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| NVENTI ON Thi s invention rel g Bl | v to an apparatus for generating
chlorine dioxide. In one aspect®®% relates to a solid-state chlorine

di oxi de generator. In another aspect, it relates to a chlorine dioxide
generator featuring a novel reaction colum which provi deg gpass8pbogal
reaction efficiency and_allows the generat. perate over a w de range
of production rates. mm@ﬁm strong oxi di zi ng agent
and is used in a variety of industrial applications including nmunicipal
wat er tr BAMKGROINIHOFIHEINVENTEION ast e and odor control, and. zebr a
mussel infestation control, to nane a few Cl02 is a powerful viricide,
bact eri ci de, Thisioventipal eslatesrgancasllydo an eparatus fon genenatieg chlofing diodides Imote f or m
THMTs (tri hal omet hane) which is a carcinogen. Cl02 can be prepared by

oxi dat i omspedt, it felatasita ®solidrstatachloring dioxidé generiator. oin@nother aspact, ibretatesito ad

enbodi nent, the generator of the present invention is a vacuumdriven

sodi um c iehloririetdioxidelgamxany feathiingra novel r@etion colummiwhich providegeeptionabe used
directly or it. may be forned by the reaction of HCL and sodi um

hypochl or¢astion efficiency and alloye the genetptarteepscatenyeravide mngrofpraduction rge02 i s a gas
~and is extrenely explosive -(above about 300 nmm Hg pressure C102 may
“detonate). BeChlorine dinxide(€1Q)isiagtrongoxidizing ager and ig used inmvariptypfinslusteidd under a
vacuum and di ssolved in water for use. Cl02 is unstable chemcally and

t hus canmpplications inclpdiag municipal Jeaterieeatmentap a bectprigide, d9steand pdavienttrol, aod.
vacuumdriven Cl02 generators are commercially available. Vulcan Chem cal
Co. (f or mwehrs sussplinfestation copteokite nsmezfey. G lsapowarfitvisizidgchaotericide. under the

protocide, and algaecide. In additiqn, CI0; does not form THM's (trihalomethane) which

isa éarcinogen ClO; can be prepared by oxidation of chlorites or reduction of chlorates. Ina
preferred embodiment, ;he generator of the present invention is a vacuum-driven sodium chlorite
(NanOz)/chlorine (Clz) reactor. The C]z. may be used directly or it may be formed by the
reaction of HC! and sodium hypochlorite.

- At normal operatihg pressures and temperatures, ClO; is a gas and is extremely explosive
(above about 300 mm Hg pressure ClO; may detonate). Because of its. explosiveness, Cl0; is
usually generated under a vacuum and dissolved in water for use. ClO; is unstable chemically
and thus cannot be shipped; it must be generated c;n site,

A number of vacuu_m-driven ClO; generators are commercially available. Vulcan
Chemical Co. (formerly Rio Linda Chemical Co.) markets a ClO, genefator under the trade
designation "WM-Series*. This generator is similar to the generator disclosed in U.S. l;atent
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, elﬁows, external valves

and the like. These components are secured to a relatively large mounting board or surface. The
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designation "WM Series". This generator is simlar 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 assenbly of pieces of _
tubing interconnected by fittings, couplings, elbows, external valves and
the |like. These conponents are secured to a relatively Iaé?:&rm :}@939 board
or surface. The 2 31 March 2004 several connections req zgcﬁ nt

sour ces mberglicompotions reydiredopresanh sowadsof pressuie and vhctum deaks which couldresult in -
performance and conversion efficiency. Oher disadvantages include higher
mai Nt enagoeperfonnanice and emnversiop afficiengy) \Otherdisadventhges irchude highérmgpintemangener at or
at the industrial site. The conversion efficiency is defined as the ratio
of the amdimrkeasednpare réquiremdntofor igstelingthe geneeatoriatthe industiind gitext Theal |init for a
gi ven anount of reactants (see Equation (1) below).. As.described in detail
bel ow, tdvavemsiaf eficienty gedefined asrthaxbtid dithepachmbanmountimass) oH@10; praslucesl to the st at e
generator with feed |lines and check val ves bored into and incorporated in a
sol i d bl shedreticalTinsit for & given amambofreastants{ses Equation (k) bedowhce and i s conpact
requiring a small installation area. The prior art vacuum Cl02 generators
all have it Asaletcribed indetaithelowcthepreferred genemtonofthepresentinvention isiagglid-ner and
react to form Cl Q2. The Vul can generator enploys a reaction colum filled
Wi t h par dtitegsnemator with féed dinesand ohesk valvesibried into ind ibcorposated inmselid blogkhe reacti on
colum. Wthout the packing, the reactants may by-bass one another within
t he reacThegmesens|gememterius lowsmaintgnance] aurbis compact requiring asmalliinstaligtionaresi ng i s
obj ecti onabl e because 1) it causes a pressure drop across the reaction

col umm whi ch The prierartvacungyGleu genesaters all have & resglioniselummavheredhe tsactamiyare i ne
requi ring shutdown of the generator for replacing and/or cleaning the

packi ng brought tosetb@'imwnqgﬁm Cl0;. The Vulcan generstor 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; generatdr 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 ClO; production efficiency. |

