31 March 2004 BACKGROUND OF THE I NVENTI ON This invention relates 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 colum
whi ch provi des exceptional reaction efficiency and all cysvbapg sigiaer at or
to operg J production rates. Chlorine dioxide (C102)
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(NaClOz)/chlorine (Clz) reactor. The Cl, may be used directly or it may be formed by the

reaction of HCl and sodium hypochlorite,

At normal operating pressures and temperatures, C10; is a gas and is exiremely explosive

(above about 300 mm Hg pressure C1O; may detonate). Because of its explosiveness, Cl0; is

usually generated under a vacyum and dissolved in water for use. ClO; is unstable chemically

and thus cannot be shipped; it must be generated clm site.

A number of vacuum-driven CIO; 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 (-Jf U.S. Patent No. 4,590,057, the Vulcan generator i8

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



and the |like. These conponents are secured to a relatively |arge nounting
board or surface. The 2 31 March 2004 several connections required
present sources of pressure and vacuum | eaks which could result in poor -
performance and conversion efficiency. Oher disadvantages include higher
mai nt enance and i ncreased space requirenents for instal3timMgrédhzoogener at or
at the& onversion efficienc the ratio
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production effic
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 Cl0; 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 ClO; production efficiency.

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

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



The present generator conprises a body having fornmed therein a tuned
reaction colum wherein the reactants conbine to form Cl102 gas, an
eductor connected to the reaction colum for 3 31 March 2004 di ssol ving -
the C102 gas in a water streamto form an aqueous Cl102 solution, and a

di scharge line for discharging the solution. The react afit viaRbledo04
reaction colum, eductor, and discharge are preferably interconnected

t hr oughdigtalyinggde Clbrasslingy watersinéametg form @WQUQQQ%IEIQZ elutéam and| 3 discharge g ¢ he
assortment of hardware (i.e. fittings, elbows, etc.) used in prior art
desi gnsfor fischargirigithe solusivn Thecredcipnt ipletst 1eaction eelwnn, eductsy and dischargadreat es
pressure and vacuum | eaks, reduces mai ntenance, and reduces the overall

si ze of prefeeablydnterconngeted through paseagpschored af snaghinediin B bedy therely elimieatisg of er r ed
reactants are an aqueous solution of sodiumchlorite (NaCl O2) and chlorine
gas ( Cliteassoxtment of hasdwase(is. fiftings, elbpwacstc.hysgd Mpoior art degigaee nkhiesolid-gaio) | nay

al so be used. The eductor conprises a suction chanber which is fluid
comuni Besiznehthapresent meneratas slimispietRypagwrs and waguum lepkspreducesmainteranse,aad| i shed
in the chanber using a water nozzle wherein the water velocity increases
whi | e t Fedugss theouerall daaofdberenerptarfonsanyenipnt ipstallatinnon ite: s princi pl e) t hereby
creating a suction pressure. The suction draws the reactants through the
gener at or i niheteefutied reagtapts prean aqusges solyton-of sodimmshlasite (NaGQe) a8 ghlgsing on of
the reactants to Cl02 occurs_al nost instantanegusly. = The Cl02 gas is then
sucked B#{Eh). Hasherreactagissucyis Fchand NaOC) (te eenepate Chly mpypler beisedy BSus sol ution
of Cl102. The concentration of the chlorine dioxide aqueous solution is
cont r ol ldgton goraRsises foTuptignshambes which is fhwg commayicatignawith the pagtioa cfsMBr at or . The
present generator is capable of producing an agueous chlorine dioxide
havi ng AVetionpeEsures posblishedinthe shamber using 20pter gozieherely the water velggity hj s
reaction, each nole of 02 gas consuned yields two . nles of Cl02 gas
product incpeaiss wilethe prsssurede %%(fquordmfgﬁeﬂ’@ B SEUR'S) thArehy(FERHBER i on wi | |

have a | arger volu . .
suctign pressure. rj{,le]e 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 ClIO; gas is then sucked into thewater stream where it dissolves to form an aqueous solution
of Cl0;. 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 baving a concentration in the range of 200 to 3300 mg/liter.

