenents
have been conducted to calibrate the settings of reactant flow rates as

i ndicated by neters with C102 production rates. Wth reference to these
cal i bragabitity iterenses the versetilityioff theaggherstorsiico §xa® Be apefated overpa prdeviranrget ofe
appropriate settings. As has been indicated, tests have shown that the

pr eseptodubifsifiabdsQls diviated By @ pefiieblatagplichtisndown ratios of about 10 to 100%
In an alternative enbodi nent, the chlorine entering the reaction colum 52

(whi ch inqﬁlgggﬁg J{%@%aﬁdr?@pé%ﬁbé@h mr%wntﬁéaie% RifidsaqibingioNael ofwi t h

HCl. In this passage 15 is nected to a netering valve and a
precursqr .feed Il.i | e sane. Imn 14. i t hr ough
Vet ve O suientp 6 C S A ery op B RAREn 3 aobopafia il | 0
precursors t at, | ocation i i.at el el transj{tion zone 53, and
qui ck B?ne“il@:%ﬁ W@‘F @i‘erﬁa&gt‘ifgl %%&h@ @9\2// dtf;Y'o e %iﬂ‘@/r qt?l'ts@g{:]’r‘???dr ®nsi tion
zone and mxes with, and reacts with, NaClQ2 form ng Cl02 as described
abov e prasidreadenuate vadtiven pressratorpenate theSeperater.d B icHRMEUessuisys sat Bavi ng a
maxi mum out si de di aneter of 2 inches and a nozzle orifice of approxinmately
0. 14 igaedest antitwiliGypizallyt B4 6bddCTO WS inX3g 5 Titrdton mexagteinentstiagekedn | b had t he
foll ow ng di nensi ons Reaction colum 5" Transition zone

conducted to calibrate the settings of reactant flow rates as indicated by meters with C1O; .

production rates. With reference to these calibration data, the user will adjust valves 33 and 34

to provide the appropriate settings. As has been indicated, tests have shown that the present

generator may be operated at turndown ratios of about 10 to 100%.

In an alternative embodiment, the chlorine entering the reaction column 52 (which

includes transition zone 53) is generated by reacting NaOCl with HCL. In this embodiment,

passage 15 is connected to a metering valve and a precursor feed line in the same manner as

passage 14. NaOCl is fed through valve 33 and into passage 14 while HCl is fed into passage

15. The two precursors meet at a location immediately below transition zone 53 and quickly

react to form a Cl, gas. The Cl, flows upwardly through transition zone and mixes with, and

reacts with, NaClO, forming ClO; as described above.

Experiment

The generator 10 was provided with eductor 31 having a maximum outside diameter of 2

inches and a nozzle orifice of approximately 0.14 inches.

11



Length 0.75" Max. D (57) 0.625" Mn. D (56) 0.375" Passages (14, 15 and
16) 0.375" Measurenents were taken for three production rates of 340, 100,
and 50 | ve0 02214226 day. The suction pressure was set at 11PCTWUSH®S1HOI | owi ng
each test titration analysis was perfornmed to determ ne the actual C102
production rate. The efficiency was cal cul ated by dividing the neasured
rate by the target production rate. The anal ysis was done using the
current EPA approved net hod published in Standard Methods for the

Tr eat nent Ei'hevmcﬁonhhdk\l\ébb@(ﬁﬁleé'ollwﬁ@gldﬁmewrﬁs 4500 C102-E. The results
are summari zed bel ow. Target Rate Measured Rate Efficiency (% (Ibs

Cl102/ day) (|bs Cl02/ Raymgticidédhdn? 95.5 100 95585 50 50.8 101.6 In the 50

| bs/day test, the efficiency exceeds 100% which is due to experi nental
uncertainty. In each casdT#MEINZINE | ndi cate excel | ent conversion
efficiencies. In each test thez{_ﬁg&ured. pH of ?»e C102 sol ution was
between 5.7 to 5.9. 12 W 02/1 PCT/ USO1/ 25151 WHAT IS CLAIMED IS 1. A

chl ori ne di oxi de generator comMaxsin7) 0.625”
Min. D (56) 0.375”
Passages (14, 15 and 16) 0.375”

Measurements were taken for three production rates of 340,100, and 50 lbs. ClO2/day.
The suction pressure was set at 11 in. Hg.