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

where.in the reactants combine to form ClO; gas, an eductor connected to the reaction column for



SUMMARY CF TI C | NVENTI ON The present invention provides a vacuumdriven
ClQ2 generator that i) has solid-state construction and/or ii) enploys a
‘novel "tuned" reaction colum that does not require a packing material and
yi.el ds excellent CI 2 production efficiency. The present generator
conprises a body having fornmed therein a tuned reaction cgtlﬁn \r/{@rei n the
reactants conbine to form Cl02 gas, an eductor connected #ich étion

colum f i QA watel siedd 46 1 lutiGn, and'@ HBEhafge'IRRM t O
form an %ﬂ%&g@g&%ﬁut I on, andw%%g%gél(igﬁgw?%r di schgfégir ng the

solutio a'iklﬁm?ﬁi? ol ' bOknd BistHlargh Bfehar ge are
preferagfoil I Nt ET ¢ g:}leﬁdggutugg ﬁ]roug passgégghggi?g&egya end ufh

machi ned i'n the body

thereby GlofolibiahtkidShnebttd o gfﬁ&;ﬁi@ib&éd Mﬁﬁéﬁn@elﬁdyfﬂ%@ﬂﬁh&ﬂ?om,

etc.) used In prior art he solid-state design of the present

gener at Ofhe GsbrithéhB btard WS @ 8 Mtimgs Celbowaliste)) LA bprior 64 Ueis "Ehedolidanate, and
reduces the overall size of the generator for convenient installation on

site. Theesigh 6F Mb pidsent Seefaftt eliminites FHBssird dBDWieusd lodks, Riduces nfaiiiéndiicec iidor i t e
(NaC102) and chlorine gas (C2). Oher reactants such as HO and NaOCl(to

gener at ereffilced the BretalPdizeof s géfid@lor fiF@nvanidat indtalltiofBh bie®S @ suction chamber
which is fluid communi cation with the reaction columm. Suction pressure is

establ i shed !meb&wmmﬁiﬁwwﬁﬁomm&@mmﬁ&imcm? widichlorinel oci ty
i ncreases while the pressure decreases (according to Bernoulli's principle)

t her eby @Q@ﬁy‘, (Shed readidfits sl ab HEP&id MaOCT (10 ghbite CR), Haf ulso beGsed CTHS ant s
t hrough The generator inlets and into the reaction.columm wherein the

conver si gfiaf contpPisds At charhiidy WhiSR isRAd édmdriGatién wilstha Pdadfictioima.  The
Cl102 gas is then sucked into the water stream where it dissolves to form an

aqueous Sttt presdure®d established fRe eHamMberising aivaker Abzzld whefdin the water délovityde
aqueous solution is controlled by controlling
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 thé reactants to ClO, occurs almost instantaneously.
The ClO; gas is then sucked into thewater stream where it dissolves to form an aqueous solution
of CI0,. The concentration of the chlorine dioxide aqueous solution is controlled by controlling
the reactant flow rates into the generator. The present genemtdr 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 Cl0; 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, i) maintains the reactants at nearly constant velocity




the reactant flowrates into the generator. The present generator is
capabl e of producing an aqueous chlorine dioxide having a concentration in
the range of 200 to 3300 ng/liter. In this reaction, each nole of 2 gas
consuned yields two noles of Cl02 gas product (see Equation (1) bel ow).
Thus the products of the reaction will have a | arger volu |mately
two tinmes or nore) than the reactants. The reaction col unﬁ%ﬁﬁgm

ACCOMTD g} oty it YA ot ol st AEBELB acptacted, i ) indegwemé ucklentcr s hg

flowarealntheform of a How expander (i.e. a diffuser) wherein the
| ncr easi | hiétEecB3o pronicbsthé idaivh) histiining hus/the)effectarf eltowingthe seactastsi ncr ease
in gas volurfe, 11) maintains the reactants at nearly constant velocity 4 31

Mar ch 20Q4mealsHiE Rk thareby iaiprdvinl the\bdnverkion efficiencyodtie ganeather unr eact ed, and
i) |n8%ces sorr)g t ur bul ent %l ng which acts to pronote the reaction.