In this reaction, each mole of Cl; gas consumed yields two moles of C1O; 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



(approximately two tinmes or nore) than the reactants. The reaction colum
Is "tuned" to accommodate this increase in volune by providing a segnent
of increasing flow area in the form of a flow expander (i.e. a diffuser)
wherein the increasing flow area in the direction of flowi) acconmodates
the increase in gas volune, ii) maintains the reactants Jtvaeah bopgconst ant
velocity 4 31 March 2004 whereby one reactant will not flow Past another
unr eact wherebyroge reaptyntiwill neteflpwpantcanptheryureated, and ill) indrcihiosts bvlent o pronot e
the reaction. This tuning has the effect of allowing the reactants to
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generator. By the tinme the flow reaches the outlet of the diffuser segnment
of the toethowhghy mix therby impeovingdhe fomymsioneticiensy of e g Me vol une of the
products thereafter remains constant. The diffuser fc}f\e ment g}ipschgrges t he
products ( CBythatine thedioy reaches the eujley of the diffysersegmpint o °8‘6ﬁ’§f‘3 O t8% ar ea
wherein the velocity of the Cl02 gas is virtually constant. This insures a
st eady tessHionaneomplaidandithe volymesef the nrgdupts fhereafter maing copstaat. % he C102
I's dissolved in water form na an aﬁueoys cl gz . sol tior}. The tuned
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application, The turndown ratio_is defined as the rcent maxi mum C102
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of 500 I bs of G2 per day, operating at fate of 50 |bs, Cl02 per day
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rovi de excellent conversjion efficie at turndown ratios, a as
P is generated at a minimum of 95% etrﬁciency w%%m more t'['{an 9}3 excessaélg and/or ?\Tabfalzv.

The CIO; solution is discharged from the generator outlet and conducted by tubing to the point of

application,

The turndown ratio is defined as the percent of maximum Cl1O; production
rate. For example, a generator having a maximum production rate of 500 Ibs of C1O; per day,
operating at a rate of 50 Ibs 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 Cl0,

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



10% Prior art. generators are limted to turndown ratios of about 30% and
above. At ratios below 30% these generators exhibit degradation in
conversion efficiency due to i nadequate mxing of reactants. Poor
conversion efficiencies can lead to uncertainties in the CL02 production
rate and Cl102 concentration levels in the applied aqueous solution. 5 31
March 2004 BRREF DEP t wnr. Figure 1 is a schemadlMaseh 2004 oy esent
solid-state chlorine dioxide generator, shown in |ongitudinal section.
Figure 2 is a horizontal sectional view of the generator shown in Figurel
with the cutting plane taken along line 2-2. D Wth reference to Figure
1, chlorine dioxide generator 10 conprises eductor block 1 la bQted to
reactiQ qne. bl , Siel, which extend through block | Ia and
are EHEeagett o Notes 2T T Dl ock | I'b (see Fig. 2). Block 1la houses
eductor 3], and block 11b us + 9 o X AGh jfpassages.
Vet or 11 oRUEh} BgRATTA St i Ble  er e Be & D)
into the water stream whi ch f.orng | fehQdin B ol ution
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has fornmed therein a regction colum 52 fed by three flow passages 14, 15,
and ¥eth thecuttiag PABOBKPARHPI&EMSHZin Fig. 1, only two passages 14 and 16 are
used. A ssure_ > 63 e QM to one or all the flow

pass 2 NN IS -\‘" d 16 are connected to metering
ind 35b to control the flaqw of the reactants t neaction
col um 52 }Vl@@&@‘v&lt‘&g!ﬁ“{%ﬁm&ﬁm?mﬂ%?m?f lggowg%s&g%:??rnbl?ﬁlfel l?nl et

val ve 35a and
lines to '

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 eduéto’r 31 and block 11b houses the
mixing co!uﬁn and reactor ‘passa'gcs. Water flows through the eductor 31 sucking the reaction
product (C!Og)‘ into the water stream which forms an aqueous solution ClO;. 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 passagesl4, 15,
and 16. In the embodiment shown in Fig. 1, only two passages 14 and 16 are used. A pressure
gauge 63 may be connected to one or all the flow passages14, 15 and 16. Flow passages 14
and 16 are conﬁected to rxieterihg valve 35a and 35b 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 registers with passage 15
and tapers outwardly in the direction of flow and (b) an upper end which registers with passage
54 formed body 11a. An O-ring 55 provides a seal around the reaction column 52 at the juncture
of blocks t1aand 11b. | |