Following each test titration analysis was performed to determine the actual C102
production rate. The efficiency was calculated by dividing the measured rate by the target
production rate. The analysis was done using the current EPA approved method published in
Standard Methods for the Treatment of Water and Wastewater and listed as 4500 C102-E. The

results are summarized below.

Target Rate Measured Rate Efficiency (%)
(Ibs C102/day) (Ibs C102/day)
340 322 95.5
100 95 95
50 50.8 101.6

In the 50 1bs/day test, the efficiency exceeds 100% which is due to experimental uncertainty. In
each case the tests indicate excellent conversion efficiencies. In each test the measured pH of

the ClO; solution was between 5.7 to 5.9.
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(a) an eductor having an inlet, an outlet, and | ow pressure zone; (b) a
reaction colum conprising: (i) a transition zone having a | ower end and an
upper endyoarth2a snoot h tapered surface interconnecting parUSavesiSiend and
upper end, said upper end having a flow area substantially |arger than the
flow area of the | ower end whereby the flow area through the transition
zone increases fromthe lower end to the upper end; (ii) a flow passage
extendi ng upwardly fromthe upper end of the transition zone to the | ow
pr esdeg%z'Bﬁ%C&AmDe@&ct or; (c) a first flow passage connected to the

| ower end of the transition zone; (d) a second flow passage connected to a
| oner lsiAlehlpring diowidefgendretor camprisingn zone; (e) a conduit connected to the
first flow passage for delivering one reactant to the transition zone; (f)
a conduid) earieabekaving idiala emanmlef, laadviqapmsges zar; del i vering a second
reactant to the transition zone whereby the first and second reactants

react t @y Qrim &b 2ol Onpristfpsi tion  zone; and (g) a water conduit
connect(eeb to the igluet of I%l"le eductor for delivering water through the

d wh b 102.. f i i i j he |
brossore ol aAieRGhEb g § oG4 Al af Gt Bnd, Snd UGB Abtteli 12 1 O
the outlet of the eductor for,

deli [ th t havi Cl di | ved
therein from t heVeatRHlsFeangesting the lowsr ofid and upperesch 3714 woRey BEHPUSEH 25151

flow area substantially larger than the flow area of the lower end whereby the

flow area through the transition zone increases from the lower end to the upper
end;

(i)  aflow passage extending upwardly from the upper end of the transition zone to
the low pressure zone of the eductor;

(c) afirst flow passage connected to the lower end of the transition zone;

(d) asecond flow passage connected to a lower side portion of the transition zone;

(e) aconduit connected to the first flow passage for delivering one reactant to the transition
zone;

(® aconduit connected to the second flow passage for delivering a second reactant to the
transition zone whereby the first and second reactants react to form ClO; in the transition
zone; and

(2) a water conduit connected to the inlet of the eductor for delivering water through the
eductor whereby ClO; formed in the reaction column is sucked into the low pressure zone
and dissolved in the water; and

(h) a conduit connected to the outlet of the eductor for delivering the water having ClO;

dissolved therein from the eductor to a place of use.
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2. The chlorine dioxide generator of claim1 wherein the first reactant is
Cl2 and the second reactant is NaClQ2. 3. The chl orine di oxi de generator
of claimwowhenredi n the ratio of the flow areas of the uppereT/vsndsisiwver ends
of the transition zone is between about 1:5:1 and 3:0:1. 4. The chlorine
di oxi de generator of claim1l wherein the surface interconnecting the upper
and |ower ends of the transition zone is in the shape of a circular
frustum 5. The chlorine dioxide generator of claimd4 wherein the flow
passa@e Bie chiwsineatiexide genesitonef dlaim Lwherein the first meastanhis (o andthesecqnde
transition zone. 6. The chlorine dioxide generator of claim1l wherein the
gener at oreactantyis Na€KDAa third passage intersecting the first passage for
delivering a third reactant to react with the first reactant to form Cl2.