This tuning hfsné ffe HeltRW resthesthe Sutien¢f th diffisersegmentof thie sedctinr aiuyi, gheni x
t hereby i nproving the conversion efficiency of the generator. By the tine

the fl oweh &Rk Moniplife diditheVoludhe dfiike poducts siRteattagemains ahstadte Thedifusesn col um,
the reaction is conplete and the volunme of the products thereafter renains

const ant g FEQ@ diichdrpa®lie pro@EARCIO,AhE NBC) (tsa tyliadrivabehhatsof (Gifent Aaw anaCl )

into a cylindrical colum of constant flow area wherein the velocity of

t he Cl02yf@éin ke véiocity'af thy CIOY bk BVirtualljéanstants This insores 8 steatly constast welecitye| oci t y
flow of Cl102 into the eductor wherein the Cl102 is dissolved in water

form ng Apw RO dRo FeQductsrobtieteinthe CRhids tissobad inewater formingin aqueoua Qs t he
unit to operate efficiently at |ower Cl02 production rates w thout

vari at i ogsution. MRS fhed rRadion golun dilovid the dnitto epdrate efficiontlyisdower Gl 0. C1Q2 is
generated at a mnimum of 95% efficiency with no nore than 5% excess Cl2

and/ or NpglitRion reléaevifibaivasiations irmietéreatings hud Wittta grexten “turadoyaheatiat €0t | et
and conducted by tubing to the point of application.
is generated at a minimum of 95% efficiency with no more than 5% excess Cl; and/or NaClOa.
The CI0; solution is discharged from the generator outlet and conducted by tubing to the point of |
applic;ttion.
The turndown ratio is defined as the percent of maximum ClO; production
rate. For example, a generator having a maximum production rate of 500 1bs of C1O; per day,
operating at a rate of 50 Ibs C10; 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 tumdown 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 C1O; concentration levels in the applied aqueous solution.
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~The - turndown fati o 8" deflned as the,p_ e ;GoanX|nun1C102 productToh
rate. For exanple, a generator having a nBX|nun1product|on rate of 500 The
- 'of - C102 per day, operating at a rate. of 50 | bs C1O2 per day woul'd have a
10" /o turndown ratio. The present generator has been shown to provide
‘eXcel l ent conversion efficiency at turndown ratios as low as 10% Prior
art generators are limted to turndown ratios of aboujy ﬁ@ﬂkgqmoabove At
ratios below 30'/0, these generators exhibit degradatlon i n conversion
efficiency due to inadequate m xing of reactants. Poor conversion
efficiencies can lead to uncertainties in the Cl02 production rate and
C102 concentration levels in the applied aqueous solution. 5 31 March 2004
BRI EF DESCRIPTICN CF THE DRAMVNGS O Figure | is a schematic-of the present
-sol i dpRiEk PESGRY THEIDRIWE¥GR or, shown in | ongitudinal section.
Figure s a. horlzontal sect i onal vi ew of the generator shown i n Figurel
with the cg wenm Rlsctivtnatialofthe presant sblidhetae. chloripe dioxidsgenpiaton ng
EMBODI MENT Wth reference to Figure 1, chlorine dioxide generator
COWD\A,{?%?&M séction Figere 2lis b harizantal sastionad viewoafithe geneFatorshawa ik ‘3“'1‘@) by bol t's
extend through block I la, and are threaded to holes 2la in

- bl OCkwhhm&:&ﬂ?p‘fmm&axﬂgthzMa houses eductor 31 and block | 1b, houses

mXing collum and reactor passages. "Water flows through the eductor
31 supkicpg . PREPERAEDEMBODIMENTS 0 t he wat er stream which fbrns
an aqtEdus solutton O % fhe solution is di scharged ftorn, the generator

and pi ped FefoleRbEtoHigihtdq; ciifbrdfedioxide ﬁhnbamrfwrwmprmdsedmmr blockeHat i on
col um 52 3 %y tﬁg om/passagesl4 15,
balted to reaction zone block 11b by bolts 21, which extend through block 11a and are threaded
to holes 21a in block 11b (see Fig. 2). Block 11a houses eductor 31 and block llb houses the
mixing column and reactor passages. Water ﬂows through the eductor 31 suckmg the reaction
product (CI0,) into the water stream which forms an aqueous _so_lugton Cl0,. 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 pusag_e§14, 15,
and 16. In the embodiment shown in Fig. 1, qnly twq passagﬁs 14 and 16 are used. A"pressum
gauge 63 may be mhnected to one or all the ﬂéw passagesid, 15 and 16. Flow passages 14 .
and 16 are conf:ected fo xrieterinﬁ valve 35a and 35b to control the .ﬂow of the reactants to the
reaction colu'nin 52. Check valves (nét shown) may alsq.bé provided in the inlet lines to
passages 14, 15, and 16. | | |
Reactlon column 52 mcludes (a) lower transition zone S3 wluch registers thh passage 15
and tapers outwardly in the direction of flow and (_b) an upper end which registers w:_th passage
54 formed body 11a. An 0-ring 55 provides a seal around the reaction column 52 at the juncture
of blocks 11a and 11b. | o |

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




“and 16.-1n the enbodi ment” 'shown.i:h Fig: L “onty" two passages ‘14 and:

"used. A pressure gauge 63 may be connected to one or all the flow
passagesl4, 15 and 16. Flow passages 14 and 16 are.connected to netering
val ve- 35a and 35b to control the flow of the reactants to the reaction
‘colum 52. Check val ves (not shown) nmay al so be provided. in the inlet fines
to passages 14, 15, and 16. Reaction colum 52 incl udgsMdrch2004r '
transition zone 53 which registers with passage IS and tapers outwardly in
the direction o f flow and (b) an upper end which registers with passage