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



“passages 14, 15, and 16. Reaction.colum 52 includes (a) |lower transition
zone 53 which registers with passage 15 and tapers outwardly in the
direction of flow and (b) an upper end which registers with passage 54
formed body I la. An O-ring 55 provides a seal around the reaction.colum

52 at the juncture of blocks | la and | |Ib. The trangitjo 53 has a
|ower mnimumflow area inlet 56 and a maxi nrum fl ow §leéda6&5§&%§rch 2004

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

t he upper portion of reaction colum 52. As shown in Fig. 2, the colum
52 and transition zone 53 may be concentric f)]ow from pas es 14 and 15
(i f oued57.cTheminiten flowerd iolst Sonunts egpal 1o W8t Hfp2irassoli 'P'ﬁ’e’ G?ﬁa ‘E‘F‘?Q?u?ﬂdr | ow ar ea
inlet 56, and flow through passage 16 entérs the transition zone 53 at a

| OWethe Shakimym foivaaneasiitlet iTmaayfbe equal torihe ypperpastien ofiteachpn FAMASEoMSar ea i nl et
56. As the reactants mix in the transition zone 53, they flow ugmardly I n
an ewfywn il Figeasthe golfinn 62 andzansifibezane 45 giay be ponceptac Gawi Eom Azsstassdd nai ntain
a generally constant flow velocity therethrough. Preferably the zone 53 is
genegal 19/(ifused)enter dfe redctiorstolimn #aipoimblyeldye themyiniorgd flow areanalet oA hape to
effect an ever-increasing flow area therethrough. The @;ssa es formed in
bl o Hovk HroUgH/pdasagh 06 esteds thearansitionczome 5 hit atlower sisle portioniSiodhareot, slightlyray be
formed in two hal ves (bolted together through holes 19) to facilitate

MacC hjjive She diiRimiR Gdivaeéh iftesitagashe measantshingn the tangidn zbng 53 theyyBever at or
thereby elimnating the nunerous interconnected conponents (e.g., tubing,’

el boiﬁ?warﬁiytiﬁ ah @Per-ioiaViag flowlafea) ThEBshshion poriesd instipgimenzitteing.  The.
intertor Surface of the block half which mates with block I 1 b will be a
M 11 9netdIBIBnfint flBRLvelocity therethrough. Preferably the zone 53 is generally a circular

frustum, but may be any smooth transition shape to effect an ever-increasing flow area

ther_ethrough. ‘ _ '

The passages formed in block 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 rhachining the
required passages, resulting in a solid-state generator, thereby elimiﬁﬁting the numerous
interconnected components {e.g., tubing, elbows, fittings, valves, etc.) used in prior art gengrators.
The i.nterior surface of the block half which mates with block 11b will be a mirrm; iniage of that'
illustrated,

The eductor 31 is mounted in eductor block 11a and serves to establish the vacuum
pressure required to.operate the g'enerator. Block 11a has an inlet béré or passage 32 formed
therein which reduces to restriction 33. The eductor 31 is shaped to fit into complementary
shaped bore sections, one shﬁwn as 34.

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




- jllustrated. The eductor 31 i's nmounted in eductor block 1la and-serves to
establish the vacuum pressure required to operate the generator. Bl ock
| a has an inlet bore or passage 32 forned therein which reduces to _
restriction 33. The eductor 31 is shaped to fit into conplenentary - shaped
bore sections, one shown as 34. The eductor 31 conpriisﬁh&fron1left to
right as viewed in Fig. 1) a nozzle 36 which has for Meh0f4 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 7 31 March 2004 opening |ongitudinally
t heret hrough for conduction of water. The spool section 37 fits into

conpl e”E-“tgi&@ﬁ@%ﬁgﬁtg&%{@%@p?ﬁ]ﬁg@%@ﬁJ?v.iiea‘r.i TRSspablitbiion PESsage 41. Hol es

42 sppéed communircate with the | ongitudi nal

openi ng of the eductor 31, .for. ' c @ @Paded arovndie
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through |ine 30 flows.thro Qre 32.] s | Bt | ther eof |
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pattern. Note the orifice 9 causes the velocity to increase in

t he rieagteshCi: fﬂifﬁm“r@%‘“B?w{ﬂ'Bﬁg‘iozli'g. "%E?vmst ream fl ow expands to the full
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holes 42. Downstream flow expands to the full diameter 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 cémnierciﬂly available item from Fischer and Porter, and_other marnufacturers. Moreqve;,
it can readily be machined by those ;killed in the art.