7. The gpReiddiife dbxigk gbibrior bR (hereitie taidt of tHefloweres of theluppef i 1 st
and third passages react to form Cl2 below the inlet of the transition

zone. 8:an'd']o@reﬁ§ﬁ#c|l§%ﬂ?e ﬂn@ﬁféﬁ%o%@%@%&f&ﬁﬁ&wt 13nd8le{, Tl ow eductor fed by

a reaction co erelrn NaCl are brought together and reacted

cone 6F TR AUaAROTR S SFRR" of T L Ankeyop SRk Sl inBafe Gyt BRE' 1 o7

generator of claim8 wherein the tra sitifon .Zzone is in the shape of a

ci r cul arlopenendsaf thextFansgion 2080510 ghe thapael HefEadrusiitan upper circul ar
opening, the ratio of the upper to |ower opening ranges from1:5:1 to

3: 0: 1.5. 1The dilerinpediexide genasitor biélaimot whereisi the flow passdge of thegeactiongelumgis o
2.9. 11. The generator of claim1 wherein the eductor conprises a solid
body havig§gnalensiiaarthe a6da@f thelteansidon betieei N and an educt or assenbly nount ed

in the bore, and the reaction colum 14

6. The chlorine dioxide generator of claim 1 wherein the generator comprises a third passage
intersecting the first passage for delivering a third reactant to react with the first reactant to
form Cl,.

7. The generator of claim 6 wherein the reactants delivered to the first and third passages react
to form Cl, below the inlet of the transition zone.

8. In a chlorine dioxide generator having a water flow eductor fed by a reaction column wherein
Cl, and NaClO, are brought together and reacted to form ClO,, the improvement wherein the
reaction column has a transition zone of increasing flow area in which said reaction occurs.

9. The generator of claim 8 wherein the transition zone is in the shape of a circular frustum
having a lower circular opening and an upper circular opening, the ratio of the upper to lower
opening ranges from 1:5:1 to 3:0:1.

10. The generator of claim 9 wherein the ratio ranges from 1.8 to 2.9.

11. The generator of claim 1 wherein the eductor comprises a solid body having a water passage

bored therein and an eductor assembly mounted in the bore, and the reaction column
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WO 02/ 14216 PCT/ USO01/ 25151 conprises a solid body having the transition
zone and reaction colum passage, and flow passages bored therein, said
solid bodves2/beicg bolted together. 12. A nmethod for prodBCT/HgII@RSIHAqUEOUS
solution of chlorine dioxide, conprising the steps of (a) mxing chlorine
ina flowtransition zone to formchlorine dioxide gas, said zone having
an increasing dianeter in the flowdirection; (b) flowing the chlorine

di oxi de gas through .a reacti col ym of constant dianmeter. a

br  no oSy Bt dsingdhe SR She AL o S AR R Rpe € B oM ncer o
vacuum pressure whereby the chlorine di oxicge g$s is drawn into water to
form a dssepnlored therein, saighelid bedies being dalted i9eethefe net hod of claim 12
wherein the production rate of the aqueous chlorine dioxide solution

bet wed0. A netinodlop prddasingday aqiehus Stlstioneofddorirfe dipxidencomprisisgahestepeot:
transition zone has an inlet, an outlet, and a snooth tapered surface

I nt er con@padiking chidkifle imh Gowathdhsiioh|z6he tol fofn Chlotiae dloxideezas,Hatl zardavingl et

flow areas ranging between 1:5:1 to 3:0:1. 15

an increasing diameter in the flow direction;

(b) flowing the chlorine dioxide gas through a reaction column of constant diameter; and

(c) bringing the chlorine dioxide gas into contact with a water stream under a vacuum
pressure whereby the chlorine dioxide gas is drawn into water to form a chlorine dioxide
aqueous solution.

13. The method of claim 12 wherein the production rate of the aqueous chlorine dioxide
solution between 10 to 1000 Ibs/day.

14. The method of claim 12 wherein the transition zone has an inlet, an outlet, and a smooth

tapered surface interconnecting said inlet and outlet, the ratio of the inlet and outlet, flow

areas ranging between 1:5:1 to 3:0:1.
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