54 formed body Ila. An Oring 55 provides a sea] around the reaction col umm
52 at the juncture of blocks | | aand | | b. The transition zone 53 has a

| over, TLrdTTURe b3 v ah iffer RmBet duili it e fabiae 24 613 (fuddt), ahd 2004

out | & [Flow are 1nlet 56 may be equal to that of passage 14
(pperhpmacinn Gowaka opf] 37 HAY ATl o gRepe FreblioT R T 1S, ana
LSR8t FBns eI Re i NEA e 23 R b B el o

| overand 134t eBie e raHER BRRRARE phl SR8 s MO et S et
an oo (hrougb et 16 Spra il renfion BPSHiATe dBe poion Ml gy UL
Gencrapveta ronmn B arem e, A e el i e rabfidoade S iefagR” o7 1<
D1 oclupwardly e ever-ssreatog Ao aish) T AZRAPT 18 o pReigRARRAGSE o 1

generally constant flow velocity therethrough. Preferably the zone 53 is generally a circular

frustum, but may be any smooth transition shape to effect an everfincrc'asing flow area
-therethrough. _ _ o
The passages formed in black 11b may be bored in a solid metal body or the block 11b
may be formed in two halves (bolted together through holes 19) to facilitate inachining the
required passages, resulting in a solid-state generator, thereby elimit;;ting the numerous
interconnected components (¢.g., tubing, elbows, fittings, v_alya_, etq.) used in prior art ggngrators.
The interior surface of the block half which mates with block 11b Will bea rnirrox; image of that
itlustrated.

The eductor 31 is mounted in eductor block 11a and serves to ei;af_:lish the vacuum
pressure réquired to..opeme the génerator. Block 112 has an inlet bore or passage 32 formed
therein which reduces to restriction 33. The eductor 31 is shaped to fit into complemeﬁtary
shabed bore sections, one sh§wn as 34.

The eductor 31 comprises (from left to right as viewui in Fig. 1) a nozzle 36 which has
formed therein an orifice of small diameter, a hollow spool sectioﬁ 37; a hollow threaded scctjon

38 threaded to the body 11a and a hollow full opening section 39. The eductor 31 thus defines an




. may ‘be" forrred in two haI ves (bolted toget _rf'ough hol es 19) t )
--factlitate machining the required passages,  resulting in a soli d state
generator, thereby elinminating the nunmerous interconnected conponents

(e.g., tubing, elbows, fittings, valves, etc.) used in prior art

generators. The. interior surface of the bl ock hal f which nmates V\nth bl ock

11 b wll be a mrror image of that. illustrated. The GKilMaQéhﬁdMS
mounted in eductor block | la and serves to establish the vacuum pressure
required to operate the generator. Block | la has an inlet bore or passage

32 formed therein which reduces to restriction 33. The eductor 31 is
shaped to fit into conplementary shaped bore sections, one shown as 34.

The eductor 31 conprises (fromleft to right as vieywed mﬁgg(?ﬁ a nozzle
36 whi ﬁa&.@e&n glSdiAgTy thérethpoughdor conduitiomofoaterdine s mﬂm&r W ow spool

_sectlo > "a hol | ow t hreaded section 38 threaded tQ thﬁ% 55%/9 | 8, and a
hol | ow, E{Jmﬁf)ﬁlbm?e&%&laﬁmh%&w:ﬁheﬁmam passageftis Heles ground e

- 2004 opehi ng udi nal Iy therethrough for conduction aof wa The spool

secti gpoaleé;ioh%ﬂ d%i&nu:ﬁ&@hﬁmau@gyuammmmmfehwcméﬂ & @ﬁé'éfélps thes
p

annul assage 41. Hol es 42 spaced. around spool section 37 conmunicate

Wth thg itk R reRB6R EGMIMB fntd ihe edubtart or 31 for conducting the reacted
Cl102 f'romt e reactlon colum into the eductor. Water delivered to the

bl ock 1l W&Eﬁme}eﬂ@ﬂﬁfﬁﬁckq\wm}dﬁﬁuwmﬁcm droughdbrefdigeludiagt ri ction 33
t hereof, and through the eductor 31. Dotted lines. 44a and 44b illustrate-

Lhe f'oivn&?o%tﬁ ‘BereDhfd ihugh tlid ddagorc. Monzd linc@4s and; ¢4b Hivetratethediony t o

i ncr ed&Y e reglon of openings or _holes 42. Downstream flow expands to

the ful 6Fhd2om 38 %aus@ﬁﬂi& véal6eid o irtreaseinehe mgiontaf opealngworar ge
“line ; w‘? %rogfﬁgt?\ aqueous- sol ution o‘? Cl102 to the systemfor use. The
educt %r les 42. Downstream flow expands to the full dxameter of section 39 Section 39 is connected
- to a discharge line which delivers an aqueous solution of ClO; to the system for use. The eductor
3lisa commercially available item from Fischer and Porter, and. other maanacturers. Moregve;,

it can readily be machined by those skilled in the art.
Operation

The block 11ais 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 3enerator through lines 28 and 29 aad flow through prccmon metenng valves 352 and
35b. Valves 35a and 35b are ;djusted to yield the desired flow rates of reactants Meters (not -
shown) may be used to indicate the desxred ratxo 'I'he reactant flow rates mll be detetmmed by
the desired production rate of CIO; solution. The concentration of the aquepus chlorine dxox:de :
solution is controlled by controlling the reactant flow rates into the ge’néra'tor. The presém
generator is capablel of producing. an aqueous chlorine dioxide having a concentration in the range

of 200 to 3300 mg/1.