- Operation

The block 11ais bofed or machined to receive the eductor assem‘oly 31 .

As water is flowed from line 30 through the eductor 31, prec;:rs.or chemicals (reactants)
enter the generator through lines 28 and 29 and flow through precisiép me#eringl valves 35a and
35b. Valves 3Sa and 35b a.re.adjusted to yield the desired flow rate's‘ of reactants, M_etefs (not
shown) may be used to indicate the desired ratio. The reactant flow rate§ \ﬁll be determined 5y
the desired pr_oduction rate of ClO; solution. The concentration of éhe équepus chlorine dioxide
solufion is controlled by controlling the reactant flow rates into the genéra'tor. The present
generator is capable of producing-an aqueous chlorine dioxide having a concentration in the range

of 200 to 3300 mg/1.



" As water is flowed fromline 30 through the eductor 31, precursor.

chem cal's (reactants) enter the generator through Iines 28 and 29 and

fl ow t hrough precision nmetering val ves 35a and 35b. Valves 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 _ | ow rates
wll be determned by the desired production rate ofs%ﬁﬁg%ggpgéion. The
concentration of the agueous chlorine dioxide solution is controlled by
controlling the reactant flow rates into the generator. The present
generator is capable of producing an aqueous chl-orine di oxi de having a

concent gl o o4 0 Y8 Escabln A (980 by Bl VY (it

preferred’r nt's "are sodi um chl ori Na ClQ2) entering bBlock 1 1 b
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is given by NaCl®2 + Cl2 2C102(g) + NaC (1) Thus it can be seen that for

each b8 of O 2 reactant consumed, two nol es of C102 gas are produced.

The effect is that the volunme of gas.,in the products is approxi mately
twi ce t hafFopflagiythe discussion below assumes that the reactants are the preferred reactants

comprising an aqueous solution of about 25% sodium chiorite (NaClO;) and chlorine gas (Cly).

~ As noted above, héwever, the use of other reactants is possible. The ideal reaction is given by |
NaClO; +Ch,  2ClOy(g) + NaCl ()

Thus it can be seen that for each mole of Cl, reactént consumed, tﬁo mol;as of ClO; gas ﬁre.
produced. The effect is that the volume of gas in the products is apt:rbximately twice that of the
reactants, I; is an objeét 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 NaCIQ; is drawn under vacuum into blﬁck 115 through metering
valve 35b. The solution flows through passage 26 and into a lower section 59 of transition zone
53. Simultaneously, gaseous Cl, is drawn under vacuum through metering valve 35a and flows

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



reactants. It iss-an object of the present tuned reaction colum 53 to
acconmpdat e the .increase volune in a way that causes the reactants to mXx
properly thereby inproving production efficiencies. An aqueous sol ution
of NaCl Q2 is drawn under vacuuminto block 11b through netering valve
35b. The solution flows through passage 26 and into a r i on 59 of
transition zone 53. Sinultangougly, gaseous az2is d?i&%gﬁhé®ﬁavacuum

t hrough netering val ve 35a and flows through passage 14 and upwardly
through transition zone 53. The NaClO2 and C2 mx and 9 31 March 2004
expand transition zone 53 and the reaction according to Equation (1)
occurs. The reaction is virtually instantaneous and therefore there is an
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31 i- n meilging )&%?crl%dails%girrrplrgvvgs %tréa%{ign efficiency. At the outlet of the transition zone 57 (ie.,

position of maximum flow area) the reaction is complete and the flow t.ransitions to constant flow

area column 52. The velocity in cquﬁm 52 remains constant up to vacuum .region of annular

passage 41 thereby providing a steady feed of ClO; gas into the.cha-mber. | The CIO; is drawn

under vacuum into eductor 31 through holes 42 and becomes disscived in the water flowing

therein. An 5queous solution of C10; flows through eductor 31 in aﬁ expanding flow pattern