31 is a cormerm aI I y ava| I abI e |temfrom F| scher and Porter, and other

- manuf acturers. Mreover, it can readily be machined by those skilled in the
art. Qperation The bl ock 11a is bored or machi ned to receive the eductor
assenbly 31. As water is flowed fromline 30 through the eductor 31,
precursor chenicals (reactants) enter the generator through lines 28 and
29 and flow through precision metering valves 35a and 3 tMakeh 2004 35a and
35b 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 Cl102 solution. The
concentration of the aqueous chlorine dioxide 'solution is controlled by
cont r ol | i nghé preferrdetatintsfakosudiuat chborite(Na Clfk) enteringblask 1 1y thropghaabyet
generator is capable of producing an aqueous:chlorine dioxide having d
concessy Al dnAuedussbatiomotupproximalélp 25% codentratiph) andThlokine gas () 2ateting
-preferred reactants are sodiumchlorite (Na Cl102) entering block | Ib

t hr ougRoNEN véfve 332D ThElusbf aEHeE fdRamOis pdistble intluding sadiamiypdchldritésnd HCL.
concentration, and. chlorine gas (02) entering through valve 35a. The use

of other ratdMsthich Pﬁﬂ&%ﬂb&z&nmummxmwﬁmhhmmemamom Wt er
flow through the eductor 31 creates a vacuum (in accordance. with the

wel | - gﬁgnh the'?égx&ﬁnﬁi&):hd obll¥ection 37 aAd irthufar gassigeot 15 RatkingaRet i on 37
and annu ar pas e 41, Sucking the reactants up the columm 51, including

- zone gct ¥ uhet\& %ld?ﬁi ﬂ“?ndilﬁ?tfgt 700 53.T BG timehErdactidds redch the kliRyorDay e

reacte 102 upon contacting.the water streamis dissol ved or

di Spegs ﬂa&é}%&t cgfonrng?tlél dnlchntadiBg Ui veaaISEEGR isdsOledGEMERFse AL t he

.reacta S are erre reactants conprising.an aqueous sol ution of
about, 2R% sodi um chI orite (NaC1(2) and chlorine gas (d 2).

For clarity, the discussion below assumes that the reactants are the prefcn'ed reactants
comprising an aqueous solution of about 25% sodxum chlonte ('NaClO;) and chlorine gas (Clz)

As noted above, however the use of other reactants is possible. The ldeal reaction is given by |
NaClO; +Cl;  2ClOs(g) + NaCl o (1)

Thus it can be seen that for each mole of Cl; reactint consumed, m.ro mol;s of ClO; gas a;re.

produced. The effect is that the volume of gas in the products is approxunately twice that of the

reactants. It isan object of the present tuned reaction column 53 to uccommodate the increase

volume in a way that causes the reactants to mix properly thereby upprovmg production

efficiencies. . |

An aqueous solution of NaCIO; is drawn under vacuﬁm into blhck 11b through,_metéring

~ valve 35b. The solution flows through passage 26 and into a lower section 59 of transition zone

53. Simultaneously, 'gaieous Ch is drawn under vacuum through metering vélve 353 and flows

through passage 14 and upwardly through transition zone 53. The NaClO; and Clz mix and



As noted-above;*however, the use of other Treactants is possible. The ideal
reaction is given by NaClQ2 + O 2 2C102(g) * Nad (1) Thus it can be seen
that for each nole of O 2 reactant consuned, two noles of Cl02 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 presen
tuned reaction colum 53 to accommbdate the increase \il Mmech 2004 way t hat
- causes the reactants to mx properly theréby inproving production
efficiencies. An aqueous solution of NaCl Q2 is drawn under vacuuminto
block 1 I b through. netering valve 35b. The solution flows through passage
26 and into. a |l ower section 59 of transition zone 53. Sinmultaneously,
gaseous Ch is drawn under vacuum through tering.val ve .é%a“?cﬁdn | ows
t hr ougdxpRmbEaDRRiohonnS3 anlthe staptionACERIGNAS 19 EFHaFIPR b °7B1% 5% 'R Raci o2 and
Cl2 mx and 9 31 March 2004 expand transition zoneg 3}? %?}g*tgl}% r§action
accor diirgaltyinSantatéons agdithersbore there irprimmaadiate HArEAse In fhe Yojimg P 29%M aneous
and therefore there is an imediate increase in the vaql une B fthe flow as
has begs bdesdéstiins innelatidretbiEquation (e Flaw expagder (.65 t%"@%m&g )is
(Le.,transition zone 53).-is designed so that as the reacti ng‘zﬂ | ow proceeds
upwar deesignbé sé ihavasthereacting fiersproceeds ypvinsdsy the Slaw asea nrfsases BLPFORATIAM O wher eby
~the flow velocity remains approxi mately constant. The ratio of%(lﬁgge fl ow
area Ofe flo® volithewhémby therflomevelotjty remainsapproxisately consiant Thegatio, 53 shoul d
ideally be about 2:.1, but a wider ratio bay be used. This ensures that the
T eact g ahd Ve tifelullen{neaximi area) to the inlet ofgrapgitien gone §3sheuld ideallydke abeutct i on
efficiency. Also transition zone 53 induces some turbul ent m xing which
al SO | FPrRN Awiléreaticbey beused:{ This ersarey thavthe rdactants hivest sufficienntime taix t i on zone
57 (i.e.,
: properly to obtain good reaction efficiency. Also transition zone 53 induces some turbulent

mixing which also improves the reaction efficiency. At the outlet of the tran'sition zone 57 (i.c.,
position of maximum flow area) the reaction is complete and the flow transitiofls to constant ﬂoi:v
| area column 52. The velocity in co!uﬁm 52 remains constant up to \‘(acuum.r:egion of annular
passage 41 thereby providing a steady feed of CIO; gas into the chamber. _ The CIO; is drawn
under vacuum into eductor 31 through holes 42 and becomes dissolved in the water flowing
therein.. An ﬁqueous solution of C10; flows through eductor 31 in a.n expanding flow pattern
(indicated by lines 44a and 44b) and is discharged into sectlion‘39 and downstream fo;_
application. The production rate refers to the rate of production of the ClO; aquecus solution
usually expressed in Ibs/day. The ratio of the area of outlet 57 (max) to the area of inlet 56 (min)
will be between 3:1 and 1.5:1, préferably between 1.8:1 t0 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
reaction column as used in prior art generators), as the flow expan'ds 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

10A



W -area) the reaction:is canplete and the
. - flow area col um 52.-'The vel-ocity in col.unm 52
remai ns constant up to vacuum regi on of annular passage 41 thereby
providing a steady feed of CLO2 gas into the chanber. The CLQ2 i's-drawn-
under vacuuminto aductor 31 through holes 42 and becones dissolved in the -
water flowing therein. An aqueous sol ution of C102 flom§ hggoggg“ duct or
31 in an expanding flow pattern” (indicated by |ines 44a h #B#P04nd i s
di scharged into section 39 and downstream for application.. The production
rate refers to the rate of production of the Cl02 aqueous solution wusually
expressed in | bs/day. The ratio of the area of outlet 57 (nmax) to the area
of inlet 56 (mn) wll be between 3:1 and 1.5:1, preferably between 1.8:1

v an icreadfit [t DL ofi Sbkdler WERYENPuching thefeh) %ﬁ?&@%&%‘#&%‘*&%{% | ow ar ca

' t H H ¢ " ] ! . t
220t MRS WTTAR RS he Ry A ASHRIBOR Bk B DNl DR, L1

LA i BB & Bl G RERAT o APRLPE AEY 72 Vs

hi ghe ocIty. can resu pl'acermnen

tner ey st rRgEHS L@?ﬁ%?%%%&%?# iR RRhe R RS i s“ﬁf‘i il operia
gener Stverel AlbPas Bl oV 0% 4o ot BB ARl E 8 P o T,

significant reduction in reaction efficiency. In the present tuned _
reaction generator, it has been found that operati-on at turndown ratios as
| ow as 10% does not |ead to serious degradation in perfornmance. This t OB
31 March 2004
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capability increases the versatility of the generator since it can be
operated over a wi der range of production rates as dictated by a

particul ar application. The present generator is pre-calibrated whereby the
user specifies a production rate of dQ, typically in | bs Cl02/day.. This
rate will vary from application-to- appllcatlon and wil |l er @\(MtSrll
within the range of 10 to 1000 I'bs C 2/ day. The wat er ??@&f

\ellgjcﬂﬁt g%fse@! %y gauge GW typi cal ly be a?)?f}ft& 10 t gﬁagr [ nThe
of rlgé{‘%‘gﬁr%% Ry e i th G Q. production
LZT Ves 33 o R B Bl e hac poeh
1 ur ndotos PRl a6 ClOB R d i ol B e B a0, ot - Che
1) Bl 1R 8 cROF 0% 1008 YTIGHA MG St BT alfutdts | 07 00
#Sn'nér a8 il Sy e W‘%ﬁ‘?ﬁ*gﬁ“"'ﬁ”‘" B ncage 14
Y\hrri*rlsgl % ) ow'?é an’g'fbsl on zone 53 nd%?ﬂ%acmbﬁ?r?n Loccz:?t_i ggs
W th, M%r i g i i) o RIS SRS O 20 o 50
17 2 R s o o A e ad 11
to provide the appropriate settings. As has been indicated, tests have lhnwn that the p_resent '
generator may be 6perated at t’pfndown ratios of about 1010 160%.
Ix_x'm alternative embodiment, the cﬂoﬁne entering the reaction column 52 (which

includes transition zone 53) is generated by reacting NaOCI with HCI. In this embodiment,

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

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

15. The two precursors meet at a location imniedia.tely beloiw transition zone 53 and .quickly

ceact to form & Cls gas. The Cl flows upwardly through transition zons and mixes with, and

reacts w:th, NaClO; forming ClO; as described above.