(indicated by lines 44a and 44b) and is discharged into section‘39 aﬁd downstream for

application. The production rate refers to the rate of production of the CIO; aqueous solution

usually expressed in Ibs/day. The ratio of the area of outlet 57 (xm&) to the area of inlet 56 (min)

will be between 3:1 and 1.5:1, 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
reaction column as .used in prior art generators), as the flow expaﬁds 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



'f*(lndlcated by Ilnes 44a and 44b) and is: dlscharged into sectlon 39 and
downstream for application. The production rate refers to the rate of
production of the Cl1Q2 aqueous solution wusually expressed in | bs/day. The
ratio of the area of outlet 57 (max) to the area of inlet 56 (mn) wll
be between 3:1 and 1.5:1. preferably between 1.8:1 to 2.9:1, and nost
preferably between 1.9 and 2.8 to 1. Wthout the advar3laMErek 2008 present
tuned reaction columm (i.e. a constant flow area reaction columm as used
in prior art generators), as the flow expands the reaction products woul d
-accel erate in the reaction colum. This creates |ocalized regi ons where
part of the flow may be expanding and nmoving with higher velocity. This
can result in displacenment of reactants causing |IpA 31 March 2004 the

r eactibpfesciantsto Bow pastone Arothas sithayt fﬁ%‘ﬁ%ﬂ?‘*é&éﬁﬁﬁ’gsmﬁpmcde@r adi ng
performance, In addition this effect limts the "turndown" ratio" at

whi crrddition sl effeqt dimitale erndoren"reiéal at whighrthe genezator masnks optecated. lopeoat i on
at turndown ratios of about 30% results in a significant reduction in

r eactarbgengqarars joperation atunndewmratioeef aboutrddls reseltsin asigpifivanateductionin has been
found that operation at turndown ratios as |ow as 10% does not lead to
ser i desrtige gifeiracy.ofn lihnp{eaﬂﬂmnndimmon'lﬂeng'amﬂiehﬂbeem’mnhd Ba0dperstivpabi [ ity

i ncreases the versatility of the generator since it can be operated over a
wi dertuindawe rasios ap laydascki¥odoes aibisadite serias degrdddiiondn perférimantar THipp! | cat i on.
The present generator is pre-calibrated whereby the user specifies a
production rate of C @2, typically in Ibs dQ/day. This rate will vary
from application-to appllcatlon and will generally fall wthin the range
of 10 to 1000 | bs Cl102/day. The water flow rate is adj usted to
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provi de adequate vacuum pressure to operate the generator. The vacuum
pressure is set by gauge 63 and will typically be about 10.to 12 in Hg.
Titration neasurenents have been conducted to calibrate the settings of
reactant flow rates as indicated by meters with Cl02 production rates.
Wth reference to these calibration data, the user w | [31a¥jastch 2004 ves 33
and 34 to provide the appropriate settings. As has been ,indicated, tests
have chpsbilitytinereasesthe MBMOf%MQfW%W Qpprated cxe avider PR ratios
of about 10 to 100% 'In an alternative enbodi ment, the chlorine entering
t he r @eodudtion rates ag distated byapactiquiay applielie’s t r ansiti on zone 53) is generated
by reacting NaOCl with HCl. In this enbodi nent, , passage.1l5 is connected
'%‘g!‘?%“’fﬁﬁfgr as

to a net erThepressitgonerntar ia prsrcelihrated wherehythe nipespeaifigsiagp
- passage 14. NaOCl is fed through valve 33 and into passage 14 while HCl is
fed i €@, ypisslipin bsiGI0/day Thikratervdll vary &om application-to-applkiration ¥ Willnedi at el y

below transition zone 53 and quickly react to forma ¢ 2 _gas, The C 2
f1 ows gomevadly dall witkin theghnge of Htot108MIbs GHay/dard The watsr flgw rte iapdjustedtoct s wit h,
NaC103 form ng Cl02 as described above. Bnmdl = The generator 10 was
provi genvidaiatéquetdyecuum [assira i opgrate thegsnmater. oLheyRARMATESRWE &1 5¢bPY 2 | nches
and a nozzle orifice of approximately 0.14 inches. 11 31 March 2004 The
r eact igewgels3 sod will typicillycberaheut 18 ta 1Rin Hig. (Titratien mspsrenatsayebeedo| urm. 5"
Transition zone Length 0.75" Max. D (57) 0.625" . .