Experiment |

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

inches and a nozzle orifice of approximately 0.14 inches.

11
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The reaction block | |Ib had the follow ng di mensi ons Reaction colum -
Transition zone Length Max D (57) Mn D(56) passages (14, 1.5 and 16) O. 75"
0.625" 0.375" .0.375" Measurenents were taken. for three production rates.
of 340,100, and 50 | bs. Cl02/day. The suction pressure was set -at 11 in.
Hg. Fol Il owi ng each test titration analysis was perforrred31MQIﬁthemmne t he
actual Cl02  production rate. The efficiency was cal cul ated by dividing t he
measur ed ratncmdﬁlaokrlgbhudmeﬁﬂbﬂngdhnmw The anal ysis was done using

~ the current EPA approved nethod published in- Standard Methods for:the -
Treat ment of Water angleadsich@iner and |istedShs 4500 C102 E. The results
are summari zed bel ow. Target Rate Measured Rate Efficiency (% (lbs

C102/ day) (| bs C102/ day) %ﬁﬁ“ﬁ'ﬁ .5 100 95 .95 . 50 50 8 101.6 o

Length N 015"
Max. D(57)  0.625"
Min. D (56) 0.375"

Passages (14, 15and 16) -~ 0.375”

 Measurements werd taken for throe pmduotiori rates of34_9,iOO, and 50 Ibs. CIO:/day.
Thesuctxonpresmrewassetatllm.l-lg | |

Following euch test titration analysis was pert‘omlod to determme the aetual CIOZ
productlon rate. ‘The eﬂicxency was calculated by dmdmg the measumd rate by the target
productlon rate. The analysis was done usmg the current EPA appmved method publmhed in

Standard Methods for the Treatment of Water and Wustewater and listed as 4500 ClOZ-E The

results are summmzed below.
Target Rate | Measured Rate ~ - Efficiency (%)
(ibs C102/day) . _ (lbs _CIOZIday) _
340 322 95.5
100 95 _ 9
50 ' 50.8 - 1016

In the 50 lbslday test, the efficiency exceeds 100% which is due to expenmental uncertainty. In
- each case the tests indicate excellent convemon eﬁ_cxencws. In each test the measured pH of

the ClO; solution was between 5.7 10 5.9.
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In the 50 I bs/day test, the efficiency exceeds 100% which is due to
experinmental uncertainty. In each case the tests indicate excellent
conversion efficiencies. In each test the neasured. pH of the Cl102 sol ution
was between 5.7 to 5.9. 12 31 March 2004 WHAT IS CLAIMED IS: 1. A chlorine
di oxi de generator conprising: (a) an eductor having an |n§?§d a tlet,
and a vacuumregi on between the inlet and the outlet; n
col um conprising (I') a transition zone having a | ower inlet, an upper

out | et red surface interconnecting the Iovver inlet and
t he upper gﬂﬂgfé’&ggm&s per outl et having a flow area substantially

| ar ger tha? é ﬁ?n oW 3 a of ttrhe Io.\gver I nl et whereby the flow area through
the transiti 8 2618 1o §§‘§°é§° YN8 | ower inlet to the upper outl et;

d (ii f f th
e S R PR BN S e s A S By, st e

connected to t.h‘pge a/\&F trlﬂ et of the transition zone; (d) a second fl ow
passage connec 4 R ansiti on zone between the lower inlet and the

upper outl et b her eof L&%‘) f{ rst conduit for delivering a first reactant
to the fi rst( RS %"5 QPR SW8second conduit for delivering a second

:neic;t z;n% hteot '; 2 asi?ﬁ%gﬁ%%?f& ass %H’W}Sr e%ﬁf)ext u%le amﬂ S%o&hsecond reactants
tapered surface interconnecting the lower inlet and the upper outlet, sald '
upper outlet having a flow area subst_antia]!y larger than the flow area
of the lower inlet whereby the flow area through the transition zone increases
from the lower inlet to the upper outlet; and |

(ii) a flow passage interconnecting the upper outlet of the transition zone and the
vacuum region of the eductor; o
(c) a first flow paésage connected to the lower inlet of the transition zone;
(d) a second flow passage connected to the transition zone between the lower inlet
and the uppér outlet thereof; |
(e) a first conduit for delivering a first reactant to the first flow péssage;
(f) a second conduit for delivering a second reactant to the sccoﬁd flow passage
whereby the first and second reactants mix in the transit.ion zone to form chlorine
dioxide;
(@) a water conduit connected to the inlet of the eductor for delivering water through
the eductor whereby chlorine dioxide formed in the transition zone is sucked into
the vacuum region and dissolved in the water flowing therethrbﬁgh; and

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

13



di oxi de; (g) a water conduit connected to the inlet of the eductor for

del tvering water through the eductor whereby chlorine dioxide fornmed in
the transition zone is sucked Fnto the vacuumregi on and di ssolved in the
wat er flow ng therethrough; and (h) a conduit connected to the outlet of

the eductor for delivering the water having 13 31 March 2 e
di oxi de di ssolved therein fromthe eductor. 3. The chlori agiﬁ?'{fi‘%ﬂgﬁ
generator of claiml wherein the ratiq of the flow areas of t he upper
outl et and t%@ﬂ"ﬁﬂtﬁ“qerﬂ‘%t’l"e‘f‘hﬁﬁé"? ﬁ’s‘ﬁ"\' 69{ zone i s between about 1. .5: 1
and about -. 1. 4. The chlorine | OXI tor of, cl aim If wherein the
sur f ace |rﬁte?'l9§h1?é@9ﬁ}?§f'qelﬂénefﬂfﬁb@‘r° ol e of hgdlow fpasolos  he
transition zone is in the shape of a circyla stum 5. The c¢hlorine

.
di oxi de gendhappper pitleg pnd ‘t’?FlP“Wﬁéﬂ"é ohthe Hé“’ﬂtl%ﬁn"p‘ég’g'é’ﬁén U he reaction

colum is no snmaller than the outlet of the transition zone. 6. The
chlorine di ok¥dandehoutddor of claim| wherein the generator conpri ses a

third passa intersectjng the first pagsage,for_.delivering.a thir

react ant t%grheém?f'"ﬁﬂpﬁ‘dﬁlﬁé“??‘?%‘ffr °ﬁ’é"&gt"'§‘ﬁ g‘t‘Be Fisfage H‘Iﬁ‘?’%‘?‘ﬁ"ﬁ‘g ng fhe The
generator of claim®6 wherein the ?‘gctants deljvered to first and third
passages r eabRPef eutichand the fayyer jletiof the fransition;zane.is in the shape o éﬁ'é‘f‘ﬁ‘on zone. 8.

In-a chl orine dioxide generator havinga water fl ow eductor and a reaction
col utm wher effest@®2 and NaCl O., are brought together and react to form C102,

5. The chlorine dioxide generator of claim 4 wherein the ﬂovi passage of the
reaction column is no smaller than the outlet of the transition zone.

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 chlorine. | |

7. The generator of claim 6 wherein the reactants delivered t§ the first and third
passages react to form chlorine below the inlet of the transition zone. |

8. Ina chlorine dioxide generator having a water flow educ_tdr and a reaction
column wherein Cl; and NaClO; are brought together and react to form ClO,,
which is sucked into the eductor, the improvement wherein ihe reaction
column has a transition zone of increasing flow area in wluch the Clz and
NaClO; react to form CIQ,, the increase in the flow area throughout the
transition zone ranging from 1.5:1 to 3:1.

10. The generator of claim 8 wherein the increase in flow area ranges from 1.8:1 to

29to 1
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whi ch is sucked into the eductor, the inprovenent wherein the reaction
colum has a transition zone of +ncreasing flow area in which the Cl2 and
NaCl @2 feact to form Cl102, the increase in the flow area throughout the
transition zone ranging from1, 5: 1 to 3: 1. 10. The generator of claim38
wherein the increase in flow area ranges from1l. 8 1 to f@?an‘cﬂ:iooy 31
March 2004_ 12. A method for produci ng an agueous_sol uti o% chi‘orine

di oxi de cdiphmsthed feuprodycingan aguequs selatiomofchiorisedioxidesomprising one wi t h
sodiumchlorite to formchlorine dioxide gas, said zone having an

i ncreasi ng dRbwixing chlerineiie a flowiransitior rangwith seylium ehlgritg ta feemehloting ne di oxi de
gas through a reaction colum; (c) bringing the chlorine dioxide gas into
contact w th diowdesasswaidzone hades araincmun%mpcteshuhqeﬂmdiremipnx he chl orine
di oxide gas is drawn into the water to forma chlorine dioxide aqueous

sol ution. 13b) figydngthetrhlprioe disixidergag throvgbaageastiomeotymaduct i on rate of the
aqueous chlorine  dioxide solution between 10 and 1000 | bs/day. 14. The

met hod of cl(&)bingingheehlerinerdiaxide gas inte comact with atweaterstredminder aan out | et, and
a snooth tapered surface interconnecting said inlet and outlet, the ratio
of the inlet VAWYTLRIESSEre whesehydheehioningdioxide gas indrawsinto theovaertd. 15

form a chlorine dioxide aqueous solution.
13. The method of claim 12 wherein the production rate of the aqueous chlorine
dioxide solution between 10 and 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 from 1.5:1 to 3:1.
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