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

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

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

geﬁerator 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 NaOCI with HC. In this embodiment,

passage 15 is connécted 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 HCI is fed into passage

15, The two precursors meet ata location ixnniediately helow transition zone 53 and quickly

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

reacts with, NaClO; forming Cl0O; 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.
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Mn. D (56) 0.375" Passages (14,15 and 16) 0.375" Measurenents were taken
for three production rates of 340,100, and 50 | bs. Cl102/day. The suction
pressure was set at 11 in. Hg. Followi ng each test titration analysis was
performed to determ ne the actual Cl102 production rate. T{g&eﬁfb | ency was
cal cul ated by dividing the neasured rate by the target ]p ghe rate.

The anal ys was..d 4 approved nethod published in
St andar d Néﬁﬁéﬁ?“?%&oﬁuﬁb%eép?%féw{ ter and Wastewater and |isted as
4500. C102- E. The eﬁ@fh %Ii summari zed beiow. Target Rate Measured Rate
Efficiency (% bs Vil ay) (lbs G Q2/day) 340 322 95.5 100 95 95 50

50.8 101.6 In the 50 Ibs/'ﬂaqsxtbnsbue the efficiency exceeds 100% which is
due to experinmental uncertai nu@ each cgge: the tests i ndi cate

excel l ent conversion efficiencl I n each test t he neasured. pH of the
C102, sol ution was between 5. MaxoDEIS'B 12 39.6&%rch 2004 WHAT |'S CLAI MED

I'S: 1. A chlorine dioxide gengpa E onpri shhgs» (@) an eductor having an
inlet, an outlet, and a vacuum regron between the inlet and the outlet;
: ' Passages (14, 15 and 16) 0375
Measurements were taken_for three production rates of 340,100, and 50 Ibs. ClO»/day.
The suction pressure was set at 11 in. Hg. |
Followmg each test titration analysis was pe:forrned to determine the actual C102
production rate. The efficiency was calculated by _d:vtdu_lg the measured rate by the target |
production rete. The analysis was done using the current EPA apptoved m’ethod published__ in
Standard Methods for the Treatment of Water anti Wastewater and listed as 4500 CIO2-E. The

reé.ults are summarized below.

Target Rate Measured Rate Effictency (%)
(lbs ClO2/day) (lbs ClOZIday) :
340 322 95.5
100 95 93
50 50.8 101.6

In the 50 1bs/day test; the efficiency exceeds 100% which is dueto experimental uncertainty. In
each case the tests indicate excellent conversion efficiencies. In each test the measured PHof

the ClOz solution was between 5.7 t0 5.9,
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(b) a reaction colum conprising: (i) a transition zone having a | ower
inlet, an upper outlet, and a snboth tapered surface interconnecting the
| ower inlet and the upper outlet, said upper outlet having a flow area
substantially larger than the flow area of the l'ower inlet whereby the
flow area through the transition zone increases fromtis Maveh 2004 et to
the upper outlet; and (ii) a flow passage interconnecting the upper outl et
of the transition zone and the vacuumregion of the eductor; (c) a first
fl ow passRFRATh CeardBtIs: the | ower inlet of the transition zone; (d) a
second fl ow passage connected to the transition zone between the | ower
inlet ant Alvblonippdioxiddigbsdratbhw@topciding: (e) a first conduit for delivering a
first reactant to the first flow passage; (f) a second conduit for

del i veri ng @) sechwrthr hadeg aminlet, an binkt, 2ed o netuliihowgipabaags thevher eby the first
-and second reactants mx in the transition zone to formchlorine dioxide;
(g) a water cinietlandtheomtfeected to the inlet of the eductor for delivering
wat er through the eductor whereby chlorine dioxide forned in the
transition @dnaecactorseeblomtconpridingt he vacuum regi on and di ssolved in the

wat er flow ng therethrough; and (h) a conduit connected to the outlet of

t he educt or f@)aueisitios zotechaling a\atee inldvgan upgerlontl@]adda ivo)04 chl ori ne
di.oxi de di ssol ved therein fromthe eductor. 3. The chlorine di oxide

gener at or of chaenadlsufliveristenoinkeaingakd lowef inlshandfthowppar eakt, edid

upper outlet having a flow area ﬁubstantially 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, )
(c) a first flow passage connected to the lower inlet of the transition Zone;
(d) a second flow passage connected 1o the transition zone between the lower inlet
and the upper outlet thereof ; |
(e) a first conduit for delivering a first reactant to the first flow passage,
(f) a second conduit for delivering a second reactant to the secoﬁd flow passage
whereby the first and second reactants mix in the transigion zone to form chlorine
dioxide;
(g) a water conduit connecied 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 therethroﬁgh; and

(k) a conduit connected to the outlet of the eductor for delivering the water having
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the upper outlet and the lower inlet of the transition zone is between
about 1.5:1 and about 3.1. 4. The chlorine dioxide generator of claiml
wherein the surface interconnecting the upper eutlet and the |ower inlet
of the transition zone is in the shape of a circular frustum 5. The

chl orine di oxi de generator of claim4 wherein the flow psssmegeh 2604 he
reaction columm is no snmaller than the outlet of the transition zone. 6.

The chl ori ngudli@idiea-aRieHal Perefif frdnh Ak BBukioaher ei n the generator conpri ses
a third passage intersecting the first passage for delivering a third

reactant § Oornd @frine WdkitelglRerbtbs Siiclalt 2ihatein thorafiobthe Abwrateasof 7. The
generator of claim6 wherein the reactants delivered to the first and

third passgggspe:8add: ahPnb Rvbr Gl OF ihd Brakifiof Yoreliebétbaiabolit t he transition
zone. 8. In a chlorine dioxide generator having a water flow eductor and a

reaction cpkynpswhgseiin C12 and NaClQ2 are brought together and react to
form C102, which is sucked into the eductor, the inprovenent wherein the

reaction 4 CPhdifbrd@Uickide zBRThtb SHUAR D hefein tRE LR iRGrdonAktiag 8@ i n whi ch
the 2 and NaCl Q2 react to form Cl02, the increase in the flow area

t hr oughout %Bﬁ‘ero_&ﬂé@ﬁ& {rle Pyt HQ oF BiQ rlaf\iliohz648 id irthd sHaPe Sf alcirchfdr The
generator of claim8 wherein the increase in flow area ranges from1l.8:1

to 2.9 to lfru%t?(m?’l March 2004 12. A nethod for producing an aqueous
solution of chlorine dioxide conprising : _

5. The chlorine dioxide generator of claim 4 wherein the flow 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 5 third reactant to
react with the first reactant to form chlorine.

7. The generator of claim 6 wherein the reactants delivered td the first and third

passages react to form chforine below the inlet of the transition zone.
8 Ina éhloripe dioxide generator having a water flow eductdr 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 the reaction
column has a transition zone of increasing flow area in which the Cl; and
NaClQ: react to form ClO,, the increase in the flow area .th;o-ughout 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

29t01
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(a) mxing chlorine in a flowtransition zone w th sodiumchlorite to form
chlorine dioxide gas, said zone having an increasing dianeter in the flow
direction; (b) flowing the chlorine dioxide gas through a reaction col um;
(c) bringing the chlorine dioxide gas into contact with a water stream
under a vacuum pressure whereby the chlorine dioxide gad Maréh 20034 i nto
the wat enqgt Q melid j | oxide: S ion. J13. The method of
claim12 V\)herm eelE n %@p@éﬂgﬁ@gﬁ%ﬁ%ﬁ%@ﬁgﬁ q‘? E@&g’aeu@éﬂu&sé ég%"fpélrsinﬁe di oxi de
solution b 1 . I . : f..claim 12 wherein
the transit )_cl)\ﬁ é&rlfgeh (ﬁ%g ligﬂlgﬁl%ﬁé,'&g%mgét t%}?ﬁ%ﬁgﬁlgﬂgéﬁg%%&koéw& ed surface
i nt erconnect 'tﬂ&i&?}géa?,riamZ%'hgﬂ%q%%ﬂéh%‘éﬂ%%anﬁe%r'h?th%fﬂo'{whcﬁr& i(Imt;at and outl et

fl ow areas rangl om
(b) flowing the chlorine dioxide gas through a reaction column;

(c) bringing the chlorine dioxide gas into contact with a water stream under 2
vacuum pressure whereby the chlorine dioxide gas is drawn into the 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 and 1000 lbs/day.
14. The method of claim 12 wherein the transition ione 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.

15



